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PHOTOLUMINESCENCE

• Photoluminescence spectroscopy is 
divided into two categories: 
fluorescence and phosphorescence.

• Both are modes of emission of light 
by molecules, however fluorescence 
happens very rapidly after excitation, 
while phosphorescence takes much 
longer.
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weak fluorescence. Most unsubstituted, nonheterocyclic aromatic com-
pounds have favorable fluorescence quantum yields, although substitutions 
on the aromatic ring can significantly effect Ff. For example, the presence 
of an electron-withdrawing group, such as –NO2, decreases Ff, while add-
ing an electron-donating group, such as –OH, increases Ff. Fluorescence 
also increases for aromatic ring systems and for aromatic molecules with 
rigid planar structures. Figure 10.49 shows the fluorescence of quinine 
under a UV lamp.

A molecule’s fluorescent quantum yield is also influenced by external 
variables, such as temperature and solvent. Increasing the temperature gen-
erally decreases Ff because more frequent collisions between the molecule 
and the solvent increases external conversion. A decrease in the solvent’s 
viscosity decreases Ff for similar reasons. For an analyte with acidic or basic 
functional groups, a change in pH may change the analyte’s structure and 
its fluorescent properties. 

As shown in Figure 10.48, fluorescence may return the molecule to any 
of several vibrational energy levels in the ground electronic state. Fluores-
cence, therefore, occurs over a range of wavelengths. Because the change in 
energy for fluorescent emission is generally less than that for absorption, a 
molecule’s fluorescence spectrum is shifted to higher wavelengths than its 
absorption spectrum.

RELAXATION BY PHOSPHORESCENCE

A molecule in a triplet electronic excited state’s lowest vibrational energy 
level normally relaxes to the ground state by an intersystem crossing to a sin-
glet state or by an external conversion. Phosphorescence occurs when the 
molecule relaxes by emitting a photon. As shown in Figure 10.48, phospho-
rescence occurs over a range of wavelengths, all of which are at lower ener-
gies than the molecule’s absorption band. The intensity of phosphorescence, 
Ip, is given by an equation similar to equation 10.28 for fluorescence

I k bCP k Pp p= = ′2 303 0 0. Φ ε 10.29

where Fp is the PHOSPHORESCENT QUANTUM YIELD.
Phosphorescence is most favorable for molecules with n p p* transi-

tions, which have a higher probability for an intersystem crossing than  
p p p* transitions. For example, phosphorescence is observed with aro-
matic molecules containing carbonyl groups or heteroatoms. Aromatic 
compounds containing halide atoms also have a higher efficiency for phos-
phorescence. In general, an increase in phosphorescence corresponds to a 
decrease in fluorescence. 

Because the average lifetime for phosphorescence is very long, ranging 
from 10–4–104 s, the phosphorescent quantum yield is usually quite small. 
An improvement in Fp is realized by decreasing the efficiency of external 
conversion. This may be accomplished in several ways, including lowering 
the temperature, using a more viscous solvent, depositing the sample on a 

Figure 10.49 Tonic water, which con-
tains quinine, is fluorescent when placed 
under a UV lamp. Source: Splarka (com-
mons.wikipedia.org).

N

O

N
HO

quinine

Fluorescence

617Chapter 10 Spectroscopic Methods

solid substrate, or trapping the molecule in solution. Figure 10.50 shows 
an example of phosphorescence.

EXCITATION VERSUS EMISSION SPECTRA

Photoluminescence spectra are recorded by measuring the intensity of 
emitted radiation as a function of either the excitation wavelength or the 
emission wavelength. An EXCITATION SPECTRUM is obtained by monitor-
ing emission at a fixed wavelength while varying the excitation wavelength. 
When corrected for variations in the source’s intensity and the detector’s 
response, a sample’s excitation spectrum is nearly identical to its absorbance 
spectrum. The excitation spectrum provides a convenient means for select-
ing the best excitation wavelength for a quantitative or qualitative analysis.

In an EMISSION SPECTRUM a fixed wavelength is used to excite the 
sample and the intensity of emitted radiation is monitored as function of 
wavelength. Although a molecule has only a single excitation spectrum, it 
has two emission spectra, one for fluorescence and one for phosphorescence. 
Figure 10.51 shows the UV absorption spectrum and the UV fluorescence 
emission spectrum for tyrosine.

Figure 10.50 An europium doped strontium silicate-aluminum oxide powder under (a) natural 
light, (b) a long-wave UV lamp, and (c) in total darkness. The photo taken in total darkness shows 
the phosphorescent emission. Source: modified from Splarka (commons.wikipedia.org).

Figure 10.51 Absorbance spectrum and fluo-
rescence emission spectrum for tyrosine in a 
pH 7, 0.1 M phosphate buffer. The emission 
spectrum uses an excitation wavelength of 
260 nm. Source: modified from Mark Somoza 
(commons.wikipedia.org).
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Figure 10.48. Absorption of a photon excites the molecule to one of several 
vibrational energy levels in the first excited electronic state, S1, or the sec-
ond electronic excited state, S2, both of which are singlet states. Relaxation 
to the ground state occurs by a number of mechanisms, some involving the 
emission of photons and others occurring without emitting photons. These 
relaxation mechanisms are shown in Figure 10.48. The most likely relax-
ation pathway is the one with the shortest lifetime for the excited state.

