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Today’s Critical Guiding Question e

What continuity/conservation laws are most important for
photophysical processes like absorption and emission of photons...
for real this time, again: Part 4?
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Photophysical Processes

* Blackbody radiation, Photon properties, Light—Matter interactions,
Conservation laws, Einstein coefficients

« Jablonski diagram, Spin multiplicity, Internal conversion, Intersystem
crossing, Thexi state, Kasha—Vavilov rule, Stokes shift, PL

* Born—Oppenheimer approximation, Franck—Condon principle,
Transition dipole moment operator, Franck—Condon factors, Beer—
Lambert law, Absorption coefficient, Oscillator strength, Absorptance

* Luminescence processes, Selection rules, Charge-transfer transitions,
Spin-Orbit coupling, Heavy-atom effect, E-k diagrams, Jortner energy
gap law, Conical intersections, Energy transfer, Exciplex/Excimer

* Photolumi spect Emission/Excitation spectra, Inner
filter effects, Anisotropy, Excited-state lifetime, Emission quantum yield
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Absorption
pectrum

Turro, Chapters 2and 3

Nuclear Terms & F—C Factors
L,

kg~ Pl< WP W, >]*  Fermi's golden rule
Observed Zero-point Motion
Rate Constant  Limited Rate Constant  “Fully Allowed Rate

.. separable due to the Born-Oppenheimer approximation

o[ wipatv: ] T<wirn=] 1
e[Sttt [otne] o]
= Transition to what vibronic state is

Overlapintegral, Si, = [ xi ()x2(x) dx = (alxz) most favorable/rapid by absorption?
Franck-Condon factor, (1] 2)?

Turro, Chapter 3, Figure 3.3, Page 129

... and what about by emission?
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B—O Approximation, F—=C Principle, TDM Operator

* Born-0 (8=0) i i of electronic and nuclear terms in the wavefunction
w - WoxS

« Transition dipole moment (TDM) operator, st:
B ICR e} d

Reaction cooranate

Turro, Chapter 7, Figure 7.12, Page 429
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i Angular um Quantum b
SeleCtlon RU Ies Photon... which came from matter:s = 1, mg = +1
[ in f“'“"‘”’ [ Electron (Orbital): [, m; = [—1,1] in steps of 1
T i, Electron (Spin):s = 5, my = =13

... well these are just overlaps... and so the more overlap, the more favorable a transition...

... the F—C factor makes sense based on pictures on previous slides

... but what does p, do to a wavefunction?...

... maybe we don’t know, but it better change the angular momentum properly for a photon

... and what are spin wavefunctions?... just symbols!... spin does not appear in ... it’s just math...
... 50, the spin wavefunctions only overlap when they are identical... meaning spin does not change

Atomic Selection "rules"
Orbital angular momentum (Laporte "rule”): Al = +1...as [y = [; £ Sphoton

Spin angular momentum (Wigner "rule"): Amg = 0... i does not act on spin
Orbital z-direction angular momentum: Am; = 0, +1...as myr =my; + Mgphoton
... the allowed 0 option can be envisioned as two vectors that are opposite in one direction
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Selection Rules

].\[,W. f.'—umrv Ju“.,

Franck Cancdan U”M..L,u\‘f:t:mh ki } .. related to the F-C factor...
.. related to spin-orbital coupling... ™! L == ;

Turro, Chapter 2, Table 2.4, Page 102

Turro, Chapter 2, Figure 2.13, Page 99

Summary of Atomic Selection "rules” Turro, Chapter 3, Figure 3.5, Page 133
Al = t1..aslf = l; £ Sppoton- Ay = 0... Amy = 0, £1...as myr = my; * Mg photon
Heavy Molecule (Russell ders L-S C ing) Selection "rules"

Total angular momentum: AJ = 0,+1 ...and AS = 0...and AL = 0,+1
Total z-direction angular momentum: Amy = 0,+1... and 0’s are there for the same reason
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Light—Matter Interactions
) E Electric vector
(@) Electric vector . Q
of ight wave — OO o

of light wave
® @ . S
: @ *——e Node & = L —— g h o ok

2.0,
B s Bk e = ® @

——
No node Time-averaged Instantaneous E . = Node
electronic {extrame)
distribution  electronic
distribution
Light + gorbital  «—— o orbital
L
o rods Onerode

Turro, Chapter 4, Figure 4.6, Page 189
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Charge-Transfer Transitions & S—0O Coupling

The Hamiltonian for spin-orbit (S-O) coupling results in the heavy-atom effect...
...and it also results in variation in the selection rules...

