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. San Francisco bus%
Good efficiency: 16-20% Promise of low cost
Moderately high cost Low efficiency: panel = 3%,

Laboratory cell record = 8%
Today'’s talk:

 Issues with organic photovoltaics
» Open circuit voltage and what to do about it
» Exciton transfer and steering in organic materials
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Solar Cell Efficiency
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Solar Cell Efficiency
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Excitonic Mechanism for Organic photovoltaics

- 1) Absorption and

i1 [p— exciton formation

M~ |2> — 2) exciton diffusion
Red

O
‘ — 3) Exciton dissociation
Acceptor /, @ 4) Charge transport

Donor
5) Carrier extraction
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Limitations of Organic Photovoltaics

- 1) Absorption and

i1 —_ exciton formation

NA Q> — 2) exciton diffusion
o

©
‘ — 3) Exciton dissociation
Acceptor /’ ® 4) Charge transport

Donor —_
5) Carrier extraction

Yy e s

5 1 S
P, h* A n = Jge XV, X FF
(1 sun, AM1.5) LY P P
4 0
Limit Jg¢ Problems:

« Poor spectral overlap with solar, weak absorb.
Limit V. » Exciton migration, typical Ly 10-30 nm
oc « Carrier conductivity must be high

US(C » Open circuit voltages are typically low




Kinetic Control of V¢

At V¢ the photocurrent is cancelled out by the injected current: steady state
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Kinetic Control of V¢

At V¢ the photocurrent is cancelled out by the injected current: steady state
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Solar cell physics

* Rs, Series resistance :

R _JR v carrier mobilities, contact
J=—"0=F" {JS {exp(q(\/sj —1} + } =Ja(V) resistance

nkT R * Rp, Parallel resistance

P
* J,, Diode current:

Rp —»
= Shockley equation)
;- J{exp[q(\/ —JRs)j_l}_Jph . _\:Iph, ph(:_tocurrent:
nkT illumination
» J,, saturation dark
current
at V_Voc, J Jsc + n, diode ideality factor
Light
v nkT nkT Jsc
oc
q Js Dark

Fahrenbruch, A. L.; Aranovich, J., Solar Energy Conversion - Solid-State Physics Aspects. (1979).
USC B. P. Rand, et. al., Phys. Rev. B (2007)

Controlling V,

* V.. should correlate with the energy
gap: acceptor LUMO - donor HOMO

- Voc oc AEDA
e — Observed for OPVs (polymer & molecular)
Donor » AE,, controls the dark current

4E,,

Acceptor Jg ocexp (— AE 5, )
h+ Light

vV nkT nkT | Jse
*q Js Dark

AE, T Jsd Ve T

Fahrenbruch, A. L.; Aranovich, J., Solar Energy Conversion - Solid-State Physics Aspects. (1979).
USC— B. P. Rand, et. al., Phys. Rev. B (2007)




Device Performance of subPCs

AEDA Voc
e

4Ep,  Cathode CUPC/F,SubPc 1.0  0.13

A
— 7>
Anode A CuPc/
— (NO,),SubPc 1.3 0.22 0.3 0.09
CuPc/Cqg, 1.7 0.46 0.7 0.33

CuPc/ClgSubPc 1.7 059 0.7 0.46
SubPc(H)/Cs, 1.9 0.97 0.9 0.84

AEpp T Js4 Vo T

CuPc = Copper(phthalocyanin)

D/A Jg AEg, Voo V, calc
(BA/cm?) (eV) (V) (V)
CuPc/F,.-SubPc 209 1.0 0.13 0.14
CuPc/(NO,),-SubPc 30 1.3 0.22 0.21
CuPc/Cyy 1.1 1.7 0.45 0.42
CuPc/Cle-SubPc 0.008 1.7 0.59 0.58
SubPc/Cq, 3.20e-6 1.9 0.97 0.98
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Motivation for using Pt(TPBP) in photovoltaics

G 3 O RN BCP

OG0 OO o
ggv 8 FAAAA

1.0~ Thin Film Spectra (20 nm)

CuPC
—— PY(TPBP) op; =5.9x10°5cm?
—— Pd(TPBP) Opg = 6.0 x 10% cm’?

