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DISTURBING AN EQUILIBRIUM SYSTEM

Discussion

Many chemical reactions reach a state of equilibrium if conditions are right.  In an equilibrium system, forward and reverse reactions occur at equal rates so that no net change is produced.  When equilibrium is reached by a reaction in a test tube, it appears that changes have stopped in the tube.  Once equilibrium has been reached, is it possible to produce further observable changes in the tube?  If not, why are further observable changes impossible?  This lab provides the opportunity to observe several chemical systems.  A careful study of the observations in this experiment will provide an answer to these questions.


Purpose

The student will study factors which can disturb an equilibrium system.  The student will learn to predict what factors affect equilibrium and to predict the direction of equilibrium shift. 


Materials

Acetone							0.1 M HCl
One beral pipet						0.1 M KSCN
Bromthymol blue indicator				KSCN crystals
Calcium chloride crystals					Rock salt			
1.5 M CoCl2						0.1 M NaOH
1.5 M CuCl2						Fe(NO3)3
Crushed ice						Six 3 mL test tubes
Distilled water						Test tube holder
Ethanol							Thin stirring rod
0.1 M Fe(NO3)3						Test tube rack
Hot plate						Wash bottle
Scoopula

Teacher demonstration(or YouTube video):
2 NO2/N2O4 Demonstration tubes 			600 mL beaker of ice‑salt-water mixture
600 mL beaker of hot water on a hot plate


Procedure

Prior to the laboratory period, make a neat data table horizontally (landscape) on a separate sheet of paper for each of the systems.  Use the front of the sheet for Systems 1-3 and the back of the sheet for Systems 4-5.  Systems 2 & 3 each have 2 stressors (need 2 rows for each) and Systems 4, & 5 each have 4 stressors (need 4 rows for each).  Have the instructor to initial it before class begins!  Use the example below to design the data table.  Make sure you wear (or bring) pants and closed-toed shoes for this lab.

	System
	Disturbance
	Observed Change
	Direction of Shift

	1
	
	
	

	1
	Etc.

	
	

	1
	
	
	

	1
	
	
	

	1
	
	
	


1.	Obtain a test tube rack, six small test tubes that are clean but don’t have to be dry, and a test tube holder.  Be certain that they have been thoroughly rinsed so that no soap residue remains. The test tubes should be placed open end up in the test tube rack.

2.	A hot water bath and an ice-salt-water bath will be prepared and ready for the use of the entire class.

3.	As equilibrium systems are set up and disturbances are made to them in the procedure, enter appropriate information in each of the first three columns of the data table.

4.	Mix chemicals in test tubes with a clean, dry stirring rod.  The stirring rod must be rinsed and dried each time before it is used.


System 1:  Iron(III) and thiocyanate ions

Setting up the equilibrium

1.	Half‑fill with distilled water each of six test tubes in the test tube rack.

2.	Add one drop of 0.1 M Fe(NO3)3 and one drop of 0.1 M KSCN   to each test tube.  Mix the contents thoroughly using a thin stirring rod.

3.	The contents of each test tube should be red-orange.  Equilibrium exists in each test tube.



Chemical Equation for the Equilibrium System

			Fe3+(aq)      +      SCN‑(aq)  <‑‑‑‑‑‑>   FeSCN2+(aq)  + heat
yellowish       colorless                red‑orange
     [from Fe(NO3)3]  [from KSCN]

Disturbing the equilibrium

1.	Leave Test Tube 1 undisturbed; use it as a control.

2.	Use a clean, dry scoopula to add a small crystal or two of solid iron(III) nitrate, Fe(NO3)3, to Tube 2.  Mix.  Under Disturbance on the data table, record what was done or added to the system to cause the observed change.  In this and all other observations, pay particular attention to color and color change.  Always compare with the control tube or a slight color change may be missed.  Phrase the Observed Change portion of the data table so the kind of change observed is indicated, e.g., "lighter red" or "from grey to pink."

3.	Use a clean, dry scoopula to add one or two small crystals of solid potassium thiocyanate, KSCN, to Tube 3.  Mix and compare to the control. Record observations.

