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Phospholipid Bilayers

Sanson Structural Control: Humans
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Hanson Sensitizer-Annihilator Interactions
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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
Solution/Film

Pt|F:8n0O, glass
Electrolyte

D149(TiO,

— F:Sn0, glass

TTA-UC solution

Al O, reflector

Glass

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

(4) (2)

(3)
oo
1 U :

Solar Cell pconversion

Solution/Film

hv

)
—

Electronic Coupling:

1) Light absorption and TTA

2) Photocurrent Generation

* No isotropic emission
* No self-absorption

* |ncrease sensitizer concentration

SR ¢V I ¢
— ol

Upconversion Solar Cell

Need A* at a charge
separation interface!
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Metal lon-Linked Multilayer

* Sand A in proximity O

 A-A interactions
200

* On a charge separation interface
* Easy DSSC integration OH

0% ~0
I I

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

N = ®p[A*),

Slope =1

Castellano et al. J. Phys. Chem. Lett. 2012, 3, 299-303.
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Mechanism

Upconverted Emission!

Photocurrent?

18



._.'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. D
* J.=0.009 mA/cm?  ACS Energy Lett. 2016, 1, 3-8.

 Demonstrated an integrated TTA-UC solar cell.

\*n=16x10"% -
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Increasing UC Photocurrent (J,¢)

JPC Lett., 2018, 9, 5810
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| VWA
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JPC Lett., 2018 9, 5810

Increasing UC Photocurrent (J,¢)
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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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Smanson Increasing UC Photocurrent (J )

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

Photosynthesis
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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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Prof. Scott Saavedra at UofA
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Evanescent wave

P Measure A and Ap,
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$

Calculate mean tilt angle 6
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Metal Oxide-Anthracene Structure
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} ZrO, AlLO;
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CB
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Metal Oxide-Anthracene Structure
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v

AIO

44°

O
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o

* Similar angle regardless of metal oxide.

* Binding group does not change the angle.

JPC C 2023, 127, 2705
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“Hanson Multilayer Structure

Absorbance (O.D.)

n

X

31° 38°

ITO ITO ITO

Langmuir 2023, 39, 10670.
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b

[ One possible structure. }

I
75° |

=)

ITO
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Observer ¢

Multilayer Structure

Azimuthal Angle

Is the angular measurement
in a spherical coordinate
system which represents the
horizontal angle from a frame
of reference (usually North).

Can determine structure if we know the
angle between the chromophores!
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'E‘Qﬂ?gﬂp FRET and Structure

Acceptor

1
E = r

6
1
1+ (Ro)

Ry = 9780 [] p n~ 4431/
J = overlap integral
¢p = fluorescence QY of D
n= refractive index

k2= orientation factor
r = distance

\ D O
O

k2= (cos 6, — 3 cos 6, cos 6,)?

38
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Normalized Absorbance

1.0
—— Z10A-Zn-P1
—— Z10-A-Zn-P2

0.8 ——ZOAZn-P3 |

0.6-
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fl
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HO I
irO
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/
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Transient Absorption

0.020

0.015-

% 0.010 T

0.005-

0.000

450 500 550 600 650 700 750 800

Wavelength (nm)

Sample T (ps) Drrer
ZrO,-A-Zn-P1 38 99%
ZrO,-A-Zn-P2 41 99%
ZrO,-A-Zn-P3 175 97%

FRET and Relative Orientation

- 1
E = 6
1+ (z)
0
Ry = 9780 [J dp n~*#2]1/®
J = overlap integral
¢p = fluorescence QY of D
n= refractive index
k?= orientation factor
r = distance SN
J, @y, and n are known/the same. C
Use change in r/E to find k2.

(assumes constant k2 for P1-3)/ COO
7 g ©

Ag=360 nm - %o 70 I 40
2r0, Zro, 2r0,
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Evanescent wave
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4

Zﬁ- Zn

Both k2 and r are changing.

This method will not work.

\Also, this is only one possible orientation!/
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Porphyrin Orientation
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Hix
Hiy
U1z
H2x
.u2y

Porphyrin Orientation

arccos(7, - Tpa)

a = —
: N —~y T~ LallTpall
= sin 0 cos ¢ N = Qi1 X Uy
= sin @, sin ¢ N -k = sin _arccos(fiy * Tpa)
1 - —_ s
= cos 0, Irpall
= —sin 6,.,; cos B, cos ¢ — cos B, Sin @ 8 arccos(fi; * Tpa)
= €0S B, COS @ —sin 6,.,; cos B sin ¢ 2 ITpall
Hoz = Sin B4 sinbp . arccos(fiy * 74)
1 - —
174l
arccos(fi; * 14)
V2 =

Cory Ruchlin, McGill
Former FSU UG

17l

, _Kf+lc§
<K>_ 2

x? = (cosy; — 3 cos a cos f3;)?
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iro2

Porphyrin Orientation

Axial dipole

¥

1

o,
.
-
£l
1 A
b 1
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A 33 | I | f ] ? ] i
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Porphyrin centroid

Theoretical FRET Efficiency

E theo —

Ry = 9780 [] bp n~*x*]1/6

Elheo

1
0.97
0.94
0.91
0.88
0.85
0.82
0.79
0.76
0.73
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J
iro2

Porphyrin Orientation

lElheo"Eepr
- 0.1
-0.09
-0.08
-0.07
0.06
-0.05
0.04
-0.03
-0.02
-0.01
0

e Possible orientation.
3 Not a unique answer.

