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Fluorescence is the ability to emit light after absorbing light. Any molecule that can 
absorb light, and fluoresce (emit light back) is called a “fluorophore”.

Fluorescence is simply one of the ways fluorophores can lose the energy they gained 
when they were excited by light, or photons. In the previous lecture it was discussed that 
molecules can “relax” or lose their energy also via rotating or vibrating – those are non-
radiative relaxations, while fluorescence is a radiative relaxation (it emits light – or 
radiation).

Jablonski diagram (slide #13)– This diagram is the fundamentals of fluorescence, and 
it's not too difficult to understand if it's broken down to small easy to understand parts. 

First of all we need to understand what the S0 and S1 mean. The S0 is the basic relaxed 
stable state of a fluorophore. This is the state the fluorophore is before it is excited, and 
after it's completely relaxed. The S1 is the first excited level of the fluorophore. (there 
are higher levels, but the mechanism for fluorescence is the same for all the levels, so 
we'll just focus on the S1 excited level).
We can also see thinner lines between the S1 and the S2 excited levels, those lines 
represent vibration and rotation energy levels. Meaning that an electron excited to a 
level of S2 can vibrate/rotate down to the S1 level for example. 
The T1 state is the “triplet” state, also known as the “forbidden” state. It's energy level is 
smaller than that of S1, but still higher than the ground state S0 (explanation follows).

When a fluorophore is excited with a photon, an electron can get excited and “jump up” 
from the stable state of S0 to higher energy state (indicated by a blue line in the lecture 
slide). Lets say our electron jumped to an excited state between S1 and S2, this jump 
occurs very rapidly roughly ≈ 10−15 seconds. The next event is going to be the 
relaxation of the electron to the closest semi-stable excited state according to 
Kasha's rule. This is called “internal conversion”.
Simply put Kasha's rule states that an electron will only be comfortable in the quantized 
levels, e.g.  S0, S1, S2 and not in between them. So as soon as an electron is excited it will 
cause vibration/rotation and will relax down to the closest state. In our case, if the 
electron was excited to the levels between  S1 and S2 it will vibrate/rotate down to the S1 
excited state. This transition is also very quick,  ≈ 10−13 . This transition is called 
“Internal conversion” (IC). Now the electron slightly relaxed to a lower excited energy 
level, that electron needs to get back to the ground state – S0 and this electron has a few 
ways of doing that (minimal #103)
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The first obvious method to relax is to emit a photon – to fluoresce (radiative relaxation) 
which takes roughly ≈ 10−9 . Other two ways we mentioned is rotation and vibration 
(non-radiative relaxations). We already learned that the electron undergoes internal 
conversion soon after it's excited (also non-radiative). The rest of the possible ways an 
electron can relax are Inter-system-crossing (ISC), Phosphorescence, and delayed 
fluorescence – which will now be discussed.

When an electron is excited there is a probability that the spin states of the electron may 
change to a configuration that contradicts certain physical rules about electron spins. 
Keeping it simple, electrons have inherent spins to them, and according to the orbitals 
and energy levels their spins correlate to rules, much like lowest energy rule, pauli's 
exclusion principle, etc. 
When an electron is excited there may be a scenario in which the spin states alter to a 
state that is forbidden by these rules, this state is less stable, and thus unfavorable. This 
state is called the “triplet” state, as it describes the triplet spin assortment an electron 
going through it can assume (slide # 16 – not necessary to understand). (I know, its not 
super understandable, and it really doesn't have to be – all you need to know is that an 
electron can go down to the triplet state, that involves forbidden transitions).
Going from the S1 to the T1 (triplet state) is called inter-system-crossing or ISC. Once an 
electron is in the Triplet, or “forbidden” state, it can also relax down to the S0 ground 
state by non-radiative (vibration, rotation) or radiative (emitting a photon) ways. If the 
electron emits a photon from the triplet state – it's called phosphorescence. 
Phosphorescence is quite a bit slower of a process than fluorescence, considerably  ≈ 

10−6 - 10 seconds. So now we covered Phosphorescence, all we have left is to discuss 
“delayed fluorescence”.

The thing about ISC is that it can occur, funnily enough in both ways. An electron can 
undergo forbidden transitions into the triplet state, or go back from a triplet state to the 
S1 excited state via ISC. If an electron does that and then emits a photon, it's called 
“delayed fluorescence” - because it first went to the triplet state (T1) then went back to 
the S1 excited state and only then fluoresced, therefore it was “delayed”.

