
 

 

MS-PS1-4   Matter and its Interactions 

Students who demonstrate understanding can: 
MS-PS1-4. Develop a model that predicts and describes changes in particle motion, temperature, and state of a 

pure substance when thermal energy is added or removed.  [Clarification Statement: Emphasis is on 
qualitative molecular-level models of solids, liquids, and gases to show that adding or removing thermal 
energy increases or decreases kinetic energy of the particles until a change of state occurs. Examples of 
models could include drawing and diagrams. Examples of particles could include molecules or inert 
atoms. Examples of pure substances could include water, carbon dioxide, and helium.] 

 

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education: 

Science and Engineering 

Practices 

Developing and Using Models 
Modeling in 6–8 builds on K–5 and 
progresses to developing, using and 
revising models to describe, test, and 
predict more abstract phenomena and 
design systems. 

 Develop a model to predict and/or 
describe phenomena. 

Disciplinary Core Ideas 

PS1.A: Structure and Properties of Matter 

 Gases and liquids are made of molecules or 
inert atoms that are moving about relative to 
each other. 

 In a liquid, the molecules are constantly in 
contact with others; in a gas, they are widely 
spaced except when they happen to collide. 
In a solid, atoms are closely spaced and 
may vibrate in position but do not change 
relative locations. 

 The changes of state that occur with 
variations in temperature or pressure can be 
described and predicted using these models 
of matter. 

PS3.A: Definitions of Energy 

 The term “heat” as used in everyday 
language refers both to thermal energy (the 
motion of atoms or molecules within a 
substance) and the transfer of that thermal 
energy from one object to another. In 
science, heat is used only for this second 
meaning; it refers to the energy transferred 
due to the temperature difference between 
two objects. (secondary) 

 The temperature of a system is proportional 
to the average internal kinetic energy and 
potential energy per atom or molecule 
(whichever is the appropriate building block 
for the system’s material). The details of that 
relationship depend on the type of atom or 
molecule and the interactions among the 
atoms in the material. Temperature is not a 
direct measure of a system's total thermal 
energy. The total thermal energy 
(sometimes called the total internal energy) 
of a system depends jointly on the 
temperature, the total number of atoms in 
the system, and the state of the 
material. (secondary) 

Crosscutting Concepts 

Cause and Effect 

 Cause and effect 
relationships may be used 
to predict phenomena in 
natural or designed 
systems. 

 

Observable features of the student performance by the end of the course: 
1 Components of the model 

a To make sense of a given phenomenon, students develop a model in which they identify the relevant 
components, including: 

i. Particles, including their motion.  

ii. The system within which the particles are contained. 

iii. The average kinetic energy of particles in the system. 

iv. Thermal energy of the system. 
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v. Temperature of the system. 

vi. A pure substance in one of the states of matter (e.g., solid, liquid, gas at the macro scale). 

2 Relationships 

a  In the model, students describe* relationships between components, including: 

i. The relationships between: 

1. The motion of molecules in a system and the kinetic energy of the particles in the system. 

2. The average kinetic energy of the particles and the temperature of the system. 

3. The transfer of thermal energy from one system to another and: 

A.  A change in kinetic energy of the particles in that new system, or  

B.  A change in state of matter of the pure substance. 

4. The state of matter of the pure substance (gas, liquid, solid) and the particle motion 
(freely moving and not in contact with other particles, freely moving and in loose contact 
with other particles, vibrating in fixed positions relative to other particles). 

3 Connections 

a Students use their model to provide a causal account of the relationship between the addition or 
removal of thermal energy from a substance and the change in the average kinetic energy of the 
particles in the substance. 

b Students use their model to provide a causal account of the relationship between: 

i. The temperature of the system. 

ii. Motions of molecules in the gaseous phase. 

iii. The collisions of those molecules with other materials, which exerts a force called pressure. 

c Students use their model to provide a causal account of what happens when thermal energy is 
transferred into a system, including that: 

i. An increase in kinetic energy of the particles can cause: 

1. An increase in the temperature of the system as the motion of the particles relative to 
each other increases, or 

2. A substance to change state from a solid to a liquid or from a liquid to a gas. 

ii. The motion of molecules in a gaseous state increases, causing the moving molecules in the 
gas to have greater kinetic energy, thereby colliding with molecules in surrounding materials 
with greater force (i.e., the pressure of the system increases).   

d Students use their model to provide a causal account of what happens when thermal energy is 
transferred from a substance, including that: 

i. Decreased kinetic energy of the particles can cause: 

1. A decrease in the temperature of the system as the motion of the particles relative to 
each other decreases, or 

2.  A substance to change state from a gas to a liquid or from a liquid to a solid. 

ii. The pressure that a gas exerts decreases because the kinetic energy of the gas molecules 
decreases, and the slower molecules exert less force in collisions with other molecules in 
surrounding materials.  

e Students use their model to provide a causal account for the relationship between changes in 
pressure of a system and changes of the states of materials in the system. 

i. With a decrease in pressure, a smaller addition of thermal energy is required for particles of a 
liquid to change to gas because particles in the gaseous state are colliding with the surface of 
the liquid less frequently and exerting less force on the particles in the liquid, thereby allowing 
the particles in the liquid to break away and move into the gaseous state with the addition of 
less energy. 

ii. With an increase in pressure, a greater addition of thermal energy is required for particles of a 
liquid to change to gas because particles in the gaseous state are colliding with the surface of 
the liquid more frequently and exerting greater force on the particles in the liquid, thereby 
limiting the movement of particles from the liquid to gaseous state. 
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