CHEMICAL EQUILIBRIUM AND LE CHATELIER’S PRINCIPLE

NAME:__________________________________________ COURSE:______ PERIOD:____

Prelab

1. Consider the equilibrium: PCl3 (g)  + Cl2 (g)  (  PCl5 (g)

(Ho = -111 kJ

Predict the effects of the following:

	Change
	Direction of the shift in the position of the equilibrium

(forward, reverse, no shift)
	Effect on the equilibrium concentration of PCl5
(increase, decrease, no change)

	Addition of PCl3

	
	

	Removal of Cl2

	
	

	Removal of PCl5

	
	

	Decrease in the volume of the container
	
	

	Addition of He without a change in volume of the container
	
	

	Decrease in Temperature (the volume of the container is held constant)
	
	


2. Given the equilibrium: H2 (g) + CO2 (g) ( H2O (g) + CO (g)

(Ho = +50 kJ 

Predict the effects of the following:

	Change
	Direction of the shift in the position of the equilibrium

(forward, reverse, no shift)
	Effect on the equilibrium concentration of H2
(increase, decrease, no change)

	Addition of CO2

	
	

	Addition of H2O


	
	

	Addition of a catalyst


	
	

	Increase in temperature (the volume of the container is held constant)
	
	

	Decrease in the volume of the container
	
	


CHEMICAL EQUILIBRIA: LeCHATELIER'S PRINCIPLE

0bjectives: (1) To observe the changes occurring in equilibrium systems when they are subjected to various stresses or disturbances. (2) To observe changes which result from LeChatelier's Principle.
Introduction: All reactions are reversible and many reactions do not go to completion. In every reaction, some amount of each reactant and product is always present, though it may be such a small amount as to be difficult to detect. We express reactions as: 

aA + bB ( cC + dD.

In a closed system, if the temperature and pressure are constant the system will reach equilibrium. This equilibrium is a dynamic state in which the forward and reverse reactions take place at the same time and at the same rate. A and B are producing C and D at the same rate that C and D are producing A and B thereby keeping the concentrations of A, B, C, and D constant.

A chemical system at equilibrium can be disturbed by subjecting the system to a stress such as a change in the concentration of one of the reactants or products, or a change in the temperature of the system. The concentration of an ion can be increased by adding a compound containing that ion, and the concentration of an ion can be decreased by removing it in the form of a molecular species (such as H2O), a complex ion (FeCl4-1), or a precipitate (AgCl). 

Each of four different chemical equilibrium systems is tested to determine how its position of equilibrium changes when the system is subjected to an imposed stress, for example, a change in the concentration of a reactant or a product, or in temperature, etc. You will interpret the observations using LeChatelier’s Principle.

LeChatelier's Principle: When a stress is applied to a chemical system that is at equilibrium, the equilibrium will be disturbed and the system will shift in the direction which minimizes the effect of the applied stress and establish a new and different equilibrium. 

In this experiment you will investigate the following four equilibrium systems:

(1) Fe +3(aq)   + SCN- (aq)   (   Fe (SCN)+2 (aq) 
     yellow      colorless              blood red

    Iron(III)     Thiocyanate        Thiocyanatoiron(III)

(2) Cr2O7-2(aq) +  H2O(l)   (   2 CrO4-2(aq) + 2 H+(aq)
      red-orange                        yellow

      Dichromate                      Chromate

(3) CoCl4‑2(aq)   + 6H2O  (  Co(H2O)6 +2(aq)  + 4 Cl-(aq)
        blue                                   pink

 tetrachlorocobaltate ion       hexaaquacobalt(II) ion    

(4) 2NO2(g)         (        N2O4(g)
        brown                   colorless

Nitrogen dioxide         Dinitrogentetroxide

You will subject these equilibrium systems to various stresses and determine the effects on the equilibrium position by observing the color changes that result.

Procedure:

Equilibrium System (1): 

(Note: you have both 0.01 M and 0.1 M solutions, so read the labelscarefully!)
Fe +3(aq)    +   SCN-1 (aq)   (   Fe (SCN)+2 (aq) 
In each of four wells of the tray, place 5 drops of 0.010 M KSCN and 5 drops of 0.010 M Fe(NO3)3. Mix by gently shaking the tray. The solutions should be blood red and equal color intensity. Add 5 drops of H2O to well #1 and use it as a color comparison standard.

Add reagents as specified below and mix after each addition. The concentrations of these solutions are 0.10 M, 10 times as concentrated as the original solutions.

