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LeChatelier’s Principle
This investigation will take advantage of your knowledge of LeChatelier’s Principle. It may also deepen understanding of equilibrium in general. The objective is to prepare six equilibrium systems in a set of test tubes that display the colors red, orange, yellow, green, blue, and violet.
A bit about LeChatelier’s Principle. In LeChatelier’s words, this principle is stated:
Any system in stable chemical equilibrium, subjected to the influence of an 
external cause which tends to change either its temperature or its condensation 
(pressure, concentration, number of molecules in unit volume), either as a whole 
or in some of its parts, can only undergo such internal modifications as would, if 
produced alone, bring about a change of temperature or of condensation of 
opposite sign to that resulting from the external cause.
An alternate form of LeChatelier’s Principle is as follows: In chemistry, when a system at equilibrium is changed, the equilibrium will shift to counteract the change.
Pre-lab activity
Apply your knowledge of LeChatelier's Principle to acid-base indicators. An example of an acid–base indicator is a solution of phenol red, phenolsulfonephthalein. Phenol red is a yellow color in acidic solutions, and a red color in basic solutions.
1. For example, consider a solution of 0.15 M acetic acid to which several drops of phenol red indicator have been added. Identify the chemical species that will exist in this mixture when you add 0.10 M sodium hydroxide solution. To view the structure of phenol red, visit the website chemfinder.com.
2. You will also need to use your understanding of absorption spectroscopy, which uses white light to determine the colors (wavelengths) a chemical sample absorbs and transmits. White light is composed of all colors of visible light. If a molecule in a solution absorbs certain wavelengths of visible light, the solution appears colored. A color wheel can be used to predict the appearance of the solution. The human eye detects the light that is transmitted (not absorbed) by the solution. Therefore, when a species absorbs light of a certain color, the solution appears to our eye to be the complementary color of the light absorbed. The color wheel shows how colors are related with the complementary color on the opposite side of the wheel. Thus, if a species absorbs orange light between 590 and 630 nm, the solution containing that species would be seen as blue.
Use a color wheel to predict the wavelength range the acid and base forms of phenol red indicator will have.
initial investigation
In the Initial Investigation, you will use a pH Sensor and a Vernier SpectroVis Plus Spectrophotometer to perform testing that illustrates the concepts of speciation and equilibrium.
1. Obtain and wear goggles. 
2. Obtain small amounts of the solutions of phenol red and 0.1 M NaOH sodium hydroxide. WARNING: Sodium hydroxide solution, NaOH: Causes skin and eye irritation. 
3. Connect a pH Sensor to a computer interface. Open Logger Pro and choose New from the File menu.
4. Measure out a small volume of the phenol red solution into a beaker. Use the pH Sensor to measure the pH of the phenol red solution and carefully add 0.1 M HCl solution until the pH of the mixture is ~2. DANGER: Hydrochloric acid solution, HCl: Causes severe skin and eye damage. Do not breathe mist, vapors, or spray. May cause respiratory irritation. May be harmful if swallowed.
5. In a second beaker, measure out a small volume of the phenol red solution. Use the pH Sensor to measure its pH and carefully add 0.1 M NaOH solution until the pH of the mixture is ~10.
6. Prepare a blank by filling a cuvette 3/4 full with distilled water. To correctly use cuvettes, remember:
· Wipe the outside of each cuvette with a lint-free tissue.
· Handle cuvettes only by the top edge of the ribbed sides.
· Dislodge any bubbles by gently tapping the cuvette on a hard surface.
· Always position the cuvette so the light passes through the clear sides.
7. Set up the spectrophotometer. 
a. Disconnect the pH Sensor.
b. Connect the SpectroVis Plus Spectrophotometer to your computer. In Logger Pro, choose New from the File menu.
8. Calibrate the spectrophotometer.
a. Place the blank cuvette in the spectrophotometer.
b. Choose Calibrate ►Spectrometer:1 from the Experiment menu.
c. After the spectrophotometer warms up, select Finish Calibration, and then select OK.
9. Measure the absorbance spectra of your samples.
a. Remove the blank cuvette from the spectrophotometer. Refill the cuvette with your sample of acidic phenol red (from Step 4).
b. Start data collection. A full spectrum graph of the solution will be displayed. Stop data collection.
c. To store the run, choose Store Latest Run from the Experiment menu.
d. Repeat Parts a–c to measure the absorbance spectrum of the basic phenol red sample (from Step 5). 
10. Compare your absorbance spectra with spectra taken by other groups.
planning for the final investigation
Discuss the results of your Initial Investigation to help develop a plan to prepare a set of six equilibrium systems that include the following colors: red, orange, yellow, green, blue, and violet. Your instructor will provide you with substances to use in preparing a set of equilibrium systems. Consider the following issues as you develop your plan:
· The ranges of the available indicator solutions to produce a desired color
· The type and concentration of acid and base solutions needed to produce a desired pH
· Other types of equilibria that produce colored mixtures
· How an absorbance spectrum helps describe an equilibrium system
· The nature of LeChatelier's Principle
· Additional stresses that influence chemical reactions and equilibria
· Total volumes of the systems that you will prepare
final investigation
As you carry out your approved plan to prepare six aqueous equilibrium mixtures, each with a different color of the rainbow, consider the following questions:
· Does your written procedure contain sufficient detail that another group could follow your procedure and successfully prepare six equilibrium mixtures?
· What types of data are needed to support your work?
· Which species in each mixture was the most important in establishing the color of the liquid?
analyzing results
When preparing your report, include
· A statement of the results: Present a set of six equilibrium mixtures that demonstrate the use of LeChatelier’s Principle.
· The testing method used to establish each equilibrium mixture to produce a specific color
· Analysis of graphs and sample calculations supporting the equilibrium systems developed in the six mixtures
· Writing an equilibrium equation describing each mixture
Additional items to consider including in your report
· A comparison of your results with the results from other groups
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
· A discussion of unexpected results or problems encountered in achieving your objective
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