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1. The crystal structure of dimer 3

Figure S1. The crystal structure of dimer 3.5!

Table S1. The comparison of the structural parameters between the minimized structure
and the crystal structure.S!

a B
A A
((11:0!2) (BIZBZ) d ( ) d2( )
Dimer 3 44.7° 22.8° 3.1 3.8
(crystal structure) ' ’ ' '
Dimer 3 41.5° 11.6° 3.1 3.8

(minimized molecular structure)




2. The absorption spectra of trimer 4 and the superposition of dimer 3 and

monomer 2
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Figure S2. The absorption spectra of trimer 4 and the superposition of dimer 3 and
monomer 2.



3. The absorption spectra of trimer 4 and the superposition of monomer 1 and
monomer 2
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Figure S3. The absorption spectra of trimer 4 and the superposition of monomer 1 and

monomer 2.



4. Electronic orbitals (HOMO and LUMO) for the ground state (Sy) of dimer 3
and trimer 4

Figure S4. Electronic orbitals (HOMO and LUMO) for the ground state (Sy) of dimer
3 (top) and trimer 4 (below).



5. The transient absorption of dimer 3

A 15 C
Q—tfememmcnana- oo - A\\---ccmceen- =
—~-1 i : ~ =
@ 1T <
©-2- 3
N
=3 =i T
< =——Ps £
4.5 —50ps =
B @)
-5 - —200 ps pd
e e o e e e e e O e e L
400 450 500 550 600 650 400 450 500 550 600 650
., Wavelength (nm) Wavelength (nm)
B 1 1/ D
0
«‘5""-1—- kﬂ =
o S
-2 o
- =3 —
=2 e -
Hige] —408nm | Q@ (TT)
i — 532 nm ¥
-5 — 564 nm
-6 -_'_'_d"' l : l i l 1 Illl!lll T l!llllll T lllllill Ll llllllil T llllllll L
0 4 10" _ 10° 10° 0.1 1 10 100 1000
Time (ps) Time (ps)

Figure S5. A) The transient absorption spectra of dimer 3 in degassed THF (5x10-5 M)
with the excitation wavelength at 500 nm. B) The transient absorption dynamics of
dimer 3 probed at different wavelengths. C) Deconvoluted transient spectra of singlet
(Sy) and triplet pair (!(TT)) of dimer 3 as solved by global analysis. D) Population
evolution of dimer 3 obtained from global analysis.



6. The sensitized experiment of trimer 4 in degassed THF
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Figure S6. Nanosecond TA measurements of PtOEP doped trimer 4 in THF following

excitation of PtOEP at 355 nm at A) short and B) long delays.



7. Fluence independent dynamics of trimer 4
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Figure S7. Comparison of normalized dynamics of the absorption at 410 nm (A) and
626 nm (B) of trimer 4, excited with 500 nm pump with varying pump fluence in

degassed THF.



8. The comparison of the TA spectra obtained from iSF and sensitization
experiment in dimer 3
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Figure S8. The comparison of the TA spectra obtained from iSF and sensitization
experiment in dimer 3.



9. Solvent independent dynamics of trimer 4

A /s
=

E ——CHCl,
= ——THF
Q

N

© -

£

@)

Z -

L | L
0 5 Time (ps) 100 1000

B

k=

l_

<

©

(]

N

©

=

| .

o

Z

| |
0 5 Time (ps) 100 1000

Figure S9. Comparison of normalized dynamics of the absorption at 410 nm (A) and
626 nm (B) of trimer 4 in different solvents.



10. The comparison of the single wavelength dynamics between dimer 3 and
trimer 4

A
=
|_
<
@ .
()]
N
[ .
g = Trimer 410 nm
g = Dimer 408 nm
| s | J | s | .
0 500 1000 1500 2000
Time (ps)
B _
t
|_
<
T
(b]
N
©
g = Trimer 626 nm
Z — Dimer 564 nm
0 500 1000 1500 2000
Time (ps)

Figure S10. The comparison of the single wavelength dynamics between dimer 3 and
trimer 4.
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11. Singlet Fission yield determination

The determination of the yield of triplet involves triplet sensitization experiments using
a solution consisting of PtOEP and trimer 4 excited at 355 nm. Triplets are generated
in PtOEP by intersystem crossing and are then transferred to trimer 4 via collisional
energy transfer.

