
1382 Journal of Chemical Education  •  Vol. 85 No. 10 October 2008  • www.JCE.DivCHED.org  • © Division of Chemical Education 

In the Classroom

The reaction between sodium hydrogen carbonate 
(NaHCO3)1 and vinegar (CH3COOH) has been widely used 
to demonstrate concepts of stoichiometry and limiting reagent 
(1–7). Aware that visualization is important to chemistry un-
derstanding and that it can arouse students’ curiosity and enthu-
siasm, (8) we describe a dramatic and practical demonstration 
that allows students to discover the concept of limiting reagent 
by observing the change in gas volume when a fixed volume 
of vinegar reacts with a gradually increasing mass of sodium 
hydrogen carbonate.

Experiment

Materials

	 •	 Sodium	hydrogen	carbonate	(NaHCO3)
	 •	 Vinegar	(5%	acetic	acid,	CH3COOH)
	 •	 Saturated	sodium	chloride	solution	(NaCl)	with	food	dye
	 •	 125	mL	Erlenmeyer	flask
	 •	 250	mL	graduated	cylinder
	 •	 1000	mL	beaker
	 •	 Gas	outlet	set
	 •	 Stand	and	clamp
	 •	 Pipet
	 •	 Glass	vial
	 •	 Forceps
	 •	 Spatula
	 •	 Parafilm
	 •	 Rubber	band
	 •	 Adhesive	tape

Procedure
One	experiment	setup	is	shown	in	Figure	1.	To	prepare	the	

reaction	vessel,	pipet	10	mL	of	vinegar	into	a	125	mL	Erlenmeyer	
flask.	Then	use	forceps	to	place,	with	great	care,	a	vial	contain-
ing NaHCO3	(record	an	exact	mass)	into	the	Erlenmeyer	flask.	

To	prepare	the	gas	trap,	fill	a	250		mL	graduated	cylinder	with	
saturated sodium chloride solution2 (9), turn it over3 (10), and 
immerse	in	a	1000	mL	beaker	that	also	contains	the	same	solu-
tion.4	Attach	the	gas	outlet	assembly	(Figure	1)	to	the	gas	trap	
with	adhesive	tape	and	a	rubber	band.	Gently	insert	the	stopper	
of	the	gas	outlet	assembly	into	the	Erlenmeyer	flask.

A	series	of	12	experiments	are	used	for	the	demonstration.	
Every	setup	is	identical	except	for	the	mass	of	NaHCO3, which 
gradually	increases	by	0.1	g	from	0.0	g	to	1.0	g	in	the	series	of	
experiments.	The	level	of	NaCl	solution	in	each	beaker	should	be	
adjusted	to	the	same	height.	The	12	setups	are	shown	in	Figure	
2	with	the	Erlenmeyer	flasks	behind	the	beakers	and	graduated	
cylinders. When the demonstration setup is ready, promptly 
swirl each reaction vessel, causing the vial fall down and allowing 
the NaHCO3	in	the	vial	to	react	with	vinegar	in	the	Erlenmeyer	
flask.	Students	will	observe	the	gas	generated	from	the	reaction,	
which	is	trapped	in	the	graduated	cylinder.	Swirling	should	be	
continued until no more gas bubbles evolve. Observe and record 
the volume of gas in each trap.
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Figure 1. Equipment setup: (left) schematic drawing of each setup 
and (right) detailed dimension of gas outlet.
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In the Classroom

Observation
As soon as NaHCO3 and vinegar are mixed, gas evolves 

abruptly from the reaction and replaces the solution in the 
graduated cylinder. After the reaction is complete, students 
will immediately see the change in CO2 volume relative to the 
mass of NaHCO3	added	as	shown	in	Figure	2.	As	the	amount	
of acid remains constant, increasing the amount of NaHCO3 
produces more gas until reaching the point where the gas 
volume does not increase no matter how much NaHCO3 is 
used.