Theoretical FRET Efficiency

E theo —

Ry = 9780 [] ¢p n~ #7116
E

theo

1
0.97
0.94

- 0.91

0.88
0.85
0.82
0.79
0.76
0.73
0.7



'E‘Qﬂ?gﬂp Porphiyrin Orientation

oo One transition dipole moment.

ho P Is a fluorescent FRET acceptor.

L_OH | _OH
0% ~O 0% ™0
| | | |

Old Bilayer New Bilayer 4



Emission Anisotropy
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Emission Anisotropy

Quantification of FRET-induced angular
displacement by monitoring sensitized acceptor
anisotropy using a dim fluorescent donor

Danai Lasrkaratr:ﬁu131r Guillermo Solis Ferna’1ndez2r Quinten Ct:mc:kelﬁzﬂr Eduard Frt)n2-3r Susana Rocha® 2r
Johan Hofkens?2, Jelle Hendrix ( 24 & Hideaki Mizuno® '™

Nat. Commun. 2021, 12, 2541.
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(high anisotropy)
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(low anisotropy)

Anisotropy

o
N
I

cpVenus
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-4Ca*

e i

2!
i !
T
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-E'Satlfgﬂp Emission Anisotropy
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Ongoing/Future Work
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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)

e Efforts to Control Structure are Underway



= Hanson Other Research Efforts

Photomechanical Polymers

| ,
® )TET 2!
Eif? |
b v

A445

‘-ﬁ

[ ¥ -

ACS Appl. Polym. Mater. 2022, 4,4081

Z-Scheme H, Generation
D-l-

; /’ ‘PC' Roft__ BNy

RO

PC* . /%Pho
\\\xk . PhOH
P(I
'15H,
J. Am. Chem. Soc. 2022, 144, 21568

Photochemical
Separations

Chem. Commun. 2018, 54, 7507

Chem. Ed Research

Rasch

CTT
Rasch —,
QCTT —
Exam + Question
Quality

J. Chem. Educ. 2021, 98, 5, 1529.

Chronbach's Alpha,
Student Ability,
Point-Bisereal,
Item Difficulty,

Cohen's d,
Average,
Qutfit,

D, DI

J. Chem. Educ. 2023, 9, 3454.

VS.

J. Chem. Educ. 2024, ASAP.




Ask_a_Scientist_Gaming
Combining mediocre game play and professional science, our stream brings you experts in various

scientific disciplines playing games, drinking, and answering questions from chat. Join us and share
our love for video games and all things science.

Every other Wed. 8-11 pm ET

w a0 6

STREAM CHAT 2t

w Following Browse Esports Music =+

q

commander keon

pe
How do you feel about python®?

b_: Yeah, he has the implant and a surgery robot to put

bb_: They also have successful trials in pigs
rmjirm: that seems il very important advice

The scary part to me was you have 1o charge the
implant every night
- ‘What happens if your nural implant collapses?

L
O
a
]
&
¥

arobb_: Real Gamer Hours
4 What is a wave function?

"4

Ask_a_Scientist_Gaming
Dr. Eugene DePrince, Quantum Chemistry, playing Doki Doki Panic




Ask a Scientist Gaming on Twitch.tv
Wed. July 3rd, 8-11 pm ET

G C3Njy CoN2  CyN

Guest:
Prof. Bin Ouyang ® @1 @)
(Chemistry & Biochemistry)

Expertise: oy
Computational chemistry .COMetal '
Machine learning ON Q0 OH

Energy storage materials

"B EmEE o
o =]

. ce|se] i ][l e fcol ][l zn][ ]
Games: Double Dragon T b R

Contra (o] [l el s el AST el ][]

Super Mario Bros. tm" " "E—zoo

NARC

meV/fatom)

AB ABC ABCD
(378 types) (3276 types) (20475 types)



ma nson

LResearchGroup ACkﬂOWledgementS

Not Pictured Contributors

=Dr. Ashley Arcidiacono
(Uchicago, Postdoc)

=Dr. Suli Ayad
(TCC, Prof.)

®"Cory Ruchlin (McGill, Grad)

=Sarah Lindbom

= uke Jodoin

wemn g || -‘10\ T
“ y e

e
\ P
}
"h
: %@ 0
- —
—

Collaborators
*Dr. Raaj Winfred (FSU)
=Dr. Igor Alabugin (FSU)
- ~ B - *Nikolas R. Dos Santos (FSU)
@UT\ s | =Dr. Scott Saavedra (UA)
: N *Dr. Brooke Massani (UA)
=Dr. Biinyemin Cosut (Gebzg Tech)




Hanson Questions?

O @HansonFSU .



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Structural Control: Humans
	Metal Ion-Linked Multilayer
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Metal Ion-Linked Multilayer
	Metal Ion-Linked Multilayer
	TTA-UC Emission
	TTA-UC Emission
	Mechanism
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Metal Ion Linked Multilayer Structure
	Bilayer Structure
	Polarized Attenuated Total Reflectance
	Metal Oxide-Anthracene Structure
	Metal Oxide-Anthracene Structure
	Multilayer Structure
	Multilayer Structure
	FRET and Structure
	FRET and Relative Orientation
	FRET and Relative Orientation
	Polarized ATR
	Porphyrin Orientation
	Porphyrin Orientation
	Porphyrin Orientation
	Porphyrin Orientation
	Porphyrin Orientation
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Emission Anisotropy
	Bilayer Structure
	Bilayer Structure
	Polarized Attenuated Total Reflectance
	Ongoing/Future Work
	Inhibiting Distortion
	Decay Kinetics
	Strategic Surface Binding
	Conclusions
	Other Research Efforts
	Slide Number 66
	Slide Number 67
	Acknowledgements
	Questions?

