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-”3"50“ Molecular Photochemistry/Photophysics
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Sundstrom et al. J. Phys. Chem. B 1999, 103, 2327-2346.
Lundholm et al. RSC Adv. 2014, 4, 25502-25509.



Phospholipid Bilayers

Sanson Structural Control: Humans
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Hanson Sensitizer-Annihilator Interactions

green h\'

TETQ -\/—FTET /{_\ﬂ

(-\'I:TA

Solution Microemulsion Heterogeneous
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Schulze and Schmidt Energy Environ. Sci. 2015, 8, 103-125
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Schulze and Schmidt Energy Environ. Sci. 2015, 8, 103-125
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Optical Coupling:
1) Transmission

2) Light absorption and TTA
3) Upconverted emission

4) Absorption by a solar cell
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Chem. Commun. 2012, 48, 209.

(2)

Solar Cell (1) Upconversion
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Pt|F:8n0O, glass
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Al O, reflector
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J. Phys. Chem. Lett. 2013, 4, 2073.
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Harnessing TTA-UC

Optical Coupling:

1) Transmission

2) Light absorption and TTA
3) Upconverted emission

4) Absorption by a solar cell
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Electronic Coupling:

1) Light absorption and TTA

2) Photocurrent Generation

* No isotropic emission
* No self-absorption

* |ncrease sensitizer concentration
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— ol

Upconversion Solar Cell

Need A* at a charge
separation interface!

13



Hanson

Research Group

Metal lon-Linked Multilayer

* Sand A in proximity O

 A-A interactions
200

* On a charge separation interface
* Easy DSSC integration OH
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Nanocrystalline TiO2

!  Glass

Hill et al. J. Phys. Chem. Lett. 2015, 6, 4510.
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TTA-UC Emission

Weak TTA Limit Strong TTA Limit
Np = DekrrAl Np = ®g[A*],
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._.'Hanson TTA-UC Photocurrent

On ZrO;: Upconverted Emission
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J. Phys. Chem. Lett. 2015, 6, 4510.

On TiOz: Upconverted Photocurrent C
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‘e J./V, greater than the sum of its parts. N
* J.=0.009 mA/cm?  ACS Energy Lett. 2016, 1, 3-8.

 Demonstrated an integrated TTA-UC solar cell.

\*Nn=16x10"% V4
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Side Note: Efficiency

FLORIDA STATE 24/7

THE NEWS SITE OF FLORIDA STATE UNIVERSITY

More FSU News Watch and Listen Social Media

WEDMESDAY, JANUARY &, 2016

Researchers pushing limits of solar cells

Kathleen Haughney £ sHARE MDA
he Cutti Ed
The Cutting Edge
Tuesday January 12 2016 reaching 1.4 million monthly
Page One | Features | Mews  |Investigation| Slices | Energy | Security |
Analysis | Arts [ Travel | Resources | Opinion | Letters | Society |

Sci-Tech | Action Line | Editorial | Support Us |

The Race for Solar
Light Trapping Innovation Lifts Solar Cell Efficiency To 45 Percent
Paul Buckley December 3rd 2015

n=16x10"%
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Increasing UC Photocurrent (J,¢)
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JPC Lett., 2018 9, 5810

Increasing UC Photocurrent (J,¢)
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JACS 2017, 139, 10988.
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Increasing UC Photocurrent (J,¢)

JPC Lett., 2018 9, 5810
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JPC Lett., 2018, 9, 5810
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JPC Lett., 2018, 9, 5810
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Increasing UC Photocurrent (J,¢)
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JPC Lett., 2018, 9, 5810
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Upconversion Trilayer
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Upconversion Trilayer
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Photosynthesis

https://doi.org/10.48550/arXiv.1608.06913
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Water Oxidation DSPEC Energy/Electron Transfer Cascade
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What is known:

Not co-deposition
Metal-ion coordination
Directional E/e transfer

Bilayer Structure

OH

O~_ _OH
@)
OH
@)
O \/O ) I
\M/ /44\___
o, o o. ,\b What is not'knc'>wn:
HO-P~ HO-P~ * Surface binding angle
e Relative orientation
* Controllability
_OH _OH
Oo="~ Oo="-0
| | | |
| | | |
MO,
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Metal Oxide-Anthracene Structure
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=Hanson Metal Oxide-Anthracene Structure
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-E's?;!?gﬂp Metal Oxide-Anthracene Structure
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“Hanson Multilayer Structure
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(.

