
 

9/12/14 RE-SEED Version (9/12/14) 1 
 

Missing Mass Experiment: Thoughts on 
Implementation – Dick Healy 

Introduction 
The basis of this document was a presentation by Paul Conroy, then RE-SEED volunteer coordinator, to 

new volunteers as part of initial orientation in Fall 2012. The material was modified slightly and 

packaged for use in Lawrence public schools by Dick Healy that Fall.  Although run in teacher training, it 

has not been adopted in any curriculum as of Fall 2014 although it will probably be used at the Parthum 

Middle School, Lawrence, MA in the 2014-15 academic year as part of concept review preparation for 

the Science MCAS. 

“Do Now” is the system-wide name for an initial warm-up exercise used by teachers during the initial 

minutes of class time while various administrative tasks are accomplished.  It intends to focus the 

student on science relevant to the task at hand but lasting only about 5 minutes. 

The experimental procedure included herein lacks a formal data table for recording observations 

(critical) and detailed prescription for completing the experiment (not so critical) so that it can be 

adapted by a teacher to the specific equipment available.  Volunteers intending to use this procedure 

may need to help the teacher prepare a suitable handout. 

Do Now 
One of the mystery mixture reactions1 we tried combined baking soda (sodium bicarbonate) with 

vinegar (acetic acid) to release carbon dioxide.  The formula is: 

NaHCO3 + CH3OOH  ->  CH3OONa + CO2 + 2 H2O 

Is this formula correctly balanced? 

A.  Yes 

B. Almost 

C. Not even close 

If you think it is not balanced, how would you correct it? 

                                                           
1
 The FOSS chemistry kits used by Boston and Lawrence (until 2013) start by having students try to determine 

which of six-seven standard compounds is included in a “mystery mixture”. 
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Background 
The combination of baking soda and vinegar releases carbon dioxide in a fun way.  The basic chemistry is 

given by the formula 

NaHCO3 + C2H4O2  ->  C2H3NaO2 + CO2 + H2O 

Using the atomic weights given below, calculate the atomic weight of each of the molecules: 

Element Atomic Weight 

Hydrogen (H) 1 

Carbon (C) 12 

Oxygen (O) 16 

Sodium (Na) 23 

 

Common Name Chemical Symbol Molecular Weight 

Sodium 
bicarbonate 

NaHCO3  

Acetic acid C6H8O7  

Sodium acetate NaC6H7O7  

Carbon dioxide CO2  

Water H2O  

 

Compute the weight of reactants (on the left):   _____________ 

Calculate the weight of products (on the right): _____________    

 

Experiment 
Given a 400 ml beaker, 250 ml cylinder, about a teaspoon of baking soda and a supply of common 

vinegar, measure how much vinegar is required to completely exhaust the baking soda by adding a little 

at a time until no more gas is released.  Measure the mass of the materials consumed and the resulting 

product.  A workable procedure is outlined below.  

1. Obtain a 400 ml beaker.  Weigh it and record its empty weight. 

2. Add about a teaspoon of baking soda.  Weigh the beaker with the soda. Record the data and 

compute the amount of baking soda available. 

3. Obtain a 250 ml cylinder.  Weigh it and record its empty weight. 

4. Add about 200 ml of vinegar. Weigh the cylinder with the vinegar. 

5. Add a small amount of vinegar to the baking soda in the beaker.  Watch what happens.  

Continue to add vinegar to the beaker a little bit (less than 5 ml) at a time.  Gently stir the 
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mixture and determine if anything occurs.  Continue adding small amounts of vinegar until 

nothing is observed. (If you run out of vinegar, repeat step 4 taking only 100 ml this time.) 

6. Weigh the cylinder with the remaining vinegar.  Record the data and determine the amount of 

vinegar used. 

7. Weigh the beaker containing the baking soda/ vinegar reaction products.  Record the data and 

determine how much product remains. 

8. Add the weight of baking soda and vinegar used and subtract the weight of remaining product.  

Is any mass missing?  If so, where did it go? 

9. Compute the ratio of the missing mass to the mass of baking soda.  Record it.  Compare it to the 

ratio obtained by other tables in your class. 

Follow-up 
1. What evidence do you have that a chemical reaction occurred?  (Both the release of gas and the 

associated temperature change are obvious answers.  Gain/loss of mass is another bit of 

evidence that could be suggested.) 

2. What states of matter were involved in your experiment? (The baking soda was solid, the 

vinegar a liquid.  The carbon dioxide is a gas.) 

3. Where is the sodium acetate? (In solution with the liberated water and the water portion of the 

vinegar.) 

4. How much gas was released? (This question can lead to a broad discussion of the actual volume 

using the ideal gas law and molar volumes.  The simple answer of course is the amount of the 

missing mass.  In between, we could compute the “expected” result using the input mass of 

baking soda.) 

Explanation 
The missing mass is that of the carbon dioxide released to the room as the bubbles are formed.  Some of 

the CO2 remains in solution, so the calculation will not be exact.  In a perfect world, the ratio of the 

missing mass to the available baking soda should be 44/84 = 0.52.  This is the ratio of the molecular 

weights of carbon dioxide and baking soda computed in the initial steps. 

 

Note that all the students should obtain about this result even if their titration is poorly done and they 

added far too much vinegar.   

 

To limit the amount of vinegar needed, we must limit the amount of baking soda used.  That means that 

the accuracy of the scale may limit the achievable success in accurately determining the ratio.  If the 

scale does not measure to at least 0.1g, do not expect too much accuracy at these levels. 

 


