
Part 1: Background Information and Context 
Activity 

Baking Soda Fire Extinguisher 

In this activity, candles of varying heights are placed and lit inside an open top glass walled container. An empty aquarium, terrarium, or clear glass vase can be 
used. Then sodium bicarbonate, or baking soda, and diluted acetic acid, or vinegar, are added to the bottom of the reaction vessel. This reaction creates carbon 
dioxide, which is non-combustible, and heavier than other gasses in the atmosphere, so it remains at the bottom of the vessel. As the CO2 quantity rises, the candles 
will be extinguished in order from shortest to tallest. 

 
Suggested NGSS Dimensions to Address (click on the titles to learn more from the K-12 Framework) 

Science and Engineering Practices  Disciplinary Core Ideas  Crosscutting Concepts 
● Asking Questions/Defining Problems 

○ Students can observe the fire 
extinguisher demo, make 
observations, and ask questions. 

● Modeling 
○ Students can model what they think 

is happening in the demonstration 
and then can revise their model as 
their thinking progresses with new 
information learned in the 
investigations. 

● Planning and Carrying Out Investigations 
○ Students could then develop an 

experiment to test their ideas or the 
teacher could develop the 
experiment, and students could 
conduct it.  

● Constructing Explanations/Designing 
Solutions 
○ After students have several 

experiences with states of matter, 
phase changes, and/or density, they 
will be ready to explain how the 
phenomenon occurs. This includes 
teacher instruction around the 
relevant DCIs. 

 
 

 ● PS1.A Structure of matter 
○ 3-5: Matter exists as particles that are too 

small to see, and so matter is always 
conserved even if it seems to disappear. 
Measurements of a variety of observable 
properties can be used to identify 
particular materials. (5-PS1-1) 

○ 6-8: 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. (MS-PS1-4) 

● PS1.B Chemical reactions 
○ 3-5: When two or more different 

substances are mixed, a new substance 
with different properties may be 
formed. (5-PS1-4) 

 Cause and Effect 
● Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of 
science is investigating and explaining 
causal relationships and the mechanisms 
by which they are mediated. Such 
mechanisms can then be tested across 
given contexts and used to predict and 
explain events in new contexts. 

Scale, Proportion, and Quantity 
● In considering phenomena, it is critical to 

recognize what is relevant at different 
measures of size, time, and energy and to 
recognize how changes in scale, 
proportion, or quantity affect a system’s 
structure or performance. 

Energy and Matter 
● Tracking fluxes of energy and matter into, 

out of, and within systems helps one 
understand the systems’ possibilities and 
limitations. 
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https://www.nap.edu/read/13165/chapter/9?term=Ps3.b#109
http://www.nap.edu/openbook.php?record_id=13165&page=87
http://www.nap.edu/openbook.php?record_id=13165&page=87
https://www.nap.edu/read/13165/chapter/8#89
https://www.nap.edu/read/13165/chapter/8#94


Part 2: Lesson Facilitation for Phenomenon 
Teacher Background 

Combustion requires fuel and oxygen. If one of these components is removed, then the combustion will stop. It is obvious that if there’s no more fuel, 
the fire will go out, as with a candle burning out, a fire burning out, or even a car running out of gas. However, it is more difficult to comprehend a 
lack of oxygen putting out a fire. This is however, what happens when water is dumped on a fire. The water is void of an oxygen source for the fire to 
burn, just as its void of oxygen for a human to breathe. The gases evolved from the reaction of sodium bicarbonate and acetic acid are similarly void 
of burnable oxygen, and the fire is extinguished. As CO2 is lighter than air, it will remain in the bottom of the reaction vessel, and slowly rise up to 
meet the level of the flame. 
Sodium bicarbonate, when mixed with an acid will evolve CO2 gas. As CO2 is heavier than the atmosphere, it will fill the vessel from the bottom up. As 
the CO2 fills the container, it will raise up to levels close to the lowest flame. The flame creates a convection current as heat from the flame rises, and 
new air is pulled up from below. For this reason, the flame will actually start to go out before the level of CO2 has actually fully reached the flame. It 
must also be remembered that the wick is not burning, but instead is a medium for evaporating paraffin from the candle into a flammable gas. As the 
CO2 reaches the wick height, the paraffin will continue to be evaporated, and the flame may move above the wick, to a point where there is still 
sufficient oxygen to allow for combustion, but the paraffin has not spread out so much that it is in a high enough concentration to still continue 
burning. Once either the wick has cooled below the paraffin evaporation point, or the flame level is too high to maintain an optimum paraffin:oxygen 
burn ratio, the fire will go out. 
Materials 