0.5 Ocype = 2.1 x 105 cm?

Absorbance

v High absorption coefficient: initial interest
was in the intense absorption not V¢
0.0 v Soret ,Q-band at similar (high) intensity
300 400 500 600 700 800

US(C Wavelength (nm)




Motivation for using Pt(TPBP) in photovoltaics
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Motivation for using Pt(TPBP) in photovoltaics
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Pt(TPBP) OPV performance
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Dark currents

» Source of Jg depends on the origin of dark current

— For OPVs, recombination/generation dominates the dark
current

- T e
Js =Js xp nkTg z
%‘ J Reé/;e;sse :FoEr;\;vaasrd D
a T
3= 3 p(—AEDA] 5 nkT, A
S SO 3
2nkT ° 05 00 05 i
Applied Voltage (V) h

Fahrenbruch, A. L.; Aranovich, J., Solar Energy Conversion - Solid-State Physics Aspects.
US(C (1979). Bube, H. R.; Fahrenbruch, A. L., Advances in Electronics and Electron Physics. (1981).

V,. dependence

nkT , [ J
V, o~ In| Ss¢
(—AEDA] g ‘Jso 29
Js=Jdg &Xp| ——
2nkT

= What determines Jg5?
- Density of States at the band edge
- Intermolecular coupling at the DA interface
Strongly related to the kinetics of
charge generation/recombination:
Small Jg, = slow recombination

AEp, = HOMO,, — LUMO,

M.D. Perez, et. al., J. Am. Chem. Soc., 2009
W. J. Potscavage, et. al., Appl. Phys. Lett. 2008

USC
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v-"Tn[2] 3¢ CUPC vs. PETPBP  ve="nl3 |+ 52
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nkT

i '”(JSJ Jso: rubrene vs. tetracene V. -"s 3=+

AEy,
2q

Donor /Cq,(400A)/BCP(100A)/AI(10004)

O
M
w] | ZeRubrene Tetracene
2 o, Y
g 001.! Q g=/
8 15'31\ - AM‘(J
5 1E-4 y T =="‘\i==\ #
O O
PR e T Rubrene
Voltage, V
Jso nkT AE 2 Voc ex
— pal£q Y
ponor 1 masem | g n(Jw }V) V) ™
Tetracene 150 -0.24 0.80 0.55
Rubrene 1.1 0.05 0.90 0.90

USC
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Molecular shape , morphology and Jg,

Donor /Cg,(400A)/BCP(100A)/AI(1000A)

‘]S
Donor | (uA/em?) | Jso AEpp(eV) | VoXp. Nonplanar
molecules
subpC | 3x10% | g 1.9 088 increase D-A
separation and
2.7x103 .
D 4E,, Rubrene 1.1 1.8 0.9 slow carrier
A NPD 5.17x103 11 1.9 0.85 recombination.
pttpep | 0.020 12 14 0.69 High steric
Tetracene | 0.077 150 1.6 0.55 bulk =low Jso
PtOEP 0.081 | 51x102 1.8 0.52
CuPc 11 M 17 0.48

Ve is largely unrelated to AE,
M.D. Perez, et. al., J. Am. Chem. Soc., 2009
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Acceptor variation

» Perylene-diimides

1: D.R.T. Zahn, et. al.,

Acceptor IPES DFT
(eV)! | LUMO (eV)?
PTCDI 4.04 3.7
Ph-PTCDI 3.95 3.6
dmPh-PTCDI 3.6
3.3eV *
. —~ — Ph-PTCDI
4ev El — PTCDI
. S —— dmPh-PTCD||
CuPc 3
AE,, — ¢
o a8
fize) POl 5
5.2eV 8
< L
400 500 600 700
6.2eV Wavelength (nm)

Chem. Phys. 2006
[['JS(C 2: P.1. Djurovich, et. al., Org. Elect. 2009

» Donor sterrics controls V5. how about acceptors?

Q o)
RN N-R
8gegs!

PTCDI
~H
Donor-CuPc
Ph-PTCDI
""" Donor CuPc
Dihedral =60°
dmPh-PTCDI
H30
HSC Donor-CuPc
Dihedral =89°
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Acceptor variation

» Donor sterrics controls V4 how about acceptors?

