CHM 414
Determination of the Limit of Detection and Determination of Zinc by Fluorescence Spectrometry

In this experiment you will be introduced to the method of fluorescence spectrometry.  In the first part of the experiment you will determine the limit of detection (LOD) of a fluorophore (a species that exhibit fluorescence), where the limit of detection is being defined as the lowest concentration that can be determined instrumentally.  In the second part of the experiment you will (indirectly) determine the concentration of zinc in an unknown solution.  The reason this determination is indirect is due to the fact that zinc (and metal ions in general) by itself is not a fluorophore (i.e. exhibiting no fluorescence).  As we discussed in class, you can measure a species that does not exhibit any absorbance or fluorescence through one of several indirect methods, e.g. derivatization or complexation.  In this experiment you will form a complex between zinc and 8-hydroxyquinoline-5-sulfonic acid (HQSA).  The resulting complex leads to significant fouorescence that can be used to quantify the concentration of zinc in the standards and an unknown solution.
Required Chemicals:
1. borate buffer

2. Stock fluorescein solution

3. Stock 2.50 x 10-5M Zn2+ ​solution

4. Stock 5.00 x 10-4 M HQSA solution

5. Unknown Zn2+ solution
Part 1: Detection Limit of Fluorescein

In this part of the experiment you will determine the limit of detection (LOD) of an organic molecule fluorescein.  As mentioned above, the limit of detection is defined as being the smallest quantity (concentration) of a species that can be determined by a particular instrument.  You should bear in mind that the LOD depends on the sensitivity of the instrument being employed for a particular study.  What this means is that the LOD determined by fluorescence spectrometry will be vastly different than that determined by UV-Visible spectrophotometry.  Fluorescence spectrometry is about 3 or more orders of magnitude more sensitive than UV-Visible, i.e. you will  be able to determine a concentration that is at least 1000 times less concentrated in fluorescence than you would be able to determine by UV-Visible.


Fluorescein is an aromatic species that exhibits a very intense native fluorescence that can easily be detected at very low concentrations.  Fluorescein’s fluorescence is practically pH independent in the pH range 5 – 11, however beyond this range, the fluorescence drops off very sharply. To account for this you will perform the LOD measurements in a dilute borate buffer solution (pH 9) to maintain a constant pH throughout the measurement.  The structure of fluorescein is presented below:
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The most effective wavelengths for the excitation of fluorescein lie between 425 and 525 nm, while the fluorescence lies somewhere between 475 and 650 nm.  You will first determine the wavelengths of maximum excitation ((ex) and maximum emission ((em).  You will then use those wavelengths for the determination of the LOD of fluorescein.

The LOD for our purposes is being defined as the concentration of fluorescein that yields a signal that is three times the standard deviation of the signal measured for the blank.  The blank here will just be a solution of the borate buffer used in this experiment.


It is very important that all glassware be extremely clean.  Be sure to rinse all glassware carefully prior to all measurements.  Be sure to handle the cuvettes at the top only and avoid getting fingerprints on the sides of the glassware.  Also, be sure you are using the cuvettes with all four transparent faces.  Why is this important?
Part 1 – Instructions: Your TA will explain the various parts of the instrument and show you how to collect your data.  

In the interest of time, please prepare all solutions before coming to the instrument room.  Once your solutions are prepared, the measurements will take maybe 20 – 30 minutes at most.
1. Under the new acquisition tab of the Felix 32 software select emission scan.

2. Under this tab, also open up a dialog box for the excitation scan.

3. In the emission scan dialog box, set the excitation wavelength to 450 nm and set the emission range from 460 to 650 nm. In this dialog box, be sure to set the integration to 0.1s otherwise the measurements will take too long. Collect the emission scan and determine the wavelength of maximum emission.
4. In the excitation scan dialog box, set the emission wavelength to 520 nm.  Set the excitation range from 400 to 510 nm.  Again, be sure to set the integration time to 0.1s.  Collect the excitation scan and determine the wavelength of maximum excitation.

5. Using the wavelengths determined in step 3 and 4 you will set the instrument to photometry mode (the TA will show you how to do this).