4.	Add 5 drops of 0.1 M sodium hydroxide, NaOH, to Tube 4.  Mix and compare to the control.  Observe and record.

5.	Use a test tube holder to place Tube 5 in a hot water bath.  When the contents of the tube are hot, compare to the control.  Observe and record.

6.	Use a test tube holder to place Tube 6 in an ice-salt-water bath.  When the contents of the tube are cold, compare to the control.  Observe and record.  Have the instructor check and initial the observations for steps 5 and 6.

7.	Discard all test tube contents.  Rinse the tubes with tap water; remove as much water as possible by shaking before standing the tubes upright in the test tube rack.  Follow these same disposal and rinsing procedures after the completion of each system below.

System 2: Bromthymol blue

Setting up the equilibrium

1.	Half‑fill three test tubes with distilled water. 

2.	Add three drops of bromthymol blue indicator to each test tube.  Mix thoroughly.

Chemical Equation for the Equilibrium

Bromthymol blue is a weak organic acid with a complex
formula.  For purposes of this lab, its formula can be abbreviated to Hbb.

			       HBb(aq)      <‑‑‑‑‑‑‑‑>      H+(aq)       +      Bb‑(aq)
      yellow                         colorless             blue
(Green can be observed if approximately equal amounts of yellow and blue forms are present.)

Disturbing the equilibrium
1.	To Tube 2 add two drops of 0.1 M hydrochloric acid, HCl, and mix. Compare to the control.  Observe and record.

2.	To Tube 3 add two drops of 0.1 M sodium hydroxide, NaOH, and mix.  Compare to the control. Observe and record.

3.	Explore what happens when NaOH is added to Tube 2 or HCl to Tube 3.  See whether these observations are in agreement with observations already recorded. 


System 3: Complex Ions of Copper(II) (Cu2+)

Setting up the equilibrium

1.	Place ten drops of 1.5 M copper(II) chloride, CuCl2, solution in each of five test tubes.

2.	Equilibrium has been established in the five test tubes. 

Chemical Equation for the Equilibrium

			CuCl42‑(aq)   +   4 H2O(l)  <‑‑‑> Cu(H2O)42+(aq)   +   4 Cl‑(aq) + heat
    	green soln    colorless           light blue soln     colorless

Disturbing the equilibrium

1.	To Tube 2 add a small quantity (the size of a rice grain) of solid calcium chloride, CaCl2.  Mix to dissolve the solid.  Repeat the addition and dissolving of solid CaCl2 until no more solid will dissolve.  Compare to the control. Observe and record. 

2.	To Tube 3 add enough ethanol, C2H5OH, to triple the volume of the solution.  Mix and compare to the control. Observe and record. 

3.	Place Tube 4 in a hot‑water bath.  When the solution is hot, compare it to the control.  Observe and record.

4.	Place Tube 5 in an ice‑salt-water bath.  When the solution is cold, compare it to the control. Observe and record.




System 4: TEACHER DEMO - Dinitrogen tetroxide (N2O4)

Setting up the equilibrium

Dinitrogen tetroxide, N2O4, can decompose into nitrogen dioxide, NO2, a reddish-brown, poisonous gas.  So that these substances can be worked with safely, the instructor will demonstrate this equilibrium system using two sealed tubes each containing a mixture of these substances.  
Equilibrium between N2O4 and NO2 has already been established in the tubes.

Chemical Equation for the Equilibrium

N2O4(g)      +   heat  <‑‑‑‑‑‑>   2 NO2(g)
colorless                            reddish-brown

Disturbing the equilibrium

Caution: N2O4 and NO2 in the sealed glass tubes are poisonous.  The tubes must be handled very carefully to avoid breaking them and releasing the gases.  

1.	The instructor will place one sealed tube containing the equilibrium system in a hot water bath.  When it is hot, the instructor will compare it to the unheated tube against a white background.  Record observations. 

2.	The instructor will next place the other tube in an ice‑salt-water bath.  When it is cold, the instructor will compare it to the unchilled tube against a white background.  Record observations.


