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1 UV/VIS absorption spectra

Molar absorptivity of derivatives 1-10 are displayed in figure S1.
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Figure S1: Molar absorptivity of derivatives 1-10.

Normalized absorption of derivatives 1-10 at the solubility limit in toluene compared

to absorption in solution is presented in figure S2-S11.
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Figure S2: Absorption of 1 in solution and at saturation in toluene.

Figure S3: Absorption of 2 in solution and at saturation in toluene.
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Figure S4: Absorption of 3 in solution and at saturation in toluene.

Figure S5: Absorption of 4 in solution and at saturation in toluene.
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Figure S6: Absorption of 5 in solution and at saturation in toluene.

Figure S7: Absorption of 6 in solution and at saturation in toluene.
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Figure S8: Absorption of 7 in solution and at saturation in toluene.

Figure S9: Absorption of 8 in solution and at saturation in toluene.
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Figure S10: Absorption of 9 in solution and at saturation in toluene.

Figure S11: Absorption of 10 in solution and at saturation in toluene.

2 Triplet Decay of Anthracene Derivatives

Triplet state absorption decays of derivatives 1,3-10 are shown in figures S12-S20. Insets

are residuals to the fit.
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Figure S12: Transient absorption decay of 1 at 452 nm corresponding to the triplet
excited state
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Figure S13: Transient absorption decay of 3 at 452 nm corresponding to the triplet
excited state
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Figure S14: Transient absorption decay of 4 at 452 nm corresponding to the triplet
excited state
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Figure S15: Transient absorption decay of 5 at 452 nm corresponding to the triplet
excited state
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Figure S16: Transient absorption decay of 6 at 452 nm corresponding to the triplet
excited state
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Figure S17: Transient absorption decay of 7 at 452 nm corresponding to the triplet
excited state
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Figure S18: Transient absorption decay of 8 at 452 nm corresponding to the triplet
excited state
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Figure S19: Transient absorption decay of 9 at 452 nm corresponding to the triplet
excited state
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Figure S20: Transient absorption decay of 10 at 452 nm corresponding to the triplet
excited state

3 Rate Equations governing TTA-UC

Assuming that on the timescale of the experiment the laser pulse, the absorption of the

sensitizer and the following intersystem crossing to the triplet state is instantaneous and

that the sensitizer concentration is low enough that no triplet-triplet annihilation occurs

between sensitizer molecules or sensitizer and annihilator molecules the rate equations

governing the triplet-triplet annihilation system are:S1

d[3S∗]

dt
= −kTET [3S∗][1A] (1)

d[3A∗]

dt
= kTET [3S∗][1A] − 2kTTA[3A∗]2 − kPA[3A∗] (2)

d[1A∗]

dt
= kTTA[3A∗]2 − kF [1A∗] (3)

d[0A]

dt
= −kTET [3S∗][1A] + kTTA[3A∗]2 + kF [1A∗] (4)
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where [3S∗] and [3A∗] are the sensitizer and annihilator triplet concentrations respec-

tively. Correspondingly [1A∗] and [1A] are the concentrations of annihilator in the excited

singlet and ground state respectively. In reality one TTA event does not necessarily form

a singlet state if triplet and quintet states are energetically accessible, and spin-statistics

was first assumed to limit the TTA process to efficiencies below 1/9. However experi-

mental data has disproven this limit with observed efficiencies well above 1/9.S2,S3 Unfor-

tunately a full theoretical prediction of the actual limit for TTA systems is still lacking.

Therefore we have, like others,S4 chosen not to consider spin-statistics in the above rate

equations.

Initial triplet concentration of the sensitizer [3S∗] is estimated from the ground state

bleach at 540 nm. At 410 nm three features are observed over the time period of data

recording; the annihilator triplet absorption together with the sensitizer triplet absorption

are first observed as a positive feature in the transient, this is followed by an change to a

negative feature as the emission from the annihilator singlet state rises due to TTA, this

is as expected for a TTA-UC system. Therefore the recorded transient at 410 nm has to

be fitted to equation 5:

∆A410nm = ∆εAT × [3A∗] + ∆εST × [3S∗] − aFL × [1A∗]. (5)

Where ∆εAT and ∆εAT are the differential absorptivity of the annihilator and sensitizer

respectively, taking into account the triplet state absoprtion and ground state bleach.

aFL is a scaling factor for the fluorescence intensity of the annihilator. At 650 nm only

the sensitizer emission is observed and the decay is fitted to equation 6:

∆A650nm = −aPhos × [3S∗]. (6)

where aPhos is a scaling factor for the sensitizer phosphorescence intensity. Differential

equations 1-4 are solved using MATLAB’s ODE solver ode23s. The obtained concentra-

tions at defined time intervals are then used in equations 5 and 6 and the results are
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compared to the obtained data at 410 nm (0.1-5 µs and 0.0001-1 ms) and 650 nm (0.1-5

µs) simultaneously. The difference is minimized using the fmincon function in MATLAB.

Due to limited time resolution of the laser setup and detection system fits were performed

beyond the first 100 ns of the transients.

