Supramolecular Photophysics

* Manipulating photophysics of organic molecules
through weak interactions and confinement

* Use of organic photophysics in understanding
supramolecular structures

« Supramolecular organic photohysics: Sensors,
molecular motors, etc.

Chemistry in bowls, baskets, cages and cavities
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Cyclodexirins Cucurbiturils Octa acid(OA) Calixarenes

Dendrimers Zeolites Micelles Crystals




A brief review of photophysical processes
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Fluorescence:

- High radiative rate constant, 10-10 to 10-8 s-!
* Precursor state (S,) has short lifetime
* Not susceptible to quenching

Phosphorescence:

- Low radiative rate constant, 10-¢ to 10 s-!

+ Precursor state (T;) has long lifetime

* Very much susceptible to quenching

- Emission quantum yield depends on S; to T, crossing




The heavy atom effect on spin transitions

The "heavy atom” effect is an “"atomic number” effect
that is related to the coupling of the electron spin and
electron orbit motions (spin-orbit coupling, SOC).

Most commonly, the HAE refers to the rate
enhancement of a spin forbidden photophysical radiative
or radiationless transition that is due to the presence
of an atom of high atomic number, Z.

The heavy atom may be either internal to a molecule
(molecular) or external (supramolecular).

Spin-orbit coupling energies for selected atoms

Table 4.7  Spin-Orbit Coupling in Atoms®®

Atomic Atomic
Atom number ¢ (kcal mol~') Atom number ¢ (kcal mol 1)

(o8 6 0.1 I 53 14.0
N¢ 7 0.2 Kr 36 15
o¢ 8 0.4 Xe 54 28
F¢ Y 0.7 Pb 82 21
Si€ 14 0.4 Hg 80 18
pe 15 0.7 Na 11 0.1
s¢ 16 1.0 K 19 0.2
CI* 17 1.7 Rb 37 1.0

Br 35 7.0 Cs 55 24




Correlation of Experimental Parameters with Theory

Heavy Atom Effect - Theory
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Ps_t = Transition Probability Hso = Spin-Orbit Hamiltonian
¢ = Electronic Wavefunctions S = Spin Angular Momentum
0; J= Vibrational Wavefunctions L = Orbital Angular Momentum

C = Spin-Orbit Coupling Constant

Examples of internal heavy atom effect

Molecule kD kst kp krs Oy Dp
Naphthalene 10° 106 107" 100" 055 0.05
1-Fluoronaphthalene 10 108 107! 107" 084 0.06
1-Chloronaphthalene 106 10% 10 10 006 054
1-Bromonaphthalene 10 10° 50 50 0.002 0.5

1-Iodonaphthalene 10° 10 500 100 0.000 0.70




Room temperature phosphorescence in solution
Internal heavy atom effect
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Strategy to record phosphorescence at room temperature through
supramolecular approach
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Make more triplets through
the heavy atom effect

Make triplets emit faster
in competition with
quenching processes




Cyclodextrins as hosts

Phenanthrene@Cyclodextrin: effect of CH,Br, as co-guest
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Induced Intersystem Crossing Depends on the SOC:
Cations as the heavy atom pertutber

Atom Tonic Spin-Orbit
Radius of Coupling & cm™
the Cation (A)

Li 0.86 (+) 0.23
Na 1.12 11.5
K 1.44 38
Rb 1.58 160
Cs 1.84 370
Tl 1.40 3410

Pb 1.33 (24 5089




Crown ethers, Micelles and Zeolites
as hosts

Copysop 1999 ohn Wiey ar Sons, o, A8 s eserve

Room temperature phosphorescence in solution
External heavy atom effect: Crown ether apparoach

Table II. Estimates?-? of Rate Constants for Excited-State
Processes of 1,5-Naphtho-22-crown-6 (1) in Alcohol Glass© at 77
K with Alkali Metal Chloride Salts Added in 5:1 Molar Excess
(Crown at 1.00 X 1074 F)

\

Salt (0 %3
added 10-6k;  10=6kn | 10%,¢ | ke CO 03
None 1] 25 8.7 0.37 0
NaCl 26 32 6.7 0.41
KCl 23 35 5.8 0.39
RbCI e 52 12. 0.50 !

CsCl e 670 81. 1.57

@ All rate constants ins™!. 2 kg = geri L ke = (1 = dp) e i kp =
p(1 = ¢ lrp~ i kay = 1p7! = kp. © See note 4. “With ¢¢ + dise =
1.0 assumed. ¢ Estimated from 77 K UV absorption spectra.




Micelles as hosts

Naphthalene@SDS micelle: effect of heavy atom
counterions
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Heavy atom produces more triplets and the triplets produced
phosphoresce at a faster rate
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Phosphorescence from Diphenyl Polyenes

579nm (563)
o~

3 698nm (680)
S
E 818nm (830)
2
924nm ( 890 and ~ 9%90)
500 j 700 200 T 1100 i 1300 T 1500
Nanometers
External Heavy Atom Effect on
Triplet Decay Rates of Naphthalene
g A ltl Exchanged Zeolit
10° L g
o
M
10> L
k, o ©
(s1) 10' E =
A (6]
b O(‘ !
100 | / o O v
ﬁ o o @ 0] O
yd Lo
10—1 Ll n Ao A_n nnnnmi A__n_nnnnnni A_n_nnnmn
10* 10° 100 10’ 108




Diffusion controlled self-quenching and oxygen-quenching in solution
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Room temperature phosphorescence from thioketones in solution
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Pyrene as an exemplar of excimer formation
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(Py),@Cyclodextrin: Enhanced excimer formation due to
preorganization of two pyrenes in a cyclodextrin cavity
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Zeolites as hosts

Anthracene@NaX: Cation controlled aggregation
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Photophysics of OA-Anthracene Complex
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Stabilizing Unstable Molecules

Cram's “taming" of cyclobutadiene

For many years attempts to isolate cyclobutadiene in solution at
room temperature failed because one diene undergoes a very
rapid Diels-Alder reaction with a second diene molecule (a
dimerization)

-0 — || —

Cram's idea was to synthesize cyclobutadiene in a host
system that would provide supramolecular steric hindrance to
prevent dimerization

Cram's breakthrough publication: "The Taming of Cyclobutadiene”, Angew.
Chem. 30, 1024 (1991)
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Stabilizing Unstable Molecules
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Energy, electron and spin transfer through
the walls of a carcerand

@ @

Energy and spin transfer
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How good is the wall of a carcerand at protecting the guest?
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Biacetyl@carcerand

Can a guest@carcerand
S undergo electron
transfer, spin transfer
L Crams carcsrand and energy transfer
Guest biacetyl (1) pr‘OCCSSCS?

[ cre

-_-. representation

v of 1@Cram’s carcerand

Figure 13.21  Biacetyl (1) incarcerated in Cram’s carcerand (2). The insert to the right

ic a echematic af the 1@Cram’s carcorand ()

Biacetyl@carcerand can transfer energy and electrons to molecules
outside the walls of the carcerand.
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ET and et are slowed down by several orders of magnitude (~ 10-3-10-4)




Electron transfer between caged and free molecules
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Fluorescence Response to Solvent Polarities
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Pyrene fluorescence provides a means of measuring the polarity of
a host as the environment experienced by a guest




Pyrene as a polarity probe
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All above probes form 2:1 host-guest complexes.




Interior of octa acid is benzene-like
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Supramolecular Sensors
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Chemistry in Confined Spaces