RADIATIONLESS DEACTIVATION

When a molecule relaxes without emitting a photon we call the process 
RADIATIONLESS DEACTIVATION. One example of radiationless deactivation 
is VIBRATIONAL RELAXATION, in which a molecule in an excited vibrational 
energy level loses energy by moving to a lower vibrational energy level in 
the same electronic state. Vibrational relaxation is very rapid, with an av-
erage lifetime of <10–12 s. Because vibrational relaxation is so efficient, a 
molecule in one of its excited state’s higher vibrational energy levels quickly 
returns to the excited state’s lowest vibrational energy level. 

Another form of radiationless deactivation is an INTERNAL CONVERSION 
in which a molecule in the ground vibrational level of an excited state passes 
directly into a higher vibrational energy level of a lower energy electronic 
state of the same spin state. By a combination of internal conversions and 
vibrational relaxations, a molecule in an excited electronic state may return 

Figure 10.48 Energy level diagram for a molecule showing pathways for the deactivation of an excited state: vr is vi-
brational relaxation; ic is internal conversion; ec is external conversion; and isc is an intersystem crossing. The lowest 
vibrational energy for each electronic state is indicated by the thicker line. The electronic ground state is shown in black 
and the three electronic excited states are shown in green. The absorption, fluorescence, and phosphorescence of photons 
also are shown.
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FLUORESCENCE
• Typically fluorescent compounds 

are excited with lasers to 
minimize the amount of extra 
wavelengths of light.

• Excite at shorter wavelengths 
(e.g. 275 nm) and measure at 
longer wavelengths (e.g. 310 nm).

• Emmission intensity (If) is 
dependent on excitation power 
(Po)
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solid substrate, or trapping the molecule in solution. Figure 10.50 shows 
an example of phosphorescence.

EXCITATION VERSUS EMISSION SPECTRA

Photoluminescence spectra are recorded by measuring the intensity of 
emitted radiation as a function of either the excitation wavelength or the 
emission wavelength. An EXCITATION SPECTRUM is obtained by monitor-
ing emission at a fixed wavelength while varying the excitation wavelength. 
When corrected for variations in the source’s intensity and the detector’s 
response, a sample’s excitation spectrum is nearly identical to its absorbance 
spectrum. The excitation spectrum provides a convenient means for select-
ing the best excitation wavelength for a quantitative or qualitative analysis.

In an EMISSION SPECTRUM a fixed wavelength is used to excite the 
sample and the intensity of emitted radiation is monitored as function of 
wavelength. Although a molecule has only a single excitation spectrum, it 
has two emission spectra, one for fluorescence and one for phosphorescence. 
Figure 10.51 shows the UV absorption spectrum and the UV fluorescence 
emission spectrum for tyrosine.

Figure 10.50 An europium doped strontium silicate-aluminum oxide powder under (a) natural 
light, (b) a long-wave UV lamp, and (c) in total darkness. The photo taken in total darkness shows 
the phosphorescent emission. Source: modified from Splarka (commons.wikipedia.org).

Figure 10.51 Absorbance spectrum and fluo-
rescence emission spectrum for tyrosine in a 
pH 7, 0.1 M phosphate buffer. The emission 
spectrum uses an excitation wavelength of 
260 nm. Source: modified from Mark Somoza 
(commons.wikipedia.org).
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𝚽f: fluorescent quantum yield (percentage of photons emitted 
compared to the number absorbed), between 0 and 1.



PHOSPHORESCENCE
• Because phosphorescent 

photorelaxation takes longer than 
fluorescence, phosphorescence 
continues after the excitation 
source is gone (glow in the dark).

• Relatively few compounds are 
phosphorescent so it is not as 
widely used for quantitative 
analysis.
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solid substrate, or trapping the molecule in solution. Figure 10.50 shows 
an example of phosphorescence.

EXCITATION VERSUS EMISSION SPECTRA

Photoluminescence spectra are recorded by measuring the intensity of 
emitted radiation as a function of either the excitation wavelength or the 
emission wavelength. An EXCITATION SPECTRUM is obtained by monitor-
ing emission at a fixed wavelength while varying the excitation wavelength. 
When corrected for variations in the source’s intensity and the detector’s 
response, a sample’s excitation spectrum is nearly identical to its absorbance 
spectrum. The excitation spectrum provides a convenient means for select-
ing the best excitation wavelength for a quantitative or qualitative analysis.

In an EMISSION SPECTRUM a fixed wavelength is used to excite the 
sample and the intensity of emitted radiation is monitored as function of 
wavelength. Although a molecule has only a single excitation spectrum, it 
has two emission spectra, one for fluorescence and one for phosphorescence. 
Figure 10.51 shows the UV absorption spectrum and the UV fluorescence 
emission spectrum for tyrosine.

Figure 10.50 An europium doped strontium silicate-aluminum oxide powder under (a) natural 
light, (b) a long-wave UV lamp, and (c) in total darkness. The photo taken in total darkness shows 
the phosphorescent emission. Source: modified from Splarka (commons.wikipedia.org).

Figure 10.51 Absorbance spectrum and fluo-
rescence emission spectrum for tyrosine in a 
pH 7, 0.1 M phosphate buffer. The emission 
spectrum uses an excitation wavelength of 
260 nm. Source: modified from Mark Somoza 
(commons.wikipedia.org).
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