In the ns-TA experiment of trimer 4 (1.5x10> M) and PtOEP (2x10~° M), the GSB
signal at 2 ns at ~ 538 nm is about -0.0725. The triplet concentration of PtOEP after

photoexcitation can be calculated as:
CPt(%EP
AT
| Mgsgmn, 2ns 0G0 /r+D _ —logy(-0.0725-

eaidEP eidEP b 51400 mol ™t Lem™ 1>
x 10" ®molL™*

Triplet energy transfer efficient ([):

1/10.2us

@, = = 77%
ET ™~ 1/10.2us + 1/35us ’

In the ns-TA experiment of trimer 4 and PtOEP, the ESA signal at 40 ps at ~ 424 nm is
about -0.002389. The molar extinction coefficients of triplet absorption at 424 nm for

trimer 4:

trimer
424 nm

AT
A —logyo(*" [7+ 1) ) ~10gy,( - 0.002385

b * cpt(%EP b * cPt(%EP 0.2 cm X 3.18 X 10~ ® mol
=212%x103mol *Lcem ™1

In the fs-TA experiment of trimer 4 (8.25x10-> M), the ESA signal at 100 ps at ~ 424

trimer
nm is about -0.00241. Using the calculated £424nm from the sensitization experiment,

the triplet concentration from iSF can be calculated as:
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AT
_AA424-nm_ —logy( /T+ 1)

= =247 %x10 ®mol L~ 1!
séfiﬁlb 2120mol 'Lem ™ 1x 0.2 cm

The total number of photons per pump pulse (500 nm):

photons
pulse
power 100 x 10 ~°w

~ (rep rate)(energy per photon) 1000 s~ (3.98 x 1019
=25x 10 pulse” 1

Spot volume (V):

V=Aread =m(150 X 10 "*cm)* x 0.2 cm x 0.001 Lcm 3=141x10"71L

I
The fraction of light intensity transmitted ( /1 0) of trimer 4 at 500 nm can be calculated

as:

-£ Cpe L 4 -1 -1 -
]/10:10 500 nm"trimer :10—2.88><10 cm " mol L x825x10

The initial concentration of singlet state (c;):

CS
_ (photons/pulse)(1-1/I) (2.5 x 10" x (1 -0.335)
N,V (6.02 x 1023 mol ™ 1)(1.41 x 10°
mol L~ 1
Triplet yield of trimer 4 (U ¢ipier):
Cr 247 x10 ®mol L1
th’plet = = =126%

Cs 1.96 X 10 ®mol L1

Propagated error in triplet yield determination:5S?

First, we compute the error in determining the concentration of triplet exciton for

CPtOEP
POEP (¢ T ),
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8(c"7) |(8(BAs3g )\,  (8(538mm)),
cPIOEP T~ peorp

= /0.05% + 0.07% = 0.086

The propagated error of the molar extinction coefficients of triplet absorption at 424
nm for trimer 4:

tri PtOEP
8(eszanm) _ (5(AA))2 N (6(c T ))2

A PtOEP
cr

trimer
€424 nm

= /0.052 + 0.086% = 0.099

The propagated error of the triplet concentration from iSF:

(er) (6(AA424nm))2 . (5(8552’ 52))2

PtOEP

AA
424nm €424 nm

Cr

= /0.052 + 0.099% = 0.11

The error of photons per pump pulse:

photons
( pulse )_ d(power)
photons B power
pulse
=0.03

The error of spot volume:

sy _ 2(5(7"))2

|74 T

=./0.08%2x 2=0.11

I
The propagated error of the fraction of light intensity absorbed ( / 10) of trimer 4 at 500

nm:

8(1/1,)
W = €500 nmctrimerLln(lo) (

=0.474 x 2.30 X ./0.07% + 0.02% = 0.079

The propagated error of the initial concentration of singlet state (cy):

c

€500 nm trimer
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o, [E oo oy

c photons 1/1, %4

N

pulse

= /0.03% 4+ 0.079% + 0.11% = 0.138

The propagated error of triplet yield of trimer 4 ([ ipier):

o) [0, )