6. Set the instrument zero level with air.

7. Use as a blank a clean cuvette with only borate buffer.  Measure the fluorescence signal for the blank in triplicate and calculate the standard deviation of the blank.

8. Using a pipette transfer 1 mL of the fluorescein stock solution to a 100 mL volumetric flask and dilute to the line with borate buffer.  This solution is 10 ppb fluorescein. Measure the fluorescence signal of this solution in triplicate.  Calculate the corrected fluorescence signal by subtracting the average blanck form the average sample fluorescence.

9. Dilute the 10 ppb solution by a factor of 10 with borate buffer and re-measure the fluorescence in triplicate.  Calculate the corrected fluorescence as above in step 8.

10. Continue diluting by a factor of 10 and measuring the fluorescence until you reach the point where the corrected fluorescence is less than three times the standard deviation of the blank.

11. Repeat the fluorescence measurement for the blank to ensure that contamination has not occurred and that instrumental conditions have remained constant throughout the experiment.

Prepare a graph of corrected fluorescence signal (average signal minus average blank) versus the concentration of fluorescein.  In the linear region of the graph, draw a straight line through the experimental data. From this line determine the concentration of fluoresein that yields a signal that is three times the standard deviation of the blank. The concentration at this signal level is the detection limit.  Report the concentration corresponding to the detection limit of fluorescein as well as the fluorescence reading observed on the instrument for that solution.  You are also to attach a copy of this graph to your report along with all pertinent calculations.
Part 2 – Fluorescence Determination of Zinc:

As previously mentioned, zinc by itself is a non-fluorescent species, as such its determination in this experiment will be through an indirect method. In this experiment the reaction between zinc and a complexing agent such as 8-hydroxyquinoline-5-sulfonic acid yields a highly fluorescent entity that can be readily determined.  Ideally the complexing agent should exhibit no fluorescence on its own and that is the case for HQSA.  While HQSA forms 2:1 complexes with a variety of divalent cations, only Zn2+ and a few other metal ions complexes exhibit measurable fluorescence.  The wavelength of maximum excitation is about 360 nm and the highest emission intensity appears at about 520 nm.  Confirm this by collecting the excitation and emission scan as you did in steps 2 and 3 in part 1 above.  To collect the excitation spectrum set the emission wavelength to 520 nm and scan the excitation monochromator from a wavelength of 300 to 510 nm. To collect the emission spectrum, set the excitation at 360 nm and scan the emission monochromator from 370 to 600 nm. It is very important that you set the wavelengths as specified so as to not damage the detector.
Part 2 Instructions:
1. Set the excitation and emission wavelengths in photometry mode

2. From the stock solution of 2.50 x 10-5 M Zn2+ prepare standard solutions of 0, 2, 4, 6 and 8 M Zn2+ by pipetting aliquots of the Zn2+ stock solution into 25 mL volumetric flasks.  Prior to coming to the lab, determine the appropriate quantities of Zn2+ stock that will be required to prepare the stock solutions mentioned above.

3. Into each flask above pipet 5 mL of the stock 5.00 x 10-4 M HQSA solution.  Dilute to the mark with deionized water.  Mix well.

4. Calculate the resulting concentration of Zn2+ and HQSA in each flask.

5. Prepare a blank solution by diluting 5 mL of the HQSA in a 25 mL volumetric flask.
6. Set the zero level with the blank solution in the cuvete.

7. Take the relative fluorescence reading in triplicate for the standard solution.  Recheck the blank between each standard reading without changing any other adjustments.

8. Obtain an unknown sample from the TA in a 25 mL volumetric flask to which you will add 5 mL of HQSA.  Mix well.  Take relative fluorescence readings in triplicate for the unknown solutions.  Recheck the blank between each reading.

Prepare a calibration curve by plotting the relative fluorescence intensity vs. the concentration of zinc standards.  The plot may deviate from linearity at higher concentrations, so fit only the linear portion of the graph with linear regression analysis.

Report the concentration and standard deviation of zinc in the unknown sample.


Be sure to attach a copy of you calibration curve and all pertinent calculation to your report sheet.  You will lose points if you do not do submit these graphs.
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