CHM 414
Determination of Caffeine in Soft Drinks by UV-Spectrophotometry: Multicomponent Analysis

In this experiment you will again perform a multicomponent analysis similar to experiment 1. However, in this experiment you will be working in the ultraviolet region of the spectrum, i.e. UV spectrophotometry. We will again employ Beer’s law to determine the concentration of species present within an unknown sample.


Here, we will use UV spectrophotometry to determine the concentration of caffeine and benzoic acid in soft drinks.  Caffeine is added to soft drinks as a stimulant, while sodium benzoate is added as a preservative.  The chemical structures of caffeine and benzoic acid are presented below.
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All measurements will be performed in an acidic medium (pH = 2).  At pH 2, sodium benzoate will be protonated to benzoic acid.  Caffeine is neutral at this pH.


In this experiment only lightly colored soft drinks such as Mello Yellow and Mountain Dew will be used.  Similarly, diet soft drinks are avoided due to absorbance by aspartame (sweetener) that will interfere with the measurements.
Stock Solutions Provided:

1. ~ 100mg/L benzoic acid

2. ~ 200 mg/L caffeine

3. 0.10 M HCl

Procedure: 

Part 1 - Standard and Sample Preparation:

1. Prepare the following calibration standards:

a. benzoic acid: transfer the appropriate amount of the stock benzoic acid solution into 100-mL volumetric flasks containing 10.0 mL of 0.10 M HCl.  You should prepare calibration standards with the following final concentration: 2, 4, 6, 8 and 10 mg/ml benzoic acid.  Dilute to the mark with distilled water. 
b. Caffeine: transfer the appropriate amount of the stock caffeine solution into 100-mL volumetric flasks containing 10.0 mL of 0.10 M HCl.  You should prepare calibration standards with the following final concentration of caffeine: 4, 8, 12, 16 and 20 mg/mL.  Dilute to the mark with distilled water.
2. Warm ~ 20 mL of your soft drink in a beaker to expel CO2.

3. Filter the warm liquid through filter paper to remove any particles

4. Cool to room temperature and pipet 4.00 mL into a 100-mL volumetric flask.

5. Add 10.0 mL of 0.10 M HCl and dilute to the mark with distilled water.
6. Prepare a second sample in the same manner, except using 2.00 mL of soft drink instead of the 4.00 mL

Part 2 – Spectrophotometric Measurement of Standards and Unknowns: 
1. Record an ultraviolet baseline spectrum from 210 to 350 nm with water in both the sample and reference cuvets.  You are using 1.00 cm pathlength (b in Beer’s law) cuvets.
2. Record the UV spectra for each of the 10 standards using distilled water in the reference cuvet.  Note the wavelength of peak absorbance ((’max) for benzoic acid and (”max for caffeine.

3. Measure the absorbance of each standard at both wavelengths and substract the baseline absorbance (if this is not done automatically by the instrument).

4. Prepare a calibration curve of absorbance versus concentrations (M) for each compound at each of the two wavelengths.  Each graph should go through zero.  The slope of the least-squares line is the molar absorptivity of that compound at that specific wavelength.

5. Measure the UV spectrum of the 2:100 and 4:100 dilutions of the soft drink.

6. Measure the absorbance at (’max and (”max determined in step 2 above.

7. Determine the concentration of benzoic acid and caffeine in the original soft drink using the same procedure as employed in experiment 1.  Also report the results from both dilute solution.
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