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3.4: Excitation and Emission Spectra
What would be the difference between an excitation and emission spectrum in fluorescence spectroscopy?

In an excitation spectrum, the emission monochromator is set to some wavelength where the sample is known to emit radiation and
the excitation monochromator is scanned through the different wavelengths. The excitation spectrum will look similar if not
identical to the absorption spectrum obtained in UV/VIS spectroscopy.

In an emission spectrum, the excitation monochromator is set to some wavelength known to excite the sample and the emission
monochromator is scanned through the different wavelengths.

Draw representative examples of the excitation and emission spectrum for a molecule.

The important point to realize is that the only peak that overlaps between the excitation and emission spectrum is the Sy-S;
transition. Otherwise, all the excitation peaks occur at higher frequencies or shorter wavelengths and all of the emission peaks
occur at lower frequencies or longer wavelengths. The spectra in Figure 3.4.6 show the excitation and emission spectra of
anthracene. Note that the only overlap occurs at 380 nm, which corresponds to the Sy-S; transition.

Figure 3.4.6. Fluorescence excitation (left) and emission (right) spectra of anthracene.

Describe a way to measure the phosphorescence spectrum of a species that is not compromised by the presence of any
fluorescence emission.

The important thing to consider in addressing this question is that the lifetime of the S; state from which fluorescence occurs is
approximately 10" second whereas the lifetime of the T; state from which phosphorescence occurs is on the order of 10 to 100
seconds. Because of these different lifetimes, fluorescence emission will decay away rather quickly while phosphorescence
emission will decay away more slowly. The diagram in Figure 3.4.7 shows representations for the decay of fluorescence versus
phosphorescence as a function of time if the radiation source was turned off. The two can be distinguished by using a pulsed
source. A pulsed source is turned on for a brief instant and then turned off. Many fluorescent spectrophotometers use a pulsed
source. The electronics on the detector can be coordinated with the source pulsing. When measuring fluorescence, the detector
reads signal when the pulse is on. When measuring phosphorescence, a delay time during which the detector is turned off occurs
after the pulse ends. Then the detector is turned on for some period of time, which is referred to as the gate time. Figure 3.4.7 also
shows where the delay and gate times might be set for the sample represented in the decay curves. The proper gate time depends in
part on how slow the phosphorescence decays. You want a reasonable length of time to measure enough signal, but if the gate time
is too long and weak to no phosphorescence occurs at the end, the detector is mostly measuring noise and the signal-to-noise ratio
will be reduced.
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Figure 3.4.7. Fluorescence and phosphorescence decay profiles after a pulse of radiation.

If performing quantitative analysis in fluorescence spectroscopy, which wavelengths would you select from the spectra you
drew in the problem above?

The two best wavelengths would be those that produced the maximum signal on the excitation and emission spectra. That will lead
to the most sensitivity and lowest detection limits in the analysis. For the spectra of anthracene drawn in Figure 3.4.6, that would
correspond to an excitation wavelength of 360 nm and emission wavelength of 402 nm. The one exception is if the Sg-S; transition
is the maximum on both spectra, which would mean having the excitation and emission monochromators set to the same
wavelength. The problem that occurs here is that the excitation beam of radiation will always exhibit some scatter as it passes
through the sample. Scattered radiation appears in all directions and the detector has no way to distinguish this from fluorescence.
Usually the excitation and emission wavelengths must be offset by some suitable value (often 30 nm) to keep the scatter to

acceptable levels.

This page titled 3.4: Excitation and Emission Spectra is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or curated by
Thomas Wenzel via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/11154


https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/111547?pdf
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Molecular_and_Atomic_Spectroscopy_(Wenzel)/3%3A_Molecular_Luminescence/3.4%3A_Excitation_and_Emission_Spectra
https://creativecommons.org/licenses/by-nc/4.0
http://www.bates.edu/chemistry/faculty/thomas-wenzel/
https://asdlib.org/activelearningmaterials/molecular-and-atomic-spectroscopy

