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Spectroscopy can be used to determine the concentration of a substance in an aqueous solution. Spectroscopy can also be used to measure the progress of a chemical reaction. In this investigation, the objective is to use spectroscopy to learn more about a chemical reaction. Further, the results of your investigation should provide sufficient evidence to describe the kinetics of a reaction and write the rate law.
The rate law of a chemical reaction describes, in equation form, the effect each reactant has on the progress of the reaction. For a generic reaction equation, A + B → C + D, the rate law is written as rate = k[A]x[B]y, where the exponents x and y refer to the order of the reaction with respect to the given reactant. The order of a reactant is established by determining the effect of concentration of a reactant on the rate at which the reaction proceeds. Commonly, order is determined to be zero, first, or second, and expressed in the rate law as an exponent of 0, 1, or 2.
When a solution of the organic indicator crystal violet reacts with a solution of sodium hydroxide, one of the results of the reaction is a color change. The purple color of the crystal violet solution disappears as the reaction proceeds to conclusion. How and why a chemical reaction proceeds in a certain manner is part of the study of chemical reactions called kinetics.
In the Initial Investigation, you will use a Vernier SpectroVis Plus Spectrophotometer to measure the absorbance of a series of standard solutions of crystal violet. With that information, you will devise a plan for conducting the reaction between solutions of crystal violet and sodium hydroxide, from which the rate law, with respect to crystal violet, can be written.
PRE-lAB ACTIVITY
Consider the graph of the absorbance spectrum of a 2.5 × 10–5 M crystal violet solution shown in Figure 1.

Figure 1   
1. What is the best (optimal) wavelength, or wavelength range, at which to measure the absorbance of a set of five crystal violet solutions, if the maximum concentration is 
2.5 × 10–5 M?
2. In the Initial Investigation, you will prepare five solutions of crystal violet and measure the absorbance of the solutions at the wavelength you selected in Question 1. You will need 10 mL of each solution. Complete the Table 1 to help you plan for the Initial Investigation.
	Table 1

	Concentration
(mol/L)
	Volume 2.5 × 10–5 M crystal violet
(mL)
	Volume distilled water
(mL)

	2.5 × 10–5
	10.0
	0.0

	 
	 
	 

	 
	 
	 

	 
	 
	 

	 
	 
	 


3. Conduct research to find and write the balanced equation for the reaction between aqueous solutions of crystal violet and sodium hydroxide.
4. Conduct research to find and write the rate law for the reaction between aqueous solutions of crystal violet and sodium hydroxide. Explain all the components of the rate law.
INITIAL INVESTIGATION
In the Initial Investigation, you will measure the absorbance of a set of crystal violet solutions at a given wavelength.
1. Obtain and wear goggles.
2. To prepare the samples, obtain small volumes of 2.5 × 10–5 M crystal violet solution and distilled water. Prepare a set of serial dilutions of the stock crystal violet solution according to Table 1 that you prepared in Pre-Lab Question 2. WARNING: Aqueous crystal violet: May be harmful if swallowed. May cause skin irritation and eye damage.
3. 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.
4. Set up the spectrophotometer and data-collection software. 
a. Launch Spectral Analysis. 
b. Connect the Go Direct SpectroVis Plus Spectrophotometer to your Chromebook, computer, or mobile device.
c. Click or tap Absorbance vs. Concentration.
5. Calibrate the spectrophotometer.
a. Place the blank cuvette in the spectrophotometer.
b. Select Finish Calibration. Note: If necessary, wait for the spectrophotometer to warm up before selecting Finish Calibration.
6. Determine the optimal wavelength for crystal violet.
a. Remove the blank cuvette from the spectrophotometer. Refill the cuvette with the solution of crystal violet with the lowest molar concentration.
b. The live graph will update with the spectrum of the sample. Click or tap the desired wavelength or enter the Wavelength. Click or tap Done.
7. Collect absorbance-concentration data for the crystal violet standard solutions.
a. With the cuvette of crystal violet solution still in the spectrophotometer, start data collection.
b. After the value displayed on the screen has stabilized, select Keep and enter the concentration in mol/L. Select Keep Point. The absorbance and concentration values have now been stored for the first crystal violet solution.
c. Remove the cuvette, pour out the solution, and rinse the cuvette. Refill the cuvette with a new crystal violet standard solution. Place the cuvette in the spectrophotometer.
d. After the value displayed on the screen has stabilized, select Keep and enter the concentration in mol/L. Select Keep Point.
e. Repeat the necessary steps to store concentration values for the remaining standard solutions.
f. After the final standard solution has been measured, stop data collection.
planning for the final investigation
Based on the results of the Initial Investigation, develop a method for measuring the change in the concentration of a crystal violet solution as it reacts with sodium hydroxide. The objective is to collect data that is sufficiently valid and reliable to help describe and quantify the kinetics of the reaction. Keep in mind that the color of the solution will slowly fade as the reaction proceeds. Consider the following issues as you develop your plan:
· What is the linear fit (best fit line) equation for the set of crystal violet standards measured in the Initial Investigation? What does the slope of this line tell you about the standard solutions?
· What is the relationship between the molar concentration of a crystal violet solution and its absorbance of a specific wavelength of visible light?
· How does the testing of a series of standard solutions help describe what will happen during a reaction where the color of a solution is disappearing?
· How quickly, or slowly, should a reaction proceed in order to achieve the best readings of its change in color?
· In the Initial Investigation, the molar concentration of the NaOH solution was orders of magnitude more concentrated than the crystal violet solution. How does this affect the tests you need to run to determine the order of the reaction with respect to NaOH?
Your plan should provide sufficient data to write the rate law for the reaction between aqueous solutions of crystal violet and sodium hydroxide. WARNING: Sodium hydroxide solution, NaOH: Causes skin and eye irritation. 
final investigation
As you carry out your approved plan, consider the following points
· You should collect data in absorbance vs. time mode.  To change modes, click or tap File, , and choose New Experiment. Click or tap Absorbance vs. Time. 
· The default parameters for time-based data collection are a duration of 200 seconds and a rate of 2 seconds per sample. It is wise to lengthen the duration to ensure that all the necessary absorbance readings are collected.
· Confirm that you are using the correct wavelength for your Final Investigation. If you need to change the wavelength, click or tap the Absorbance meter. The live graph will update with the spectrum of the sample. Click or tap the desired wavelength or enter a value for the Wavelength. Click or tap Done.
ANALYZing RESULTS
When preparing your report, include
· A statement of the results: What is the rate law for the reaction between solutions of crystal violet and sodium hydroxide?
· A description of the testing method used to determine the order of the reaction with respect to crystal violet 
· A description of the method used to determine the order of the reaction with respect to sodium hydroxide 
· An analysis of the data and calculations leading to the determination of the value of the rate law constant, k
Additional items to consider including in your report
· A comparison of your results with those of other groups
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
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