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Reflectance spectra from colored paper
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Spectra of sunlight
reflecting off of color
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aside from slight
fluorescence in
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colors operating
by reflectance only
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Emission spectra for fluorescent markers (highighter pens)

Fluorescent markers
convert light from
lower wavelengths

to higher wavelengths.

[ N"’ ‘{11l green highlighter
[ Hl ' yellow highlighter

pink highlighter

§ ' N\ S | . All three highlighters
sof- NN ), & . have emiisions that
\, ; . exceed the 100%
' that would be possible
from reflection alone.
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Energy levels for atomic spectra of hydrogen
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Absorption & emission spectra of fluorescent organic dyes

Fluorescein

300 400 500
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Jablonski Energy Diagram
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Jablonski Energy Diagram
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Jablonski Energy Diagram
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Jablonski Energy Diagram
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Jablonski Energy Diagram
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Jablonski Energy Diagram

Second Excited
(Singlet)
Electronic

State

S2

First Excited

(Singlet)
Electronic
State
|
S1
>
(@)
) -
()]
(@
Ll
Electronic

Ground State
CSHL Imaging Course 2018

SO I ——

Philbert Tsai Lectures



Jablonski Energy Diagram

Second Excited
(Singlet)
Electronic

State

S2

First Excited
(Singlet)

Electronic q
State |

S1
>
(@)
S
()
(-
L
Absorption
Electronic
Ground State
CSHL Imaging Course]2018 Philbert Tsai Lectures

SO I



Jablonski Energy Diagram

Second Excited
(Singlet)
Electronic

State

S2

First Excited \F?l?ratpnal
(Singlet) elaxation
Electronic L
State
S1
>
(@)
) -
()]
(@
Ll
Absorption
Electronic
Ground State
CSHL Imaging Course]2018 Philbert Tsai Lectures

SO I



Jablonski Energy Diagram

Second Excited
(Singlet)
Electronic

State

S2

First Excited Vi?ratiqnal
(Singlet) Relaxation
Electronic L
State
S1

Energy

4| |-

Absorption Fluorescence
Emission

Electronic Y
Ground State
CSHL Imaging Course]2018 Philbert Tsai Lectures

SO




Second Excited

Jablonski Energy Diagram

(Singlet)

Electronic

State
S2

First Excited
(Singlet)

Vibrational
Relaxation

Electronic L
State

S1

Energy

-

Absorption

Electronic

WWM Internal

Conversion
Fluorescence (no light
Emission emitted)

- - - -

Ground State

CSHL Imaging Course

SO

2018

Philbert Tsai Lectures



Second Excited

Jablonski Energy Diagram

(Singlet)

Electronic

State
S2

First Excited
(Singlet)

Vibrational
Relaxation

Electronic L
State

S1

Energy

-

Absorption

Electronic

-

Fluorescence
Emission

Triplet

Electronic

State

Internal
Conversion
(no light
emitted)

T'I_

¥

Ground State

CSHL Imaging Course

SO

2018

Philbert Tsai Lectures



Second Excited

Jablonski Energy Diagram

(Singlet)

Electronic

State
S2

First Excited
(Singlet)

Vibrational
Relaxation

Electronic L
State

S1

Energy

-

Absorption

Electronic

-

Fluorescence
Emission

Triplet

Electronic

State

Internal
Conversion
(no light
emitted)

Intersystem
Crossing

T'I_

¥

Ground State

CSHL Imaging Course

SO

2018

Philbert Tsai Lectures



Jablonski Energy Diagram

Second Excited
(Singlet)
Electronic

State

S2

First Excited V|brat|qnal
(Singlet) Relaxation
Electronic E L
State
S1 Intersystem
Crossing
>
9 Triplet
GCJ Electronic
L State

T'I_

“M’W\MMVVV WW Internal Phosphorescence
Emission

Conversion

Absorption Fluorescence (no light
Emission emitted)

Electronic Y ' V

Ground State
CSHL Imaging Course]2018 Philbert Tsai Lectures

SO




Second Excited

Jablonski Energy Diagram

(Singlet)

Electronic

State

S2

First Excited ~ lorational
(Singlet) Relaxation
Electronic I
State %.
51 Intersystem
Crossing
>
9 Triplet
L Electronic
UCJ State
T'I .|
wwmnﬁjww WWW Internal Phosphorescence
Conversion Emission
Absorption Fluorescence (no light W
Emission emitted)
Electronic Y

Ground State

¥

CSHL Imaging Course

SO

2018

O,
|
Singlet Oxygen
Production
3
Philbert Tsai Lectures 02



Second Excited

Jablonski Energy Diagram
A

A

(Singlet)

>

&

Electronic

State
S2

-

(?)