(0] [o]
ITO/CuPC(200A)/PDI(200A)/BCP(L00A)//A . 0 -
—— dmPh-PTCDI
F—— Ph-PTCDI —r] d o)
A1° ——pTCDI e
251
z 10 - 15¢ Donor-CuPc
i3 B
N :y ot Ph-PTCDI
"] 105 -
0.4 0.0 0.4 152 @ Donor-CuPc
Voltage (V) Dihedral =60°
Acceptor Voc Jso Jsc FF EQE dmPh-PTCDI
PTCDI 28 | 1500 | 321 | 54 | .49 e
Ph-PTCDI | 35 | 710 | 273 | 60 | 59 |
dmPh-PTCDI | .50 9 207 | 55 | 57 Hc B el
[USC Dihedral =89°
Steric bulk of acceptor T: v, T
R o ITO/CuPC(200A)/PDI(200A)/BCP(L00A)//A
E —— dmPh-PTCDI
= —— Ph-PTCDI —
E A10 ——PTCDI e
3 < o
O ¢ s 0Ll
§ T 10 I 1.5
£ E;‘ )N /) 2
TR Wi
< 4w s0 | el 0 800 < 0.0 2
Wavelength (nm) = -0.58
e -1.0§
3 0.0 a4
Voltage (V)
Acceptor Voc Jso Jsc FF EQE
PTCDI .28 1500 3.21 .54 .49
Ph-PTCDI .35 710 2.73 .60 .59
dmPh-PTCDI .50 9 2.07 .55 57

USC Intermolecular interaction strongest for PTCDI: lowest V¢




Classic Solar Cell Problem

. " 10°
* Increased V. with substitution 10?
> 510" e
Al 2340 LT
BCP (1004) 5 B R
Cio (400A) € 10
ACENE (600A) 2 1 J/ /ﬂ
ITO 3% ©
o _l [
E 2 | —— Tetracene
- — —DPT
O -3f Rubrene
4750 0.4 0.8 1.2
CCOCL CCCl Qo0 voltage (V)
Tetracene O O @ » Improve One Thing - Screw Up Another
DPT Rubrene » Increased steric bulk = higher V¢

T 4 * But:

. : — Higher resistance: lower FF, Jg:

— Lower density: lower optical density
and Jg

USC

Lamellar Donor for Tailored Interfaces

— —_—
Efficient Charge
Transfer
hv K . -
Small Long Exciton Diffusion Small
AAA 4 [ Ky ] [ High Charge Mobility ] [ Koo ]
L |
‘ Y | AccePTOR
Multilamellar
] DONOR
Requirements:
* Hole Transport Energy Alignment

« Slightly Cascading Exciton Energy

USC




Exciton Energy Cascade
2.8 Excitation Forster
L Emission Excitation
26 S Transfer
S o YN S S SO A 151’1
K2 il N A N S
> s S g Ry RN S 1
S 29 N pa
o < I N L
c | Optical Charge
i} 20 Excitation Transfer
) ® QO Quenching
Ticece|lsece]deece
0 1 1 db
Suppressed CE:;(}cnton and Suppressed
Leakage: Tra&;rgsort' E_echo(mt))lcatlon:
High . . ighier
US(C 'gh(en Voc High(er) FF,Jgc o¢
Photovoltage Enhancement
* 200 mV Enhancement & g
Vo 055V = 0.75 V § /4 1
it g s §‘°;\-{ s ¢
%... 610'--_6—?:2—3%%5 g o
Peee §° g
E . EREREEE
- o 5[
5 —o— Ttn Donor
400 A 3 el
S GO 1058 04 00 04 08
CoC0| o0 |CCCO Voltage (V)
9 OO Mulitlamellar Donor:
— * Enhanced Voc
50, 300, 50 A o Jgc retained
AEpy=1.7 eV
Donor Ve (V) J.. (mA/cm?) FF n
Ttn 0.54 2.86 0.54 0.83
[[JSC__ ppt/Ttn/Rbn 0.75 2.55 0.50 0.95
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Absorption & Emission Spectra PtTPBP
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B o0l o
:g 1.0 o4 a
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< g
00
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PtOEP Wavelength (nm)

< Benzannulation red shifts Soret and Q, remain fairly narrow
« Verysmall S;-T,;gap: S;=19eV;T,=1.6eV

¢ Filling the gap between Soret and Q

[[JSC__- How about extending conjugation at the meso positions??

