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  Experiment 22
Grignard Formation of Crystal Violet
An organometallic compound is one that contains a carbon-metal bond. The key feature of many of these compounds is that the carbon on the carbon-metal bond carries a partial negative charge. The partial negative charge on carbon makes it basic and nucleophilic; this latter property can be exploited in organic synthesis to help construct carbon-carbon bonds. Organomagnesium compounds are referred to as Grignard reagents. 
Crystal violet is a triarylmethane dye which is commonly used in general chemistry classrooms to study spectrophotometry and basic chemical kinetics. Here, you will synthesize crystal violet by preparing a Grignard reagent from the bromine-containing compound 4-bromo-N,N-dimethylaniline.[footnoteRef:1] Addition of this Grignard to diethyl carbonate followed by acid hydrolysis ultimately leads to the triarylmethane dye.  [1: Taber, D.F., R.P. Meagley, and D. Supplee, "A Colorful Grignard Reaction: Preparation of the Triarylmethane Dyes from 4-Bromo-N,N-Dimethylaniline." Journal of Chemical Education, 1996. 73(3): p. 259.] 
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OBJECTIVES
· Prepare a Grignard reagent from 4-bromo-N,N-dimethylaniline, illustrating the synthetic process of carbon-carbon bond formation. 
· Synthesize crystal violet from this Grignard reagent.
· Analyze the purity of the synthesized crystal violet spectrophotometrically.
MATERIALS
LabQuest or computer
LabQuest App or Logger Pro
absorbance spectrophotometer
cuvettes
Kimwipes®
50 mL round bottom flask
reflux condenser
filter paper
ring stand with utility clamp
vacuum filtration apparatus
anhydrous tetrahydrofuran (THF)
4-bromo-N,N-dimethylaniline
diethyl carbonate
10% hydrochloric acid (HCl) solution
magnesium filings or cut pieces of ribbon
2.5 × 10–5 mol/L crystal violet solution
Temperature Probe or thermometer
heating mantle
sand
PROCEDURE
Part I  Synthesis of Crystal Violet
1. Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. Conduct this reaction in a fume hood.
2. Prepare your 50 mL round bottom flask and reflux condenser by rinsing them with a few milliliters of dry THF. DANGER: Tetrahydrofuran, C4H8O: Highly flammable liquid and vapor. Keep away from heat, sparks, open flames, and hot surfaces. Acute toxicity, oral. Harmful if swallowed. Do not eat, drink or smoke when using this product. Serious eye damage or irritation. Causes serious eye irritation. May cause respiratory irritation. Avoid breathing vapors, mist or spray. Suspected of causing cancer. Use personal protective equipment as required.
3. Charge your flask with 0.04 g of magnesium, 2.5 mL of THF, and 0.30 g of 4-bromo-N,N-dimethylaniline. DANGER: Solid magnesium, Mg: Keep away from heat, sparks, open flames, and hot surfaces—flammable solid. WARNING: 4-bromo-N,N-dimethylaniline, C8H10BrN: Harmful if swallowed, in contact with skin or if inhaled. Causes skin irritation. Avoid breathing dust/fume/gas/mist/vapours/spray. Do not eat, drink or smoke when using this product. 
4. Using a heating mantle, gently warm the mixture to reflux at about 70°C for 30 minutes with gentle stirring by hand. Monitor the temperature using a Temperature Probe or thermometer.
· Note: Watch the reaction closely for the first 10 minutes; do not let foam enter the condenser column. If excessive foam is generated, turn down or remove from heat. 
· At this point, the dark color should lighten to an opaque gray.
· Because Mg is in molar excess, some of the Mg will remain at the bottom of the flask at the completion of the reflux.
5. Cool the flask to room temperature with an external ice water bath. Add 0.03 g of diethyl carbonate to the room temperature flask in one portion. The color of the solution in the flask should now be opaque green. WARNING: Diethyl carbonate, C5H10O3: Flammable liquid and vapour. Causes skin irritation. Causes serious eye irritation. May cause respiratory irritation. Keep away from heat, sparks, open flames, and hot surfaces. No smoking. Wear protective gloves/ protective clothing/ eye protection/ face protection.
6. Warm the mixture to reflux for an additional 5 minutes and cool again to room temperature with an external ice water bath.
7. Very slowly, one drop at a time, add 1 mL of 10% HCl solution to the mixture. This should react vigorously with the remaining magnesium. CAUTION: Hold the flask with tongs or a clamp. Do NOT hold the flask with your hand; it will be extremely hot. 