1. A large/tall glass walled vessel. (Aquarium, Terrarium, large beaker/flask, vase) 
2. Multiple candles of varying height, from 2-3cm, to 2-3cm shorter than the reaction vessel. 
3. Candle stands/securing putty (if the candles are not self-supporting) 
4. Fire ignition source (matches, lighter) 
5. Sodium Bicarbonate 
6. Vinegar 

Procedures 

1. Arrange the candles such that they are of varying height, and free standing within the vessel. 
2. Pour some sodium bicarbonate (baking soda) into the vessel. 

a. A thin layer should cover the entire bottom of the chamber 
b. A larger layer should be applied in the case of tall, thin vessels, like vases, or beakers. 
c. A larger layer should also be used for a faster demonstration. 

3. Ensure there is no wind or air currents that will interfere with the experiment. 
4. Light the candles. 
5. Pour in enough vinegar to wet all the sodium bicarbonate. 
6. If the candles do not all extinguish, add more baking soda and vinegar slowly to continue the reaction until all the candles have 

been extinguished. 
 

Safety Concerns 



This demonstration utilizes fire. Even though a candle seems like a relatively safe device, it can still burn down a house. Have a fire 
extinguisher, or fire blanket nearby in the event of accidental ignitions. As heat from the fire rises, especially during the ignition step, it 
may cause burns to the person lighting the candles, or anyone else who puts their hand over the vessel. Be careful while lighting the 
candles, and while adding baking soda, or vinegar to the vessel to avoid burns. 
3-Dimensional Questions 

1. What do you notice about the demonstration? 
2. What do you wonder about the demonstration? 
3. What caused the candles to stop burning? 
4. Do you think the order they burned out was significant?  
5. What role does the mixing of baking soda and vinegar play in this demo? 
6. What do you notice when you mix the baking soda and vinegar? 

5E Model Alignment/Suggestions 

Engage:  
   Consider using this activity as a demonstration and having students ask questions about what they see through a prompt such as 

“Make 5 observations and 3 questions about the following demonstration”.  
Explore:  
1. After students have made preliminary predictions and explanations, they could model (draw) the demonstration using a 

“before”, “during”, and “after” template.  After assessing the models, the teacher can decide where to go next. Some possible next 
explorations could include 1) exploring air as having mass and taking up space, 2) exploring gases with different 
masses--balloons with helium, CO2, or air.  Students could either develop the investigation or simply conduct it using provided 
procedures. 

2. After conducting an investigation, students should revise their models each time they gain more understanding of properties of 
matter.  

Explain: 
          After the teacher has helped the students make meaning of their activity through direct teaching, video, or text, the students 

can  
then explain their learning back to the teacher. Through experience and instruction, students should learn the content relevant to  
their grade level.  
     The students can construct an explanation or write a Claim-Evidence-Reasoning on this phenomenon. 
Elaborate:  
     Students are now ready to apply their knowledge to a new situation such as the Boo Bubbles Science Carnival Activity for a  
Good elaborate option. Have the students make a claim and provide reasoning about what they think will happen when the CO2 is  
used to make bubbles. If they understand the fire extinguisher demo, they should have enough information to predict whether or not  
the bubbles will sink or float. 

 
 
 

https://docs.google.com/document/d/120Os6pWIocGfSqGQHPGIKmkW-sDto21g9qxoqXoTcTo/edit?usp=sharing


 