Explanation
The	reaction	can	be	described	as	follows:

   CH3COONa(aq)    H2CO3(aq)
CH3COOH(aq)    NaHCO3(s)   

 

(1)

   H2O(l)    CO2(g)H2CO3(aq)   
 
(2)

Thus,	the	overall	reaction	is

   CH3COONa(aq)     H2O(l)    CO2(g)
CH3COOH(aq)    NaHCO3(s)    (3)

From	the	overall	reaction,	carbon	dioxide	gas	is	produced	and	its	
volume can be measured by using a principle of liquid displace-
ment by gas (11, 12).	The	change	in	pressure	that	results	from	
the varying height of the water column has a negligible effect on 
the volume. A plot of mass of NaHCO3 versus gas volume in the 
trap	is	shown	in	Figure	3.	Apparently,	the	CO2 volume depends 

on both the amount of  NaHCO3 and vinegar. In the early exper-
iments	(no.	0–6),	it	is	found	that	the	volume	of	CO2 increases 
when the amount of NaHCO3	is	increased.	Thus	NaHCO3 is 
the limiting reagent (vinegar is excess). However, in the experi-
ments	no.	8–	11,	CO2 volume remains steady indicating that the 
amount of NaHCO3 is now in excess of the amount of vinegar. 
Accordingly, vinegar now becomes a limiting reagent.

The position in the graph where the slope changes is 
equivalent	 to	 the	 end	point	 and	 it	 corresponds	 to	0.72	g	of	
NaHCO3.

Hazards

There	is	no	significant	hazardous	material.	However,	vin-
egar and saturated sodium chloride are mildly corrosive. 

Discussion

We discovered that having six students participate in the 
demonstration	by	swirling	all	reaction	flasks	at	once	produced	
dramatic visualization since the change in the CO2	volume could 
then	be	observed	simultaneously.	The	mass	of	NaHCO3 at the 
equivalence	point	(0.72	g	in	this	experiment)	could	be	used	to	
calculate the concentration of acid in vinegar, which was equal 
to	5.17%	(compared	to	the	concentration	of	5.36%	obtained	
by titration).

It was found that preparation of this demonstration by 
having the volume of vinegar fixed and the mass of NaHCO3 
varied is much more straightforward than having a fixed mass 
of  NaHCO3 and varying the volume of vinegar, although both 
gave similar results.

Figure 2. Demonstration setup; (top) before starting experiments and 
(bottom) upon reaction completion.

Figure 3. Volume of CO2 in the graduated cylinder versus the mass 
of NaHCO3. The position where the slope changes corresponds to 
the end point.
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In the Classroom

This	demonstration	could	also	be	used	in	the	high	school	
laboratory, as a model to introduce students to the concept of 
titration.
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Notes

	 1.	 Baking	soda	could	also	be	used	as	the	source	of	sodium	hydro-
gen carbonate. In this case the instructor may want to mention that the 
production	of	gas	is	the	same	process	used	in	baking.
	 2.	 Saturated	sodium	chloride	solution	is	used	in	this	demonstra-
tion to minimize the solubility of carbon dioxide in solution. Colored 
solution	is	for	visual	aid:	red	is	highly	recommended.
	 3.	 We	suggest	the	use	of	Parafilm	to	prepare	an	airfree	gas	trap.	
First,	completely	fill	the	graduated	cylinder	with	saturated	sodium	chlo-
ride	solution	and	then	carefully	seal	the	filled	cylinder	with	Parafilm	
to ensure that there are no air bubbles remaining in the trap. Turn the 
filled	cylinder	upside	down	and	then	immerse	the	cylinder	in	the	beaker	
containing	the	same	solution.	Finally	use	forceps	to	pull	the	Parafilm	
off.
 4. No gas bubbles should remain in the graduated cylinder and 
the	total	volume	of	the	solution	in	both	the	cylinder	and	beaker	should	
not	exceed	800	mL.
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