Plots of fitted transients are displayed in figures S21-S25. In these figures the top

graph shows the transient at 410 nm and the fit to equation 5, the inset shows the fit to

equation 5 between 0-5 µs as well as the decay at 650 nm and the corresponding fit to

equation 6.
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Figure S21: Transient absorption measurements of 1(1 mM) and PtOEP(3.4µM) at
410 nm (Emitter Decay, blue) and 650 nm (Sensitizer decay, black) and respective fits of
equations 5 and 6 to the decays. Bottom panel shows the residual of the fitted annihilator
decay.
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Figure S22: Transient absorption measurements of 3(1 mM) and PtOEP(3.4µM) at
410 nm (Emitter Decay, blue) and 650 nm (Sensitizer decay, black) and respective fits of
equations 5 and 6 to the decays. Bottom panel shows the residual of the fitted annihilator
decay
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Figure S23: Transient absorption measurements of 4 (1 mM) and PtOEP (3.4µM) at
410 nm (Emitter Decay, blue) and 650 nm (Sensitizer decay, black) and respective fits of
equations 5 and 6 to the decays. Bottom panel shows the residual of the fitted annihilator
decay

S15



time (s)
×10

-4
0 1 2 3 4 5 6 7 8 9

-0.02

0

0.02
×10

-4
0 1 2 3 4 5 6 7 8

∆
 A

-0.08

-0.06

-0.04

-0.02

0

0.02

 kTET = 2.35x10
9
 M

-
1s

-
1

 kTTA = 1.98x10
9
 M

-
1s

-
1  ǫ

E
T = 1.42x10

4
 M

-
1cm

-
1  ǫ

S
T = 4.1x10

4
 M

-
1cm

-
1

×10
-6

0 2 4

-0.08

-0.06

-0.04

-0.02

0

0.02

Figure S24: Transient absorption measurements of 5(0.67 mM) and PtOEP(3.4µM) at
410 nm (Emitter Decay, blue) and 650 nm (Sensitizer decay, black) and respective fits of
equations 5 and 6 to the decays. Bottom panel shows the residual of the fitted annihilator
decay
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Figure S25: Transient absorption measurements of 10(1 mM) and PtOEP(3.4µM) at
410 nm (Emitter Decay, blue) and 650 nm (Sensitizer decay, black) and respective fits of
equations 5 and 6 to the decays. Bottom panel shows the residual of the fitted annihilator
decay
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4 Stern-Volmer quenching of PdOEP
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Figure S26: Stern-Volmer plot of PdOEP quenching by derivatives 1-10

5 Freeze-Pumping procedure

The following procedure was followed for degassing the UC-samples:

1. Freeze the Sample

2. Pump to P<1E-4 mbar

3. Close

4. Thaw

5. Close

6. Repeat 1-2

7. Refill the frozen sample with Nitrogen

8. Pump to P<1e-4 mbar

9. Repeat Steps 3-8 two times

10. Close

11. Thaw

12. Refill with nitrogen

13. Repeat steps 1-8

14. Repeat steps 3-8 once

15. Repeat steps 10-12

16. Repeat steps 1-8

17. Repeat steps 10-11

S17



18. Repeat steps 1-2

19. With the sample still in liquid nitrogen seal the sample with a Propane-Butane

mixed gas burner.

S18



6 NMR Spectra of synthesized derivatives
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Figure S27: 1H-NMR of 3
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Figure S28: 13C-NMR of 3

S20



G
-G

G
-T

_
-G

_
-T

P
-G

P
-T

R
-G

R
-T

O
-G

O
-T

T
-G

T
-T

N
-G

N
-T

c
-G

c
-T

d
-G

�_
5f
�
�
�

 

)
T
G

GT
G

_
G
G

_
T
G

P
G
G

P
T
G

R
G
G

R
T
G

O
G
G

O
T
G

T
G
G

T
T
G

N
G
G

N
T
G

c
G
G

c
T
G

d
G
G

_
O
G
c
P
R
�

�
�
�_

N
)
R
d
�
�
�
�

�
�

�
�
G
G
_
�
�
�
�
�R

_
O
G
c
P
R
�

�
�
�_

N
)
R
d

O-GNcc
_-llG_
N-lNOP
_-ldcR
P-GGGG

c-RPdN
c-RcNd
c-Oc_R
c-OdcT
c-TNPd
c-NRcR
c-cGGR
c-c_PP
c-cPTN
c-dcPd
c-dlRG

�

� �

�

�

�

�

�

	�



�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
	

�



�
�

�
�

�
�

�
�

�
�

�
�

�
�

� �
�

� �
	

� �



Figure S29: 1H-NMR of 4
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Figure S30: 13C-NMR of 4
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Figure S31: 19F-NMR of 4
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Figure S44: 13C-NMR of 10

S36



m
A
F
F

m
P
I
F

m
P
R
F

m
P
O
F

m
P
U
F

m
P
L
F

m
P
_
F

m
P
M
F

m
P
A
F

m
P
P
F

m
P
F
F

m
I
F

m
R
F

m
O
F

m
U
F

m
L
F

m
_
F

m
M
F

m
A
F

m
P
F

F
P
F

A
F

M
F

�P
03
�
�
�
f

m
L
F
F

FL
F
F

P
F
F
F

P
L
F
F

A
F
F
F

A
L
F
F

M
F
F
F

M
L
F
F

_
F
F
F

_
L
F
F

L
F
F
F

�
�
�
�
�
�
m
�
P
I
�
�
�
�
�
�
��
�
�
F
F
P
�
�
 
�
!M

�
�
�
�
�
�
m
�
P
I

mUA)MLIA

�

�

�
�

�

�

�

�

	

�



�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
	

�



�
�

�
�

�
�

�
�

�
�

�
�

� �
�

�

�
�
�

�
	 � �



� �
�

� �
�

Figure S45: 19F-NMR of 10
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