Excited State

-

: . Vibrational
First E?<C|ted Relaxation Excitation Triplet State
(Singlet) Excitation
Electronic L
State
S1 Intersystem
Crossing
>
9 Triplet
GCJ Electronic
L State
T ——
Conversion Emission
Absorption Fluorescence (no light
Emission emitted)
Electronic Y '

Ground State

¥

CSHL Imaging Course

SO

2018

Singlet Oxygen
Production

Philbert Tsai Lectures
|



Jablonski Energy Diagram
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Optical schematic of an inverted epifluorescence microscope

[ j .
o
4_['] . m

L8
i | 1] o ! — |
Ly = U= |
ey Tl
-
= .
@ B | —

]

{

Philbert S. Tsai, July 28,2010

CSHL Imaging Course 2018 Philbert Tsai Lectures



Optical schematic of an inverted epifluorescence microscope
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Optical schematic of an inverted epifluorescence microscope
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Optical schematic of an inverted epifluorescence microscope

Excitation filter
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Philbert S. Tsai, July 28,2010
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Optical schematic of an inverted epifluorescence microscope
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Optical schematic of an inverted epifluorescence microscope
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Optical schematic of an inverted epifluorescence microscope
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Optical schematic of an inverted epifluorescence microscope

Philbert S. Tsai, July 28,2010
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Some Relevant Parameters

Extinction Coefficient
e = 5,000-200,000 M'cm! for most fluorophores
refers to the absorption at a single wavelength (typically the maximum)

Quantum Yield
Q = 0.05 - 1 for most fluorophores
refers to the integrated photon emission over the entire emission spectrum

Below saturation, total fluorescence intensity ~ Q ¢

Lifetime
T =1-10 ns for most fluorophores
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A quick & dirty calculation of saturation

Absorption cross-section, G

e = 80,000 M-! cm-!
G=¢- In(10)/6.023 - 1023

o(fluorescein) = 3 - 10-16 cm2 - molecule™! - photon-!
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A quick & dirty calculation of saturation

Absorption cross-section, G

e = 80,000 M-! cm-!
G=¢- In(10)/6.023 - 1023

o(fluorescein) = 3 - 10-16 cm2 - molecule™! - photon-!

Assume ImW of green light (around 488 nm) at the sample:

Il mW=1-103J/s
1 photon (488nm) <->2.5eV =4-1019]
1 mW (488nm) = 2.5 - 101> photons/s
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A quick & dirty calculation of saturation

Assume ImW of green light (around 488 nm) at the sample:

I mW=1-103J/s
1 photon (488nm) <->2.5eV =4-1017)
1 mW (488nm) = 2.5 - 101> photons/s
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A quick & dirty calculation of saturation

Assume ImW of green light (around 488 nm) at the sample:

Il mW=1-103J/s
1 photon (488nm) <->2.5eV =4-1019]
1 mW (488nm) = 2.5 - 101> photons/s

Epifluorescence : Illuminate 500 x 500 um area ~2 + 103 cm2

Intensity = P ower / Area ~ 1.25 - 1013 - photons - cm™2 - 71
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A quick & dirty calculation of saturation

Assume ImW of green light (around 488 nm) at the sample:

Il mW=1-103J/s
1 photon (488nm) <->2.5eV =4-1019]
1 mW (488nm) = 2.5 - 101> photons/s

Epifluorescence : Illuminate 500 x 500 um area ~2 + 103 cm2

Intensity = P ower / Area ~ 1.25 - 1013 - photons - cm™2 - 71

Point Scanning : Illuminate 0.5 x 0.5 um area ~2 + 102 cm2

Intensity = P ower / Area ~ 1.25 - 1024 - photons * cm™2 - 71
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A quick & dirty calculation of saturation

Absorption and Fluorescence Rates

k,=0"-1

kf= 1/t

Let x = fraction of fluorophores in the excited state

k, (1-x) =kg* x <--in steady state

X =K, / (kK tky)
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A quick & dirty calculation of saturation

Epifluorescence :
[ =P ower/Area~ 1.25- 1018 - photons - cm=2 - s
o(fluorescein) =3 - 10-16 cm? - molecule! - photon-!
ke=1/t = 1/45ns = 2.2+ 108 s
k,=0-1= 37551
x = k,/(k+kp) = 1.7+ 106

Only ~ 2 out of every billion fluorophores is in the excited state
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A quick & dirty calculation of saturation

Point Scanning :
[ =P ower/Area~ 1.25- 10%* - photons - cm2 - g
o(fluorescein) = 3 - 10-16 cm? - molecule ! - photon-!
ke=1/t = 1/45ns = 2.2+ 108 s

k,= o-1=375-108¢!
x = k,/ (kstkp) = 0.63

63% of the fluorophores is in the excited state!
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