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LeChatlier's Principle and Chemical Equilibrium: Cobalt(ll) Complexes

**Instructions: You may work in groups of four, but the results should be yours. Please write your name
and your group members in the space provided at the end of the lab report. It is highly recommended
to watch the introductory video linked below before starting**

Purpose: To understand LeChatlier’s principle and visualize the dynamic nature of a chemical equilibrium
through the observation of the effects of concentration and temperature on the equilibriums of various
cobalt(ll) complexes

Background: Le Chatelier's Principle states that if an equilibrium system is subjected to a stress, the system
will react to remove the stress. To remove a stress, a system can only do one of two things: 1) shift the
equilibrium to the right by forming more products using up reactants or 2) shift the equilibrium to the left
by forming more reactants using up products. In this experiment you will form several equilibrium systems
between two different cobalt(ll) complexes, and by putting different stresses on the systems, you will
observe how equilibrium systems react to a stress.

Cobalt(ll) complexes show various colors depending on their anion. In water, blue color cobalt(ll) chloride
([CoCl4)?) turns to a pink color hydrated complex ion ([Co(H20)s]?*) solution because four chloride ions in
the complex are replaced by water molecules. In this process, water molecules act as Lewis bases (electron
pair donors), which donate electrons into the vacant orbitals of the cobalt(Il). We use their color changes
to indicate the equilibrium shifts upon perturbations in the following reaction.

[Co(H20)6)*(aqg) + 4 Cli(ag) = [CoCls)*(aq) + 6 H,O(l)
Pink color Blue color

Link to virtual lab:
http://chemcollective.org/vlab/85

Link to introductory video:
http://www.chemcollective.org/chem/common/viab walkthrouh html5.php

Procedure
Part |

1. Go to the stockroom and place 1M CoCl; solution flask and 12M HCI flask on the work bench. You
can find them under the Solutions tab (Cobalt(ll) chloride exp. solution). Label the 1M CoCl; flask
as [Co(H,0)s)*(aq) solution (right click on the flask to rename).

Note: When CoCl, dissolved in water it forms a pink color [Co(H20)s]**(aq) complex (refer to the
background section for more details).


http://chemcollective.org/vlab/85
http://www.chemcollective.org/chem/common/vlab_walkthrouh_html5.php
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Again, go to the stockroom and place a 250 mL Erlenmeyer flask, a 10 mL pipette, and a 25 mL
pipette on your work bench. All of these can be found under the Glassware tab.

Now, transfer 25.00 mL of [Co(H.0)s]**(aq) solution into the empty 250 mL Erlenmeyer flask using
the 25 mL pipette. Label the flask as “Sample A” and record the initial color of the solution.

Fill the 10 mL pipette with 12M HCl and transfer the acid into the “Sample A” flask.

Repeat step 4 three more times until the added total volume of 12M HCI becomes 30 mL and
record your observations on the provided lab report.

Now, place the distilled water flask on your work bench.

Record the color of the solution in “Sample A” flask before adding water. Then, fill the 25 mL
pipette with water and drop the water into “Sample A” flask.

Repeat step 7 one more time and record your observations.

After recording all your observations, clear your work bench.

Go to the stockroom and place 1M CoCl, solution flask, 12M HCI, and 6M AgNOs on the work
bench. Do not forget to label the 1M CoCl, flask as [Co(H.0)s]**(aq) solution.

Place a 250 mL Erlenmeyer flask and two 25 mL pipettes on your work bench. All of these can be
found under the Glassware tab.

Now, transfer 25.00 mL of [Co(H,0)s]**(aq) solution into one empty 250 mL Erlenmeyer flask using
the 25 mL pipette. Label the flask as “Sample B”.

Record the initial temperature of the solution in Sample B (you can find this under “information”
on the left side of the virtual lab window). After, thermostat the flask to avoid heat transfer to the
surroundings (right click on the flask, select thermal properties, check the box in front of
“insulated from surrounding” and hit ok).

Now, add 25 mL of 12M HCl into the “Sample B” flask and record the final temperature and color
change of the mixture.

Then, add 25 mL of 6M AgNO; solution into the same “Sample B” flask and record your
observation. Do not forget to record the color of the solution in “Sample B” before you add 6M
AgNOs.

Repeat step 15 one more time.



Results

Part I: Effect of Reactant Concentration on Equilibrium

1. Adding HCl:

a. Record your observations

Initial color of [Co(H,0)s)?* solution in “Sample A” (Before
adding HCl)
Run # Added Volume of HCI Color Change
Addition 1
Addition 2
Addition 3

b. Explain the effect of adding HCl on the equilibrium of the reaction.

2. Adding H,0:
a. Record your observations

Initial color of “Sample A” (Before adding H,0)

Run #

Added Volume of H,0

Color Change

Addition 1

Addition 2

b. Explain the effect of adding H,O on the equilibrium of the reaction.




Part i

3. Effect of temperature on equilibrium
a. Record your observations
i. Initial temperature of Sample B

ii. Final temperature of Sample B (after addition of HCI)

iii. Color change

b. Is the given reaction exothermic or endothermic? Apply LeChatlier’s principal to determine
if it is exothermic or endothermic.

4. Effect of removing chloride ions
a. Record your observations

Initial color of “Sample B” (Before adding AgNOs)

Run # Added Volume of AgNO3 Color Change

Addition 1

Addition 2

b. Explain the effect of adding AgNOs (removal of CI" ions) on the equilibrium of the reaction.

Name of other group members

1.
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