Mixed Materials to Fill the Porphyrin Gap

® Transient Absorption lets us track
Singlet Energy  the kinetics after photoexcitation

@000 m \\Tr:nsfer

s Intersystem
@ ES 51,Pt|TPBF\Crossing

Ti,pyteee) Triplet Energy

\A'I'ransfer
Charge
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' 4
1 1
1 1
1 1
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1 1 T o Transfer
1 ] 1,0PT
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1 1 —
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: : £, 0.8 -+---Neat DPT
e 8 0.6 A
So,opT SopyTPBP) £ 0 )
i . g il /! R\
Si @ O 4 B 0.2- /f’l".‘: |\- v
@ o PR i T =
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US(C Wavelength [nm]
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Transient Absorption Spectroscopy

Epump EprOhQ

(NN
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Energy
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Pt(TPBP) Transient Absorption Spectra
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" i
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DPT Doped with Pt(TPBP)

1/ksr =35 ps

4.0
2.0 — . Intersystem
S1,pqrpaNrnssing
g L
o O¥n-rfF=-=-=-=-=-=-=-=-= 1 T1pyreep) Triplet Energy
= i Transfer
1
£ 201 ; —
-g : T1,0pT
% -4.0 4 —10ps 1
—50 ps :
-6.01 100 ps So,pyTPBP)
—600 ps
T

400 4%0 560 560 660 650
Wavelength [nm]
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DPT Triplet Yield

1/k;r=35ps Q=85 6%

25
-=-- Ground State o AAbs Residual
304 —™ ; ——T, Abs - GSB
-2.0
_ 4 'E' 2.0
g = 15 E
$ 201 T 15 o
) = T
= & 1.0 ©
« i\ 319 =
1.0 1 LA H \ W
'-' "‘ '.' '-‘ 0.5- L 0.5
T s ’\\ a“ .‘\‘ f‘ “-
.__--"'..-"'-"!I - .‘-u ""J"‘-'“-J n
0 T T T T T T 0 T T T T T T T T v
400 420 440 460 480 500 400 440 480 520 560

Wavelength [nm] Wavelength [nm]
C. Burgdorff et. al. Spectrochim.

USC Acta. 44A (1988) 1137.
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Photoexcitation of DPT

Singlet Energy
— . Transfer 25
- e \ s AT | 5% PYTPBP):DPT
'I‘ SanaaNmssing
1 —
1 T1,piTeer) Triplet Energy
: Transfer
1 | —
: Ti,oprT
1
1
1
1
1 T T T T T T
e 450 500 550 600 650 700
s Wavelength [nm]
* 5% DPT:TFS 5
o 1 | —10ps
8 2 — 50 ps E
[ — 200 ps o4
E 2
» —
< 8
4 <
450 500 550 600 €50 700 - 450 500 550 600 650 700

'[U Wavelength [nm]
| AN

Wavelength [nm]

Singlet Energy Transfer

1 5% Pt(TPBP):DPT

AAbs [norm.]

1/kgy = 4.6 ps

Distance 1/ke
[nm] [ps]
1 0.175

2 11.2
3 127.5

4 716
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Device Characterization

BCP (10 nm)

ITO

Pt(TPBP)

'

400 500

USC

T 1
700 800

Wavelength [nm]

Singlet Fission

ool N L | E— L .
o 25 50 TS5 100 128 180
TIME [millizncon; da)

S. Singh et. al. J. Chem. Phys. 42(1)

Pathway to Multiexciton
Generation
— One photon in > two excitons out
— Less photon energy lost to heat

Has Been Observed in
Anthracene, Tetracene, &
Pentacene

— Yield is dependent on
morphology

Fission is Uphill for DPT
(0.8 eV > 32kT)

USC (1965 330.
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DPT Fluorescence Lifetime Experiments

-
(=]
(=]
d

—— CHCl3
—— Neat Film

-

-
-

al

Photon Counts [norm.]
2 2

-
(=)
[N
d

Singlet Fission in DPT

%3

5% DPT:TFS

L
L h

AAbs [mOD]

=1
I I

450 500 550 600 650 700
Wavelength [nm]

o
o

Neat DPT
—0.1ps
—1ps
— 5ps
50 ps
— 200 ps

:

w
o
1

AAbs [mOD]

, ; ; ; — 400 440 480 520 560
400 450 500 550 600 650 Wavelength [nm]
t Wavelength [nm]

21



Conclusions

USC

Pt{(TPBP)

1/KsT=4.6 ps

\_

St,PqTPBNRISC =400 fs

»,
(2
|

D

A

: 4 N

[

]

: : T1,PUTPBP)  4/kry = 35 ps

1

1 ]

! 1 T_ Occurs

1 1 1,DPT\

1 1 s

I : [DPT*Cgo]

I

1 1 o

: : Sy pyrrer) 2 Tipprs 85% Efficient
So,opPT So,P{(TPBP)

» Singlet Fission May Contribute to the
Triplet Exciton Yield when Pumping DPT

Pt(TPBP) Absorption Enhancement

Absorbance (a.u.)