* Subsequent metal ion and
layer addition has minimal
_ effect on the binding angle.
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Structure and Energy Transfer
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Ma nson

i Structure and Energy Transfer
1 ¢p = fluorescence QY of F
Dprpr = 1\ n =refractive index
1+ (R—) J =overlap integral
0 k2= orientation factor
R, = 9780 U dp n—4K2]1/6 [r = distance between F and P J

>99% >99%

1 1

kgr =
Tbilayer Tp

ker = 3x10% s




&12?805‘,, Moving Forward: Controlling Energy Transfer

JPC C 2020, 124, 23597.

HOOC

HOOC COOH

JPC C 2018, 122, 9835.

I I g I Vo7 7l
Langmuir 2017, 33, 9609, 0 U e 2" Mn'"  Sn ; ]

PO3H,

POsH; PO;H,
O O PO3H, POsH; ‘
JPE 2017, 8, 022004.
pccp 2018, 20, 20513, (LI (I (] ITO ITO
O » O PO3H, H,04P O kET = 5.8x1010 g1 kET = 3.4x1010 g1
PO,H,

H,O4P
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Molecular Switches

manson, Moving Forward: Controlling Structure

Inhibiting Distortion

Energy

X

Deformation Coordinates

>
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Inhibiting Distortion

Steric Bulk Strategic Surface Binding
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J. Phys. Chem. A 2015, 119, 13, 3181-3193 44
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In MeOH
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| monson Decay Kinetics
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Strategic Surface Binding
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Molecular Switches

gansen, Moving Forward: Controlling Structure

Inhibiting Distortion

Energy

X

Deformation Coordinates

>

Atomic Layer Deposition
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Controlling Intermolecular Interactions

Spectral Irradiance

Up-Conversion
e hv h\'

Beery, D. et al. J. Mater. Chem. C. 2022.

Excimer Emission
1D excimer exciton diffusion
% hv

U

Myong, M. S., et al. J. Phys. Chem. C. 2021.

Singlet Fission

Energy (eV)
3.5 2.8 23 19 1.7

Blue Light Absorber

1 Singlet Exciton hv

=

a
o

(W m?nm™)
-
o

e

1.8 Triplet Excitons

450 550 650 750
Wavelength (nm)

Bae, Y. J., et al. J. Am. Chem. Soc. 2018.

K%

Normalized Intensity

Atomic Layer Deposition

‘hV%(Exmmer % %)’its

[ll" . K P "”"
i:- s_‘-' A ‘« P ;.‘

Knorr et. al. Molecules 2023, 28, 4835.

hv

b

Em|55|on Tran5|ent Absorptlon
, 1.2
—OC { lAIO
1.0 ,,'f:* —10 (y:;cel:so of Al o
" N\ ——25 Cycles of ALO, -~ 08
0.8 N\ E 8
% 2 o4
0.6 % ]
0.4 "\.‘1& 'ch) 0.0
0.2+ “\-*c. R g -0.4 ——0Cydes ALO, -
R o 2 ——10Cyces ALD,
0.04 - . 08 ——25Cydles ALO,
350 400 450 500 550 600 650 700 750 800 7500 550 600 650 700 750 800
Wavelength (nm) Wavelength (nm)



L' Hanson Conclusions

* TTA-UC Emission

— On ZrO,: Blue to green upconversion

— Quadratic to Linear Behavior

e TTA-UC Solar Cell

— Improvements with component selection
— Jyc up to 315 pA/cm?

— Structure matters

* Determine Structure (polarized ATR)
— 15t layer orientation is MO, independent

— 2nd Jayer dependent on metal and binding group

— Reasonable agreement between ATR and Theory (MM)

 Efforts to Control Structure are underway
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