Well # 2: add 5 drops of 0.10 M Fe(NO3)3
Well # 3: add 5 drops of 0.10 M KSCN 

Well # 4: add 4 drops of 0.10 M AgNO3
Observe and record any precipitates formed or changes in color intensity by comparison with the control or standard in well #1. Decide how the iron(III)-thiocyanate equilibrium has shifted in each case and note the reason for the shift.

Equilibrium System (2):
Cr2O7-2(aq) +  H2O(l)  (  2 CrO4-2(aq) + 2 H+1(aq)
Dichromate                   Chromate

Place 5 drops of 0.10 M K2Cr2O7 in well #1. Add 6 M NaOH drop-wise until a color change occurs. (Remember to shake gently to mix.) Record your observations.

Place 5 drops of 0.10 M K2CrO4 in well #2. Add 6 M HNO3 drop-wise until a color change occurs. (Remember to shake gently to mix.) Record your observations.

Decide how the dichromate-chromate equilibrium has shifted and the reason for each shift observed.

Equilibrium System (3):
CoCl4‑2(aq)   + 6H2O (l)   (   Co(H2O)6 +2(aq)  + 4 Cl-1(aq)
Using a graduate cylinder, measure out 10 mL of ethanol and place it in a small beaker. Swirl while adding a small amount of solid cobalt(II) chloride (about one half inch on the tip of a spatula) until a blue color develops. After the solid has completely dissolved, add water drop-wise until the solution just turns pink (no more excess than can be avoided)

Place enough of the pink solution in each of two wells to half fill them and then follow the instructions below. Save the remaining solution in your beaker.

Well #1: Add drop-wise enough 12 M HCl while mixing until there is a color change. Record this observation. Add water drop-wise with mixing until there is a color change.  Record this observation. Decide on the direction of each shift and the cause of the observed shifts in equilibrium.

Well #2: Add drop-wise enough 12 M HCl while mixing until a color change occurs, as in the previous well. . Record this observation. Add 0.10 M AgNO3 while mixing until another color change occurs. Record this observation. Decide on the direction of each shift and the cause of the observed shifts in equilibrium.

Place the small beaker containing the remaining pink solution on a hotplate and warm until a color change occurs. Then chill the beaker in an ice bath. Record the observations on heating and cooling the cobalt(II) chloride equilibrium. Decide on the direction of each shift and decide whether the reaction as written above is endothermic or exothermic in the forward direction.

Equilibrium System (4):
2NO2(g)   (   N2O4(g)
NO2 gas is a reddish-brown gas whereas N2O4 gas is colorless. Place the sealed tube containing a mixture of the gases at room temperature first in a warm water bath, then in an ice bath. Observe the changes and record observations. Decide on the direction of each shift and decide whether the reaction as written is endothermic or exothermic in the forward direction. 
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Data Tables

Observations: For each of the following, record your observations and the shift(s) in equilibrium and explain each, the source of stress and the system's change to minimize it.

1) Fe +3(aq)  + SCN-1 (aq) ( Fe (SCN)+2 (aq) 
	Reactants Added
	Color Change
	Direction of Shift in the Equilibrium

(forward or reverse)
	Reason for the Shift

	0.10M Fe(NO3)3


	
	
	

	0.10M KSCN


	
	
	

	0.10M AgNO3


	
	
	


2) Cr2O7-2(aq) +  H2O(l)   (  2 CrO4-2(aq) + 2 H+1(aq)
	Reactants Added
	Color Change
	Direction of Shift in the Equilibrium

(forward or reverse)
	Reason for the Shift

	0.10M K2Cr2O7
+ 6M NaOH


	
	
	

	0.10M K2CrO4
+ 6M HNO3

	
	
	


3) CoCl4‑2(aq)   + 6H2O (l)   (  Co(H2O)6 +2(aq)  + 4 Cl-1(aq)
	Reactants Added
	Color Change
	Direction of Shift in the Equilibrium

(forward or reverse)
	Reason for the Shift

	12 M HCl

	
	
	

	H2O


	
	
	

	12 M HCl

	
	
	

	0.1M AgNO3

	
	
	


	Temperature Change
	Color Change
	Direction of Shift in the Equilibrium

(forward or reverse)
	Reason for the Shift

	Beaker Heated


	
	
	

	Beaker Cooled


	
	
	


Is the reaction endothermic or exothermic in forward direction? ___________________

Explain how you made this conclusion.

4) 2NO2(g)   (   N2O4(g)
	Temperature Change
	Color Change
	Direction of Shift in the Equilibrium
	Reason for the Shift

	Tube Heated


	
	
	

	Tube Cooled


	
	
	


Is the reaction endothermic or exothermic in forward direction? ___________________

Explain how you made this conclusion.
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