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Spectroscopic Study of Wine
The concentration of dissolved substance in a solution can be determined using spectrometry by evaluating the relationship between absorbance and concentration. This relationship is known as Beer’s law. However, the substance in question must be able to absorb light in a region where the spectrometer operates, thereby authenticating the solution to have a distinct color. The objective of this experiment was to determine the concentration of ethanol in wine. While most wines are colored, the color does not result from the concentration of ethanol and therefore its concentration cannot be established by simply putting the solution in the spectrometer and measuring its absorbance. Aqueous ammonium hexanitrato cerium(IV) is a chemical that is used to react with ethanol to produce a colored intermediate product, which allows for the determination of ethanol concentration. The reaction forms a red ethoxy-cerium(IV) complex in solution and the reaction stoichiometry is 1:1. Therefore, the concentration of ethoxy-cerium (IV) will be equal to the concentration of ethanol in the wine as long as the ethanol is the limiting reagent.
Part A – Picking a Wavelength for Wine Analysis
1. The cerium (IV) solution used in this experiment is orange/yellow. What wavelength of light
does it transmit the most? What wavelength does it absorb the most?
[bookmark: _GoBack]According to the color wheel, the cerium (IV) solution will transmit light in the wavelength of between 560- 630 nm, which is transmit the orange and yellow spectrum. It will absorb the wavelength of light in the range of 400 – 480, which complementary to the orange and yellow light.
2. The reaction of cerium (IV) with ethanol forms a deep red ethanol-cerium complex solution.
What wavelength of light does it transmit the most? What wavelength of light would you use
to measure the maximum absorbance?
According to the color wheel, the wavelength of light that will be transmitted by the red ethanol-cerium complex solution will be in the range of 630-750 nm, which corresponds to the red light. The wavelength of light that will would be used to measure maximum absorbance would be the one complementary to the red light, which is between 480-560 nm.
Part B – Colorimetric Analysis of Wine
Calculate the volumes needed to prepare 10.00mL of four standard ethanol solutions;
1.00%, 3.00%, 5.00%, and 8.00% ethanol in water from a 10.0% (v/v) alcohol in water stock
solution. 
For 10 mL solution with 1% ethanol, the volume of ethanol will be 0.01 x 10
= 0.1 mL
The stock solution is 10.0% alcohol.
Therefore, the volume that would have 0.1 mL alcohol will be 0.1 x 10
= 1 mL
	Ethanol Concentration (%)
	Volume of Stock Solution
	Volume of Deionized water

	1.00
	1
	99

	3.00
	3
	99

	5.00
	5
	99

	8.00
	8
	99



Data Analysis
	Ethanol Concentration (%)
	Absorbance

	0.00
	0

	1.00
	0.056

	3.00
	0.175

	5.00
	0.345

	8.00
	0.545

	10.00
	0.667

	W
	0.448


1. Plot the sample data in Table 2 in Excel according to Beer’s Law. Make sure to include a (0, 0) point. Perform a linear regression and display the equation for the line and R2 value on the graph.

2. Using the equation of your line, calculate the concentration of ethanol in your wine
sample.
A = e l c
y = 0.1049x – 0.1
Rearrangement to the ethanol concentration “x” results in:
x = (y + 0.1) / 0.1049
Inserting the absorbance of the unknown sample results in:
x = (0.448 + 0.1) / 0.1049
= 5.22
Factoring that the actual wine had been diluted by half, the actual wine concentration will be
5.22 x 2 
= 10.4 %
3. Calculate the percent error for % ethanol of wine sample. The accepted value for the wine sample is 12.5% 
(10.4-12.5) /12.5 *100
= 16.8 %
Post Lab Questions
1. What is the general relationship between the variables for this graph?
Based on the graph, absorbance and concentration of ethanol have a direct relationship. As the concentration increases, the absorbance also increases.
2. Write the numerical value of the slope with appropriate units.
0.1049 mol L-1
3. Write the numerical value for the y-intercept with appropriate units?
0.1 
4. What is the scientific meaning of the slope?
The slope denotes the rate of change of absorbance as affected by the change in concentration.
5. What is the scientific meaning of the y-intercept?
This is the value of absorbance when concentration will be zero.
6. The general equation for a line is y = mx + b. Write the specific equation for this line
substituting appropriate variables for x and y, and using your numerical values for the slope and
the y-intercept.
y = 0.1049x – 0.1
7. Using your equation of the best fit line, calculate the absorbance for a solution containing
24% alcohol.
Concentration is denoted by x while absorbance is denoted by y.
 y = 0.1049 (24) – 0.1
= 2.4176
8. Using your equation of the best fit line, calculate the percent alcohol for a solution with an
absorbance of 1.90.
Concentration is denoted by x while absorbance is denoted by y.
y = 0.1049x – 0.1
x = (1.90 + 0.1) / 0.1049
= 19.07 %
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