System 5: Complex Ions of Cobalt(II)(Co 2+)

Setting up the equilibrium

1.	Half‑fill a test tube with 1.5 M cobalt(II) chloride, CoCl2.

2.	Use a clean beral pipet to divide the solution so five tubes contain approximately equal volumes.  Equilibrium has already been established in the solution.
Chemical Equation for the Equilibrium

		heat + Co(H2O)62+(aq) + 4Cl‑(aq)  <‑‑‑>  CoCl42‑(aq) + 6H2O(l)
       		                        red              colorless        blue            colorless
(Lighter -- red only)	(Darker -- red & blue)

Disturbing the equilibrium

1.	To Tube 2 add a small quantity (the size of a rice grain) of solid calcium chloride, CaCl2.  Mix to dissolve the solid.  Repeat the addition and dissolving of solid CaCl2 until no more solid will dissolve.  Observe and record. 

2.	To Tube 3 add enough acetone, CH3COCH3, to double the volume of the solution.  Mix, observe, and record. 

3.	Place Tube 4 in a hot water bath.  When the solution is hot, observe and record.

4.	Place Tube 5 in an ice-salt-water bath.  When the solution is cold, observe and record.

5.	Wash hands thoroughly before leaving the laboratory.





Data Analysis

Answer the questions below with complete sentences.

1.  	To complete the fourth column on the right side of the data table (headed Direction of Shift), decide whether each disturbance caused the equilibrium system to shift left or right.  Record the direction of shift in this column. Consider the equilibrium system:

   A <‑‑‑‑‑> B
                         				yellow     green

    	If a disturbance causes the system to become more yellow, chemists would say that the      equilibrium position has shifted to the “left” because the system must have moved to     produce more of the yellow molecules shown on the left side of the chemical equation.  If the system shifted to the right more green would be observed in the system.  The direction of shift is "right". 

2.   	Use the data table to find all cases where a disturbance was caused by heating.  

    	a)	How does the direction of shift relate to the side of the chemical equation on which the heat term is written?






		

    	b)	Write a rule which would allow a prediction of how other equilibrium systems would shift when disturbed in this way.








3.  	Use the data table to find all cases where equilibrium systems were disturbed by cooling.

    	a)	How does the direction of shift relate to the side of the chemical equation on which the heat term is written?








    	b)	Write a rule which would allow a prediction of how other equilibrium systems would shift when disturbed in this way.






4.  	Use the data table to examine all cases where a disturbance was caused by increasing the   concentration of a substance already present in the equilibrium system.   Hint: Adding solid Fe(NO3)3 to System 1 increases the concentration of Fe3+(aq) and NO3‑(aq) when the solid dissolves.  Adding HCl solution to System 2 increases the concentration of both H+(aq) and Cl‑(aq) in the system.  Write a rule which would explain how the direction of shift relates to the side of the chemical reaction on which the substance with increased concentration is written.







5.	In some cases the equilibrium system was disturbed by decreasing the concentration of a substance in the system.  Usually this is done by adding another substance not involved in the equilibrium which reacts with a substance in the system, changing it to a different substance.  Concentration can also be decreased by adding another solvent (acetone or alcohol) to dilute the water in the system.  Which systems in this lab were disturbed by the addition of another substance?  In each case involving a decrease in concentration, identify the substance that is decreased in concentration, on which side of the equation this substance is found, and which way the equilibrium is observed to shift.










6.         Consider cases where equilibrium was disturbed by decreasing the concentration of a substance in the equilibrium system.

a)	How does the direction of shift relate to the side of the chemical equation on which the substance with altered concentration is written?






    	b)	Write a rule which would allow a prediction of how other equilibrium systems would shift when disturbed in this way.






7.	Write a general rule that would cover all of the types of disturbances observed in this experiment.  Write the rule so it can be used to predict the effect of any temperature or    concentration disturbance on an equilibrium system.






Questions

Answer the questions below with complete sentences.

1. Explain why no visible changes can be observed when a system is at equilibrium.  Express the answer in terms of the rates of the forward and reverse reactions.








2.  	What effect would each of the following have on the rate of an exothermic reaction?  (Answer in terms of the rate of the forward reaction or the rate of the reverse reaction.)

    	a)	increasing the concentration of a reactant







 
    	b)	decreasing the concentration of a reactant 








    	c)	increasing the temperature of the system 








    	d)	decreasing the temperature of the system
