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Introduction 

As stated by the Le Chatlier’s Principle, when an external stress is applied to a 

system at equilibrium, the system responds by shifting its equilibrium to accommodate 

the stress. In terms of chemical systems there are three primary stresses that people 

should be familiar with: changes in concentration, changes in temperature and 

changes in pressure. In this laboratory experiment, we will focus on the first two. 

 

Purpose 

To prove Le Chatlier’s Principle and explore the effect of concentration and 

temperature on a system at equilibrium. 

 

Effect of concentration 

Material 

Chemical Used Materials Used 

1.0 M HCl 

1.0 M NaOH 

0.10 M CrO4
2- 

0.10 M Cr2O7
2- 

24-well plate 

Plastic disposable pipets 

 

Procedure 

1.Label four wells on a 24-well plate. Add 10 drops of CrO4
2- (aq) to wells #1 and #3 

and 10 drops of Cr2O7
2- (aq) to wells #2 and #4. Record the color of each solution. 

2.Add 5 drops of 1.0 M HCl to wells #1 and #2 and 5 drops of 1.0 M NaOH to wells #3 

and #4. Record the color of each solution. 

3.Add 10 drops of 1.0 M NaOH to well #1 and 10 drops of 1.0 M HCl to well #3. Record 

the color of each solution. 

 

Results 

 Well #1 Well #2 Well #3 Well #4 

Step 1: add solutions yellow orange yellow orange 

Step 2: add HCl orange orange yellow yellow 

Step 3: add NaOH yellow yellow orange orange 

 

Discussion 

To explore the effect of concentration on a system at equilibrium, we have the 

chromate/dichromate equilibrium described in the follow equation: 

2 CrO4
2- (aq) + 2 H+ (aq) ↔Cr2O7

2- (aq) + H2O (l) 

 Yellow               orange 

 

The key to distinguishing between chromate and dichromate is their color. The 



chromate is a bright yellow and the dichromate is orange. The color of the solution will 

help s to determine the dominant species present in the solution. An orange solution, 

for example, indicates that the solution contains predominately the products indicated 

in the equation above. 

Start with a test-tube of water and add a few grams of CrO4
2- and a few drops of 

acid. The system will eventually reach equilibrium and the color will stabilize. 

Depending on the amount of acid added and the temperature, the position of the 

equilibrium will vary and the solution may be yellow, orange or somewhere in between. 

Le Chatelier’s Principle predicts that if we then increase the H+ concentration the 

system will shift in the direction that will decrease, or counter balance the change 

made. In other words, we predict the reaction will use up some of the added H+ by 

shifting toward the products. And also, increasing the concentration of a substance 

causes a temporary increase in the reaction rate on that side of the equilibrium. Thus, 

this shift in the equilibrium continues until the system gradually reaches new 

equilibrium concentrations. 

This is confirmed by referring to the equilibrium constant, Kc, for the reaction. 
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By increasing the concentration of H+, the denominator increases. As a result the 

value of the reaction quotient (Q) is less than Kc and the reaction shifts to the right in 

order to reestablish the value of Kc. Eventually, the concentration of H+ and CrO4
2- will 

decrease enough and the concentration of Cr2O7
2- will increase enough that the value 

of Kc is restored, even though the concentrations have all changed. 

 

Effect of temperature 

Material 

Chemical Used Materials Used 

0.1 M CoCl2 

6 M HCl 

CaCl2 (s) 

0.1 M AgNO3 

Ice 

24-well plate 

Disposable pipets 

Large test tube 

Test tube holder 

Hot plate 

250-mL Beakers for hot/cold water baths 

 

Procedure 

Using a procedure similar to the one in Effect of concentration, devise a protocol 

for exploring the effects of adding 6 M HCl, solid CaCl2 and 0.1 M AgNO3 to 0.1 M CoCl2. 

Record all observations. 

Using a pipet, half-fill a clean test tube with 2.0 mL of 0.1 M CoCl2. Record the 

observations after performing each of the following steps: Place the test tube into a 

boiling water bath for 5 minutes. Place the test tube into a ice-bath for 5 minutes. 

 

Results 



 Well #1 Well #2 Well #3 Well #4 

Step 1: add CoCl2 pink pink pink pink 

Step 2: add solutions (Add 6 M 

HCl) 

Violet 

(Add solid 

CaCl2) 

Violet 

(Add 0.1 M 

AgNO3) 

White 

Precipitate 

(Add water) 

Less pink 

 CoCl2 solution 

Step 1: Boiling Water Bath Violet 

Step 2: Ice-Bath Pink 

 

Discussion 

Temperature, like concentration, can also influence a system at equilibrium. When 

determining the change in an equilibrium position due to changes in temperature, it 

is necessary to determine whether the reaction is endothermic or exothermic. 

Consider the reaction between Co(H2O)6
2+ and Cl-. 

Co(H2O)6
2+ (aq) + 4 Cl- (aq) ↔ CoCl42- (aq) + 6 H2O (l) ΔH>0 

  Pink                    violet 

Based on the sign of enthalpy change, we know that the forward reaction is 

endothermic and reverse reaction is exothermic. We can therefore rewrite the 

equation: 

Co(H2O)6
2+ (aq) + 4 Cl- (aq) + heat ↔ CoCl42- (aq) + 6 H2O (l) 

If the temperature of the system is then increased, the system responds by 

absorbing the heat added. This is achieved by favoring the endothermic direction. (in 

the case, the forward reaction) These new equilibrium concentrations result in a new 

value for the equilibrium constant, Kc. Again, this can be understood by examining the 

equilibrium constant for the reaction: 
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If the concentration of the reactants increase and the concentration of product 

decreases, the new value of the equilibrium constant, Kc’, will be smaller than the value 

before the system was heated. A change in temperature is the only disturbance that 

will result in a different Kc value. 

Again, the color will be used to identify the predominant species present. The 

hexaquocobaltate (II) complex is pink and the tetrachlorocobaltate (II) complex is 

violet. 

Analysis 



Original 

Solution 

Change Phenomenon Equilibrium 

Direction 

Reason Conclusion 

CrO4
2-/ 

Cr2O7
2- 

Add HCl Solution 

Become Orange 

Right Additio

n of H+ 

Change in 

concentration of 

certain species will 

shift the chemical 

equilibrium. 

Add 

NaOH 

Solution 

Become Yellow 

Left Remova

l of H+ 

CoCl2 Add 6 M 

HCl 

Solution 

Become Violet 

Right Additio

n of Cl- 

Add solid 

CaCl2 

Solution 

Become Violet 

Right Additio

n of Cl- 

Add 0.1 M 

AgNO3 

White 

Precipitate 

Formed, 

Solution 

Become More 

Pink 

Left Remova

l of Cl- 

Boiling 

Water 

Bath 

Solution 

Become Violet 

Right The 

forward 

reaction 

is 

endoth

ermic. 

When temperature 

is changed, the 

chemical 

equilibrium will be 

reached in order to 

reduce the change. 

Ice-Bath Solution 

Become Pink 

Left 

 

Conclusion 

Change in concentration of certain species will shift the chemical equilibrium. 

When temperature is changed, the chemical equilibrium will be reached in order to 

reduce the change. 

 

Reflection 

The procedure seems very sophisticated but actually very easy to be followed. 

Nevertheless, the real principle beyond this experiment is so profound that it has a 

significant role among the field of chemistry. 
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