EXPERIMENT           Fluorescence Determination of Quinine in Tonic Water
(legacy work)

(1) Introduction

Have you ever been to a night club and noticed someone’s gin and tonic glowing a pale blue color?  That glow is due to the presence of quinine, a flavoring agent added to tonic water.  Originally added to prevent malaria, today's carbonated beverages contain a maximum of 83 mg/L quinine (set by the FDA).  While today's levels of quinine won't protect you against mosquito-born illnesses, it does provide the distinctive flavoring of the popular mixer.  The following method outlines how quinine concentrations can be accurately determined using fluorometry.  

This experiment is adapted from James O'Reilly, J. Chem. Educ., 52:9, 610 (1975) and Armando M. Rivera-Figueroa, et al, J. Chem. Educ.  81:2, 242 (2004).

(2)  Background and Reference Material

The reference texts listed in this manual can be used to find more information about the instrumentation and general concepts associated with fluorescence spectroscopy.  In the Introduction section of your lab report, include and discuss a block diagram of the instrument.  Also discuss the relationship between emission spectrum and excitation spectrum, methods for determining the limit of detection, and quenching.  

(3)  Experimental Procedures

1. First, prepare a 100 mg/L quinine stock solution by combining 10 mg quinine and 5 mL of 1 M H2SO4 in a100 mL volumetric flask.  (Always add acid to water.) Dilute to the mark with deionized water.  

2. Prepare 500 mls of 0.05 M H2SO4. 

3. Prepare a 10 mg/L standard by diluting the 100 mg/L standard with 0.05 M H2SO4.
4. Prepare 0.0, 0.5, 1.0, 2.0, 3.0 and 4.0 mg/L quinine calibration standards by diluting the 10 mg/L stock solution with 0.05 M H2SO4 using 10 mL volumetric flasks. 

Determine Detection Limit.  Before zeroing the fluorometer, measure the % fluorescence of your blank 20 times.  Use this data to calculate the Limit of Detection.  Then, zero the machine with your blank and measure the % fluorescence of your standard solutions. 

Analyze Standards and Construct a Calibration Curve.  Use the Scan mode of the fluorometer and an excitation wavelength of 350 nm to determine the appropriate maximum wavelength.  Switch to the Simple Reads mode to analyze the freshly prepared calibration standards.  Use 350 nm as the excitation wavelength (Ex) and use the maximum wavelength obtained in the Scanning Mode as the emission wavelength (Em). Construct a plot of intensity versus concentration for the quinine standards.  

Prepare and Analyze Samples.  Next, prepare the tonic water sample for analysis.  Dilute the sample 10X, 20X, 50X, 100X, etc. using 0.05 M H2SO4 to span various concentrations ranges.  Determine the fluorescence of the sample using the same settings as for the standard curve.  Standards and sample solutions should be prepared and analyzed the same day.

Investigating Fluorescence Quenching
1. Prepare 50 mLs of a 1000 mg/L solution of NaCl in 0.05 M H2SO4.

2. Using the 10 mg/L quinine standard solution, prepare the following dilutions in 10 ml volumetric flasks using 0.05 M H2SO4 

	Volume 10 mg/L quinine solution

(ml)
	NaCl solution

(mls)
	0.05 M H2SO4

	5
	0.0
	5.0

	5
	0.1
	4.9

	5
	1.0
	4.0

	5
	3.0
	2.0

	5
	5.0
	0.0


3. Using the same excitation wavelength and emission wavelength as before, measure the % fluorescence of each solution.  How does this % fluorescence compare to your previous measurements? 

Detection Limits for Fluorescence

To calculate the Limit of Detection for quinine for the fluorometer you used use the following equations:



SM = Xbl + 3 sbl 




 

SM is the minimum detectable signal

Xbl is the average “blank” signal

 sbl is the standard deviation of the blank signal.

Make a calibration plot of the signal (concentration vs intensity) and use this plot to determine the slope (m).

The Limit of Detection is found by:


LD = (Sm – Xbl) / m       or

LD = 3 sbl / m 
 



(4)  Questions
1.  What instruments could you use to determine the excitation wavelength had it not been provided to you?

2.  Calculate the Limit of Detection for quinine for the fluorometer you used.

3.  What was the concentration of quinine in your tonic water sample?

4. What changes would you expect in the fluorescence signal if HCl had been used to acidify your samples?  Why?

5. What QC procedures should be included to ensure the accuracy of your analyses?

6. (Bonus 5 pts) What other methods of analysis could be used for analysis of quinine in beverages?  How do these methods compare to fluorescence analysis? (Are they more sensitive or accurate?)

Appendix A

Fluorometer Operational Instructions  (Check !)

Fluorescence Scan Mode

1. Open the Varian Cary-Eclipse folder.

2. Double-click the Shortcut to Scan icon

3. Click Setup.
4. Select Emission.
5. Setup parameters as:

a. Excitation wavelength:  350 nm

b. Scan from Start 350.0 nm to Stop 600.0 nm

6. Make sure Scan control mode is Medium
7. Click OK to accept parameters

8. Always wipe cuvettes with Kimwipes to remove fingerprints or anything else that might interfere with your measurements.  Wear gloves when handling cuvettes!

9. Place the cuvette with your blank into the cell holder, close compartment, and click Zero.
10.  Remove blank after scan is complete.  Insert cuvette with sample (use most concentrated of your dilutions) into the holder and close the compartment.  Click Start.  This should show you the optimum value of the Emission wavelength.

Fluorescence Simple Reads Mode
1. Close the Scan mode.

2. Double click Simple Reads
3. Click Setup
a. Ex (excitation wavelength) should be the same used in scan mode

b. Em (emission wavelength) is the value you obtained in scan mode

4. Click OK to accept the parameters

5. Place cuvette with blank into the cell holder, close the compartment, and click ZERO.
6. Insert your sample into the holder and scan.  Repeat for all samples.