Emission Spectra and Absorption Spectra (slide #19/20)– every fluorophore can only be 
excited by light in a given range of frequencies/wavelengths, that spectrum is called the 
“absorption spectrum” or “excitation spectrum”. Thus any light in the wavelength range 
that is shorter or longer than the absorption spectrum of that particular fluorophore will 
not have a fluorescence effect. 
Accordingly, every particular fluorophore can fluoresce (emit photons) only in a specific 
range of wavelengths/frequencies, that is the “emission spectrum”.
The emission spectrum will always be “red shifted” or shifted towards the longer 
wavelengths and smaller frequencies (the “redder side” of the visible light) due to the 
“Stokes shift”.



The stokes shift can be easily explained. We said that an excited electron will first 
undergo Internal Conversion (IC) and vibrate/rotate down to the first closest semi stable 
excited state. This means some of the energy that was absorbed by the fluorophore is 
lost. This necessarily means that if the fluorophore will emit a photon, it will be of lesser 
energy – or smaller frequency/longer wavelength. In essence the stokes shift is due to 
the IC that takes place whenever the fuorophore molecule is excited.

Absorption spectroscopy (slide #21) – this technique basically measures how much a 
given sample (e.g. a solution containing some fluorophores) absorbs light. Light 
intensity is measured before it goes in the sample, and after it goes out of the sample, 
and compared to analyze how much was absorbed, that could give us information about 
the material the sample consists of. The beer-lambert law (minimal #96) gives us a 
relationship between the incident intensity (incoming light intensity before it hits the 
sample) and the resultant intensity after traveling through a distance L in a material that 
has absorption coefficient and a certain concentration. (Although it's in the minimals, 
there is no documented SCT that had a question asked to calculate this equation).

Critical fluorescence parameters (Slide #24)– These parameters help us characterize the 
fluorescence process. Quantum yield is basically a ration between the number of 
photons emitted to the number of photons absorbed. The meaning of the expression 

K f

K f K icK isc

is just the ratio of the total photons (K) emitted (f=fluorescence) to the 

total number of photons absorbed, that fluoresced, went through internal conversion and 
inter-system-crossing.

Fluorescence lifetime (slide #26) – here some of you may notice a slight inconsistency 
between the definition on the lecture slides and the definition in the minimals. Minimal 
#104 reads: “What is the definition of fluorescence lifetime? The time during which the 
number of excited molecules decreases to 1/e-times (37 %) its initial value”. While the 
lecture slide states: “Fluorescence lifetime (t) is the characteristic time that
the fluorophore spends in the excited state.” In effect if you are asked about it in the test, 
both answers should be acceptable, as in physics both are a measure of fluorescence 
lifetimes. 

In lecture slides #30 and #31 you can see some examples for fluorophores, you would do 
well to remember one example, in case you are asked in a test (e.g. “what is a 
fluorophore – give an example”), I always memorized Fluorescein, it's rather easy, and 
in slide #29 you are shown the 3 amino acids that have fluorescence capabilities – (Phe – 
Phenylalanine, Tyr – Tyrosine, and Trp – tryptophan) Should you memorize them? 
Probably not, but you never know. Just know that 3 out of 20 amino acids have 
fluorescence capabilities.



Applications – immunofluorescence – this is an interesting technique in which antigens 
stained with fluorescent dyes, are introduced in a biological solutions. Antigens stick to 
specific antobodies, so if those antibodies are present in the sample the antigens will 
fluoresce, distinctively showing the presence of that antibody. Throughout the 
BioPhysics course you will be introduced to more techniques utilizing fluorescence, and 
you'll use a fluorescence microscope, but for the 1st SCT we're preparing for, in case you 
are asked to give an example to application of fluorescence the “immunofluorescence” 
should suffice.

Measuring fluorescence – fluorescence microscopy – slide #36 depicts the basic inner 
workings of a fluorescence microscope. The fluorescence microscope uses visible light 
(like regular light microscope) alongside an array of filters and a special “dichroic” 
mirror to attain visual light emitted from fluorophores. 

Before we start explaining how the fluorescence microscope works, a quick reminder – 
every fluorophore can be excited in a specific spectrum of wavelengths (absorption 
spectrum) and can emit a light in a specific spectrum (emission spectrum). If we know 
that – we can easily understand what's going on in such a microscope.