8. Vacuum filter the resulting muddy-purple mixture. 
a. Set up a vacuum filtration. Be sure to weigh and record the mass of the filter paper to the nearest 0.01 g before filtering the solid. 
b. Transfer the contents of the flask to a funnel assembly. Filter the mixture with vacuum suction. 
c. When most of the liquid has been drawn through the funnel, turn off the suction and wash the crystals with 5–10 mL of cold, distilled water. 
d. Gently transfer the filter paper with your product onto the watch glass to air dry. As directed by your instructor, either direct a gentle stream of air (low flow) to help dry the solid, or let them air dry until the next lab period.
e. Weigh the dried recrystallized product on the filter paper and record the mass to 0.01 g. Set this aside for spectrophotometric analysis.
Part II  Standard Crystal Violet Absorbance
9. To determine the purity of your synthesized material, you need to do a Beer’s law plot with a known standard first. Obtain about 10 mL of the 2.5 × 10–5 mol/L stock solution in water that has been prepared for you. 
10. Quantitatively prepare four dilutions of the crystal violet stock solution with the following concentrations: 2.0 × 10–5, 1.5 × 10–5, 1.0 × 10–5, 5.0 × 10–6 mol/L. Summarize the volumes and concentrations for the trials in the data table below. WARNING: Aqueous crystal violet: May be harmful if swallowed. May cause skin irritation and eye damage.
11. Prepare a blank by filling a cuvette 3/4 full with distilled water. 
12. Connect the spectrophotometer to the USB port of LabQuest or a computer. Choose New from the File menu of the data-collection program.
13. Calibrate the spectrophotometer with the blank.
14. Determine the optimal wavelength for analysis by collecting a full absorbance spectrum.
15. Change the data-collection mode to Events with Entry (absorbance vs. concentration).
16. Collect data for the five standard solutions. Record the absorbance and concentration values in the data table. 
17. Perform a linear regression analysis. 
18. Measure and record the absorbance of the sample and determine its concentration.
Part III  Synthesized Crystal Violet Absorbance
19. Retrieve the synthesized sample. Weigh out and quantitatively dilute a small crystal (the smallest amount you can accurately weigh out with your balance) of your synthesized crystal violet in 500 mL of water. Record these values in the table below. You will need to know exactly how much of each you are measuring with the spectrophotometer to determine the purity.
20. Measure and record the absorbance of the synthesized sample. 
a. Rinse and fill the cuvette 3/4 full with the sample. 
b. Read the absorbance value. If the absorbance value falls within the range of the crystal violet standard solutions, record it in your data table. If it does not, prepare a more dilute or more concentrated sample, depending on the absorbance value from your first test.
21. To determine the concentration of your crystal violet sample, interpolate along the regression line to convert the absorbance value of the unknown to concentration.
a. Choose Interpolate from the Analyze menu.
b. Click or tap any point along the regression curve to find the absorbance value that is closest to the absorbance reading you obtained in Step 20. The corresponding crystal violet concentration, in mol/L, will be displayed to the right of the LabQuest graph, or on your Logger Pro graph.
c. Record the concentration of crystal violet in your data table. 
22. Discard all solutions as directed.
DATA TABLES
Part I  Synthesis of Crystal Violet
	Mass of 4-bromo-N,N-dimethylaniline used (g)
	 

	Mass of diethyl carbonate used (g)
	 

	Mass of crystal violet and filter paper (g)
	 

	Mass of filter paper (g)
	 

	Mass of crystal violet synthesized (g)
	 


Part II  Standard Crystal Violet Absorbance
	Trial
number
	Volume of crystal violet stock
 (mL)
	Volume of water
(mL)
	Concentration
(mol/L)
	Absorbance reading

	1
	 
	 
	 
	 

	2
	 
	 
	 
	 

	3
	 
	 
	 
	 

	4
	 
	 
	 
	 

	5
	 
	 
	 
	 


Part III  Synthesized Crystal Violet Absorbance
	Mass of crystal 
violet used 
(g)
	Volume of water
used in dilution 
(mL)
	Concentration
(mol/L)
	Absorbance reading

	 
	 
	 
	 


DATA ANALYSIS
1. Determine your product yield. 
2. Determine your product purity based on your spectroscopy results. 
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