USC

Can we compensate for the low 450-550 nm absorption intramolecularly?

1.0 e P{(TPBP)
0.8
0.6
0.4 4
Pt(TPBP)

- L
0.0 T T T T T T g 1

300 400 500 600 700

Wavelength (nm)

22



USC

Pt(TPBP) Absorption Enhancement

A multichromophoric approach using BODIPY antennae:

— MeZBODIPY—Ph
1.0 —— P{(TPBP)
3: 0.8
s
]
2 06+
©
o |
-
8 0.4
g | Pt(TPBP)
0.2 &
/N7 ONF
1 — / /
0.0 T T T T T T T 1
300 400 500 600 700

Wavelength (nm)

Me,BODIPY-Ph

Collecting Solar Energy

€/10°M" em™

®/10" cm?s™

US

Covering the visible spectrum with broad, intense absorbers

* Pt(TPBP) [blue trace] performs

N — Solar Flux well in solar cells but exhibits
—— Pt(TPBP) P .
N " Chioropnyns  Minimal absorption between 450
and 550 nm
1 ~A£L
0 400 500 600 750 Integrated Absorption Coefficient (M-'cm™)

Chlorophyll B—3.8 X 108 M-
Pt(TPBP) — 6.2 X 105 M-"!

50% Photon Capture Threshold in 1 cm
Chlorophyll B — 43 pM
Pt(TPBP) — 55 uM

Wavelength (nm)

(d?ate of photon absorption (2 uM sol’n)
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Collecting Solar Energy

Covering the visible spectrum with broad, intense absorbers

Sart W
EMOM em B

* Pt(TPBP) + 4 BDP: blue trace
*Chlorophyll B: red trace
* Ru(bpy);?*: green trace

-
=z

@10 em*s”

500 600 700

Integrated Absorption Coefficient (M-'cm™")
Chlorophyll B - 3.8 X 108 M!

Pt(TPBP) — 6.2 X 108 M-!
Pt(TPBP)/BDP — 11.0 X 108 M-!
Ru(bpy);** — 0.7 X 108 M!

50% Photon Capture Threshold in 1 cm
Chlorophyll B — 43 pM
Pt(TPBP) — 55 uM

400

US

500 600 700
Wavelength (nm)

P(TPBP)/BPD — 12 pM

Ru(bpy);* — 1000 pM

date of photon absorption (2 uM sol’n)

Pt(TPBP) Absorption Enhancement

1.0

0.8

0.6

0.4 -

Abs/PL Int (a.u.)

0.2 4

0.0
300

s

A multichromophoric approach using BODIPY antennae:

400 500
Wavelength (nm)

Me BODIPY-Ph Abs

= P{{TPBP) Abs
MezBODIPY—Ph Em

Efficient FRET
should be possible

Y —
FaN, NNBF,
N/ N,
= ~ S

N b~

EnT Efficiency (10 A) >99%
1/Keger = 1.2 ps
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Synthetic Strategy

Synthesis had some hiccups at first, but we can obtain pure material...

F2

/B\
/ N N= H
P N 1)BF;-OEt, 1) PtCl,
. \ / 200 o o0 BDP —PNCN o Bpop BDP
35% 2) DDQ
10%
X O
BDP-COH H,(BPPTPCHP) Pt(EPPTPBP)

1) DDQ

2 Em_‘ DIBAL-H

CN
NH,CI

USC

BODIPY Phosphorescence

Low-temperature PL of the platinum cyclohexenoporphyrin intermediate
Pt(B°PTPCHP) showed an unexpected low-energy emission:

= Em 410:500-850

BDP exciton: —— Ex 760:300-730
S,=23eV
T,=16eV
3
K
2 o064
@ ’ Pt(B°PTPCHP)
3
f 0.4 Emission @ 756 nm is ca. 100
o nm lower in energy than
02 expected for this Pt porphyrin
1 L\‘ } Assigned to very

0.0 . ; . r . - - - . ; 4 unusual (only two other
300 400 500 600 700 800 examples) BODIPY
Wavelength (nm) phosphorescence