Cs

N triplet Cr

=0.138% + 0.11% = 0.17
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12. Copies of the 'H NMR spectra and MALDI-TOF spectra of new compounds
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Figure S12. The *C NMR spectrum of monomer 1.
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Figure S13. The MALDI-TOF spectrum of monomer 1.
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Figure S14. The '"H NMR spectrum of monomer 2.
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Figure S15. The 3C NMR spectrum of monomer 2.
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Figure S16. The MALDI-TOF spectrum of monomer 2.
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Figure S17. The 'H NMR spectrum of dimer 3.

é

30001

2000

10001

500 1000 1500 2000 2500

Figure S18. The MALDI-TOF spectrum of dimer 3.
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Figure S19. The 'H NMR spectrum of trimer 4.
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Figure S20. The MALDI-TOF spectrum of trimer 4.
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Appendix. Geometry optimization of S, states

Dimer 3

@
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-0.67186
-1.19665
-1.33992
-2.38321
-0.68065
-1.36645
-1.92646
-2.50975
-3.86802
-4.73783
-4.32665
-6.0483
-6.69381
-6.5904
-7.63941
-5.79625
-6.19845
-4.40921
-3.5773
-3.98345
-2.21502
-1.35712
-1.76545
-0.00908

0.89508
0.50034
2.21523

6.614
7.55276
54131
5.40422
4.1901
2.95914
1.90194
0.61564
0.40113
1.45976
2.46068
1.22033
2.03589

-0.09654

-0.26367

-1.1317

-2.13796

-0.92748

-1.98488

-2.99356

-1.79391

-2.87893

-3.88642

-2.69179

-3.78728

-4.79878

-3.56638
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0.18678
0.33369
0.37673
0.67543
0.19601
0.41531
0.61473
0.79811
0.51197
0.09625
0.00993

-0.18439

-0.49652

-0.07303

-0.29771

0.3112
0.39674
0.61198
0.95072
0.97876
1.23423
1.49769
1.47004
1.75687
1.95612
1.90242
2.19982
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2.89173
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3.78694
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2.29634
0.5158
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0.10015
-1.67127

0.6718

1.19659
1.33986
2.38316
0.68059
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1.92655
2.50979
3.86809
4.73793
4.32676
6.04841
6.69394
6.5905

7.63952
5.79633
6.19852
4.40928
3.57735
3.98352
2.21503

-4.40426
-2.23403
-2.07963
-1.16623
-0.15299
-1.35216

-0.27846

0.72436

-0.46289

6.614
7.55276
5.41309
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4.19009
2.95915
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0.61571
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1.45975
2.46067
1.2203
2.03583
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-0.26372
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-1.79382
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Trimer 4

C
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4.30841
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-1.5103
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0.931
1.13881
0.21079

-0.14074

-0.06547

-0.77735

-1.36019
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1.95728
1.12334
1.47216
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3.47974
2.92694
2.19111
2.23882
3.11177
3.764
3.12142
3.79212
2.25077
2.28117
1.40471
0.75919
1.38449
0.55246
-0.08925
0.52507
-0.3097
-0.35746
-1.23051
-1.88278
-1.24025
-1.91107
-0.36961
-0.40011
0.47654
1.12206
0.49687
1.32894
1.97063
1.35637

-0.28139
-1.32645
-2.4959
-3.6341
-3.73144
-2.89462
-4.85044
-4.91361
-5.9452
-6.82879
-5.88815
-6.72382
-4.74683
-4.70672
-5.55346
-3.60027
-3.57355
-2.43534
-2.33795
-3.17474
-1.2189
-1.15567
-0.12413
0.7595
-0.18123
0.65444
-1.32261
-1.36273
-0.51598
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0.10296
-0.16162
-0.49585

0.32606

1.45573

1.67511

2.23539

3.08422

1.95373

2.57864

0.8889

0.64698

0.02797
-1.08406
-1.29471
-1.94056
-3.09428
-3.91617
-5.04575
-5.2651
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-6.67407
-5.54368
-6.16853
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