5/27/2023

J+1D)=11+1)—s(s+1)
Total angular momentum: AJ = 0, +1 Eso = Z*a*hcRy ( N T |
Total z-direction angular momentum: Am; = 0,+1 i n Z(I + 2) a+n j
absorption emission 120000 M = Ru(ll) and Os(ll) in this plot...
s 1o e ... which do you think is which?
ogs huwee| -
\n/ wer i
I 2
ad e H
H
ol H
. ' o
200 400 60O EL g a5 a5 550 50 50
Wavsiangih {am) Aram

...oh, now | see it in those spectra... and how the black spectrum is when there is a mixture

 Contuction hand dectroms (BRIEFLY) 244
7

... looks like a Jablonski diagram...
T ... but based on linear

E—k Diagrams “=*

et hamd g
e

Phonons Dten comy
Particle Type: Boson =
Mass: 0
Charge: 0
Energy: E = hv = hw
i ity: S = (X)v=n
Linear Velocity: = (n) vn— A \:l

nhv _ o _
Il hv,; hk
z Angular Momentum / Spin: +h = + e

[

Linear Momentum: p =

w0 e

https://en wikipedia. i

Absorption Coefficient & Beer—Lambert Law

To describe attenuation of light intensity/power through matter due to absorption only... one writes
on

Pl —a, ... where a, is the linear Napierian absorption coefficient (cm)
. an, . .
Rearranging to o= —a,0z, and integrating from I, ro ¢ t0 Iy paci over £ leads to...
I
In (l“’“k) =—ayf..orl, = Loe~’, where I, = I, pocx and Lo = I front :
v front.

... where T}, = =~ (transmittance) and A,, = —log(T;)) = log (%) (absorbance)
P [

... but the absorption coefficient can take on many forms/units... sorry...

log (llfv) = —ay?... where a, is the linear decadic absorption coefficient (cm™) [not often used]
vo

In (‘i—vu) = —k, cf... where Kk, is the molar Napierian absorption coefficient (M cm) [n. 0. u.]

1000k,

.. since Mt cm™® = Lmol* cm™ = dm? mol* em, 0, = ——*
A

is the absorption cross-section (cm?)

log (‘i—vu) = —g,cf... where &, is the molar decadic absorption coefficient (M cm™)... finally!...
... leading to the Beer-Lambert law... 4,

vct... asuccinct and well-known equation in the end
https://goldbook.lupac.org/terms /view/A0D037
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Einstein Coefficients & Oscillator Strength

Oscillator strength (f12): integrated strength of

an absorption band relative to a completely

... is the rate constant for emission equal to that of absorption? ... No way!  allowed transition

... but Absorption = —Stimulated Emission... but # Spontaneous Emission

T

Emission  Positive Absorption = Absorption < @

S (2uy

oany a on, B o) SRR

— = Aun; —; = —Bpanypv - 8 |& 3}

at 2172 at 121! _E 3
E =

Negative Absorption = Stimulated Emission E I

an, 2 E z

—— = Byn,p(v) s g

at 21M2P @ g

[ —
Consider all possible reactions to be at equilibrium... Atkins, Chapter 13, Figure 13.5, Page 434

any any 91¢012 _ g1€°f12
——=——==0=A431n; + Byynyp(v) — By2n1p(vV) ... g1B12 = g2B21 == =
" " 2112 + Ba1nap(v) — Bianip(v) .. 1Bz = 92B21 o pro—
where p(v) is an irradiance...in units of energy per volume per frequency, v grhv? 162
_ — 1
R.C. Hilborn, Am. J. Phys., 1982, 50,982-986 ... AA21 = 21 = T ;3
C. Hilborn, arXiv:physics/0202029 c? 3gohc?
247

Today’s Critical Guiding Question

What continuity/conservation laws are most important for
photophysical processes like absorption and emission of photons...
for real this time, again: Part 4?

DISCUSSION SESSION
TOPICS
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Luminescence Processes

.. Photo... and Chemi... and Mechano... Oh My!

CHEMLUMINESCENCE | (
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... well | guess it makes sense... it’s just conservation of energy... and momentum, of course...
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Photolumlnescence Spectrometer
il Manachromator mmf =2 , ) — E]
: ’ § h—;g N ==
o g = g g
; ; g \ /
T o, e, ; o
Or LIGHT INTENSITY  or LIGHT INTENSITY 7> o »_1 rouunaen \

.or use a prism

ome ecaas o
oL

Lakowicz, Chapter 2, Figure 2.36, Page 48 Lakowicz, Chapter 2, Figure 2.16, Page 37 Lakowicz, Chapter 2, Figure 2.1, Page 28
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Photolumlnescence Spectrometer
" Photoexcitation Source Monochromators Gratings PMT Detector

| . Plus higher orders - plus saturation
5 W Contious |

2 of 80 Mx

... plus stray light

06 460 w0 #00  1000 500 1000 1800 3000
WAVELENOTH () WAVELENGTH (vm)
Lakowicz, Chapter 2, Fgure 2.5, Page 31 Lakowicz, Chapter 2, Figure 2.12, Page 35

o Monochromators Gratings

- plus filter edge effects & emission
0 -

200 400 600 800 1000
WAVELENGTH (nm ]
Lakowicz, Chapter 2, Figure 2.31, Page 45

... measured PL spectra are
O 6 Theo 800 1000 1 effectively multiplied by all

; ELENSTH (nm) ) |
Lakowiz, Chapter 2, igure 2.13, Page 35 Lakovic, Chapter 2, Figure 2.1, Page 36 of these!... Ugh!
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