USC
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Pt(BPPTPBP) Photophysics

For the oxidized product, a single phosphorescent emission is observed
irrespective of solvent:

Absorption

——Excitation n, =770nm)  NONradiative rates are very
121 —s—Emission (A, =435 nm) medium-dependent:
Solvent (0] T

3 Toluene 0.26 |67 ps
g 2-MeTHF 0.14 |(36ps
E Cyclohexane 0.13 33 us
= DCM 0.006 | <1ps
PMMA (0.5wt %) | 0.17 |95 us

, — e , 2-MeTHF (77K) |N/A | 92ps

400 500 600 700 800

Wavelength (nm)

[ﬁg@'on (764 nm @ 77K) is very close in energy to BODIPY triplet — is 3BDP involved?

Transient Absorption (*BDP -> *Por)

Singlet Energy Transfer
ke t=1.29 £0.11 ps
Kerer * (pred.) = 1.2 ps

ST
K kisc
'BDP
=] “ .‘: 1
% ' Por
3Por
pump pump
510 nm 620 nm
400 4&0 51‘10 5‘50 ﬁi‘)ﬂ 6‘50 760
Wavelength (nm)
BDP Por
Upon irradiation of BODIPY (510 nm), a
bleach immediately appears and recovers Singlet transfer here is 4x faster
with growth of the benzoporphyrin triplet than intermolecular: DPT-PtTPBP.

USC
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USC

Transient Absorption (3Por = 3BDP)

Triplet transfer
—

——515nm
— 515 nm (fit)
= —— 620 nm

Dy —— 620 nm (fit)

T
10 100
400 450 500 550 600 650 700 Time (ps)

Triplet energy transfer (k;;* = 99.6 % 7.1 ps)

This redistribution of energy is made possible by the . .
different singlet-triplet gaps of porphyrin and BODIPY. ~ Triplet transfer is ca 3x slower than
S,-T,: BDP=0.7 eV, PtTPBP =0.3 eV for intermolecular: DPT-PtTPBP

AmOD (normalized)

Nanosecond Transient Absorption

USC

—5us
——800 ps . T T T r
1.0 400 450 500 550 600 650
‘Wavelength (nm)

T T T T T 1
400 450 500 550 600 650 700
Wavelength (nm)

The transient absorption profile remains constant from the pico- to
microsecond regime:
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Nanosecond Transient Absorption

1.0+

0.5

0.0

AmOD

Intensity (a.u.)

0.5 —Em 768 nm
—TA 620 nm
.0 T T ¥ T T T T T r
o 20 40 &0 80 400 450 500 550 600 650
Time (ps) ‘Wavelength (nm)

The microsecond TA decay matches the phosphorescence decay

USC

Energy Transfer in the Ensemble

A concerted view of the multichromophoric system:

bar
- k,a,;'"__.."-._ Measured rate constants and energy levels for
'BDP 2 ' Pt(8PPTPBP)
A Keq ' "Por ker (BDP—'Por) 7.8 % 101 51
'BDP . F... Por kisc (Por) 2.5x 101257
i kg GPor—3BDP) 1.0 x 1010 s~
kg CBDP—3Por) 1.6 x 101 1
pump Pump pump - 5 o1
510 nm Kgocay 440 nm| | 620 nm kdemy k. + k. 1.5%x105s
K.y = ke/kg 0.61
E(BDP) 758 nm
E(*Por) 764 nm
BDP Por

Energy absorbed across the visible is efficiently funneled into an equilibrated
state containing roughly isoenergetic BODIPY and porphyrin triplets

k;r (3BDP->3Por) is consistent with predictions from Balzani’s work for
[USC triplet superexchange across a single phenylene linker (1.1 X 10%0s71)
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Energy Redistribution in a Core-Shell System

These findings show that energy can be efficiently funneled and redistributed in
core—shell chromophores by triplet management

Measured rate constants and energy levels for

Pt(®P*TPBP)

kgr ('BDP—'Por) 7.8 x 10" 57!
Triplet exchange Ky (Por—*BDP) L0 X105
Singlet Transfer kg CBDP—3Por) 1.6 x 1010 57!

K., = kp/ky 0.61

E(BDP) 758 nm

E(Por) 764 nm

Lowering the shell chromophore energy or raising the core energy will shift the
equilibrium to localize ALL of the exctions on the periphery.

Por-Por excimer formed in neat thin films, limits exciton diffusion

USC
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