First of all, a light source in the microscope generate polychromatic light (light 
consisting of all wavelengths) e.g. an arc lamp. This light goes through the first filter – 
the excitation filter (appears as yellow in the lecture slide). This filter only lets the 
wavelengths that can excite the fluorophore through, since they are the only ones we 
need anyways. 
The next component the light meets is the dichroic mirror. This is a special mirror that 
reflects the absorption spectrum (the light that excited the fluorophore) and is 
transparent to the emission spectrum (the light the fluorophore emits). The light that 
went through the excitation filter is not in the emission spectrum, so the mirror reflects it 
in a downward angle towards the sample. The smaple then fluoresces and emits photons 
in emission spectrum wavelengths, those go up and are not reflected by the dichroic 
mirror – but let through (being that the mirror is transparent to the emission spectrum 
wavelengths).
The last stop is the emission filter or “barrier filter” shown as a red filter in the lecture 
slide. This is a redundancy to the dichroic mirror and backs it up, making sure that only 
emission spectrum wavelengths are let out to reach out eye, so we only see the end result 
of the photons that the fluorophore emitted. 

Photobleaching – this phenomenon occurs when a fluorophore is “hit” with too high 
intensity photons or is being excited for too long. In this process the fluorophore's 
chemical structure is being broken, and it loses its ability to fluoresce. Lecture slide #42 
and #45. Plainly put – if a fluorophore is abused in too high intensity/duration it may 
seize to fluoresce.



FRET – Fluorescence Resonance Energy Transfer, also called singlet-singlet resonance 
energy transfer or Förster-type Energy Transfer, is a method that the department uses for 
research, so they like to ask about it, usually the 1st SCT features a question in some 
form about FRET. In essence FRET is not a difficult concept to understand.

FRET is basically the ability of two adjacent fluorophores to interact, transferring and 
receiving light energies. The fluorophore that gets the initial energy and transfers it to 
the other fluorophore is called the donor molecule. The molecule receiving the light 
energy from the donor is called the acceptor molecule. Basically, if two fluorophores are 
close enough (2nm-10nm), and the emission spectrum of the donor overlaps with the 
absorption spectrum of the acceptor, and they are in the proper orientation (minimal 
#111), in this scenario if we excite the donor fluorophore it may transfer the energy to 
the acceptor and the acceptor will fluoresce, the donor will not, since it transferred its 
energy. 

The FRET method is highly sensitive to distance between the donor and acceptor 
molecule, thus it is a good way of measuring distances (minimal #112) and a good way 
of measuring protein-protein interactions (lecture slide #49)

Implications of FRET – fluorescence lifetime, quantum efficiency, photobleaching rate
All of the parameters we discussed, vary when FRET occurs, in a very logical way. All 
we need to remember when we're looking at what happens in FRET, is that energy is 
transferred from the initially excited donor molecule to the acceptor molecule.
Being that the donor donates his energy, the efficiency of fluorescence and also the 
fluorescence lifetime will decrease, because the energy is not being used by the donor. 
For the same reason the efficiency and fluorescence lifetime for the acceptor will 
increase.
Now lets look at rate of photobleaching. If a great deal of intense light is imparted to the 
donor molecule we would expect it to undergo photobleaching, but we know that the 
donor transfers his energy to the acceptor, so there will be less intense energy absorbed 
by the donor, so the donor's rate of photobleaching will decrease. Logically the rate of 
photobleaching of the acceptor will increase for the same reason – all the intense energy 
is imparted to him.

Raman scattering – is the scattering of light due to inelastic interactions of rotational and 
vibrational energies in the transparent biological sample the light is going through. 
Generally if a photon gives some of it's energy as it's going through the sample, the 
energy of the resultant photon leaving the sample will be lesser, or smaller frequency. If 
while the photon goes throgh the biological sample an electron is simultaneously going 
through relaxation it will impart some of the relaxation energy to the photon, so the 
resultant photon leaving the sample will have more energy – or greater frequency.
I believe even this is more than you need to know about Raman Scattering. 



Minimum requirement questions
minimals 100 – 104, 106, 108-113, 125-127 were reviewed in this document.

Minimal # 107 
Why is the fluorescence quantum yield always smaller than one?
Because relaxation from the excited state can be accomplished not only by fluorescence emission.

We mentioned that an electron can go through relaxation in one on a few ways, some are 
radiative (fluorescence, delayed fluorescence, phosphorescence) and some are non-
radiative (vibration, rotation). Because a molecule can lose energy in a non radiative 
manner, it will not always emit 100% of the photons it absorbs.

Minimal #114
What is photoselection?
It is the selection of an oriented subpopulation from a randomly oriented population of molecules by linearly
polarized light.

As seen on slide#47 linearly polarized light (light of specific wavelength that all of its 
photons are going in the exact same direction) can be used to cause a specific group in a 
sample to align in a specific way. This is due to the effect of the electromagnetic 
component of light, having specific interactions with specific molecules. 


