
Thermal Energy and Matter: What Happens at the Molecular Level When 
Thermal Energy Is Added to a Substance?  

 
Introduction  
Every substance in the universe is made up of matter. A substance can exist in three different 
states: solid, liquid, or gas. A substance such as water can easily 
transition from one state of matter to the other. For example, 
water transitions from a solid state to a liquid state when an ice 
cube melts (see figure to the right). The ice cube is able to melt 
and transition from a solid to a liquid because it absorbs thermal 
energy. Thermal energy is a type of energy that is transferred 
between two objects because they have different 
temperatures. In the example of an ice cube melting, thermal 
energy is transferred to the ice cube from the warm air 
surrounding it. Thermal energy always moves from the warmer 
object to the colder object. Think about another example, such 
as a cold can of soda in your hand. In that case, thermal 
energy is transferring from your hand to the soda; eventually the 
cold soda will gain enough thermal energy that it becomes the 
same temperature as its surroundings. 

 
All substances, regardless of whether they are a solid, a liquid, or a gas, are made up of atoms 
and molecules. Atoms and molecules are submicroscopic, meaning they are too small to be seen 
with our eyes and even too small to be seen with most microscopes. The atoms or molecules that 
make up a substance are constantly in motion. The composition of a substance will always be the 
same even though the substance can transition from one state to a different state. Water, for 
example, is always made of H2O molecules even when it is in a solid (ice), liquid, or gaseous 
(steam) state.  

 
The difference between the solid, liquid, and gas states of a substance is due to the amount of 
kinetic energy the atoms or molecules have and how these particles are moving relative to each 
other. Kinetic energy is the energy of motion. Atoms or molecules that are moving quickly have 
more kinetic energy than atoms or molecules that move more slowly. For example, the molecules 
found within a sample of gaseous water move around quickly. These molecules therefore have a 
lot of kinetic energy. The molecules that are found in a sample of solid water, in contrast, move 
around slower and have less kinetic energy than the molecules in a sample of gaseous water. You 
can therefore measure the temperature of a substance to learn about the average kinetic energy 
of the molecules within that substance. 

 
At this point, we have established several key ideas about the nature of matter. For example, we 
know that all matter can exist in three different states and all matter is com- posed of atoms or 
molecules that are really small. We also know that a substance has the same composition 
regardless of its state and that the atoms or molecule of a substance will have different amounts of 
kinetic energy at different temperatures. These ideas, when taken together, can serve as a 
foundation for the development of an explanatory model that can be used to illustrate what 
happens at the molecular level when thermal energy is added to a substance. This type of model 
is important to develop because explanatory models can help us predict the behavior of matter 
under different conditions. For example, we could use an explanatory model to help us predict 
how long it will take a substance to boil when it is heated on a hot plate or a stove. Your goal for 
this investigation will be to collect data about the behavior of a substance when thermal energy is 
added to it and then use what you learn to develop an explanatory model that describes what 
happens to the molecules that make up a substance when they are exposed to thermal energy.  



 
Your Task        
Develop a model that helps you explain what happens at the molecular level as thermal energy is 
added to a substance. The substance you will work with during this investigation is water. Your 
model should account for the mass of the substance, its temperature, and the amount of time 
that thermal energy is being added to the substance so that you can explain the relationship 
between the amount of water in a sample, the temperature at which the sample boils, and how 
long it takes to reach the boiling temperature. Your model, once fully developed, should enable 
you to make accurate predictions about the amount of time it will take for a particular sample of 
water to boil. Once you have developed your model, you will need to test it to determine if it leads 
to accurate predictions or not. 

 
The guiding question of this investigation is: What happens at the molecular level when thermal 
energy is added to a substance?  

 
Materials  
You may use any of the following materials during your investigation:  

● Water 
● Beakers (various sizes) 
● Graduated cylinders (various sizes)  
● Electronic or triple beam balance 
● Hot plate 
● Thermometer or temperature probe  
● Stopwatch 
● Safety glasses or goggles 
● Chemical-resistant apron 
● Nonlatex gloves  

 
Getting Started  
The first step in developing your model is to design and carry out 
an investigation to determine how long it takes for different 
samples of water to boil and the temperature at which each 
sample boils. To accomplish this task, you can heat a sample of 
water in a beaker on a hot plate (see figure to the right). Before 
you begin to heat different samples of water, you must determine 
what type of data you need to collect, how you will collect it, 
and how you will analyze it. 

 
To determine what type of data you need to collect, think about 
the following questions: 

● What information do you need to make your model?  
● What measurements will you take during your 

investigation?  
● How will you know how much thermal energy has been 

transferred to your samples of water?  
To determine how you will collect the data, think about the 
following questions: 

● What equipment will you use to collect the data you 
need? 

● How will you make sure that your data are of high quality (i.e., how will you reduce error)? 
● How will you keep track of the data you collect? 
● How will you organize your data? 

 



To determine how you will analyze the data, think about the following questions: 
● What type of calculations will you need to make? 
● What type of table or graph could you create to help make sense of your data? 

 
Once you have carried out your investigations, your group will need to develop a model that can 
be used to help explain what is happening at the molecular level when thermal energy is added 
to water. Your model must include the relationship between the amount of water being heated, 
the temperature at which that sample of water boils, and how long it takes the sample to reach 
the boiling temperature. Your model should also be able to account for any differences in the 
mass of water, differences in initial temperature between samples, and the amount of time that 
thermal energy is added to the substance. 
   
The last step in this investigation is to test your model. To accomplish this goal, you can heat 
different amounts of water that you did not investigate to determine if your model leads to 
accurate predictions about the time it takes for each particular sample of water to boil. If you are 
able to use your model to make accurate predictions about the time it takes for different amounts 
of water to boil, then you will be able to generate the evidence you need to convince others that 
the model you developed is valid.  
   

Report 
Once you have completed your research, you will need to prepare an investigation report that 
consists of four sections (be sure to have section headings): 

1. Introduction: Give some background information on the topic. Explain what question were 
you trying to answer and include a hypothesis. (Background info, research question and 
hypothesis) 

2. Procedure: What did you do during your investigation and why did you conduct your 
investigation in this way? (How you collected and analyzed data) 

3. Data: Include a data table and/or graph to show your results. Be sure to include a title for 
your table or graph with labels for the variables. 

4. Conclusion: What is your argument? (Claim - Evidence - Reasoning) 
 
Your report should answer these questions in two pages or less. The report must be typed, and any 
diagrams, figures, or tables should be embedded into the document. Type your report on Google 
Docs (12 point font, double-spaced) and share it with your teacher. Your report will be graded 
based on the rubric in the class syllabus. 
 


