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Experimental section
General synthetic procedures: All commercially available chemicals and reagent grade solvents

were used as received. Air-sensitive reactions were performed using standard Schlenk techniques
under a nitrogen atmosphere. Dry toluene was obtained from a solvent purification system. Flash
column chromatography was carried out using silica gel (60 A, 40-63 pm). Analytical thin-layer-
chromatography (TLC) was performed with silica plates with plastic backings. TLC visualization
was accomplished by 254/365 nm UV lamp. 'H, and '*C NMR spectra were recorded on a Bruker
Avance NMR spectrometer in CDCIl3. Chemical shifts 6 are expressed in parts per million (ppm)
and referenced to chloroform (400 MHz for 'H: & = 7.26 ppm, and 101 MHz for 3C: § = 77.16
ppm). The signal structure is described as follows: s = singlet, d = doublet, m = multiplet, dd =
doublet of doublets, dt = doublet of triplets, ddd = doublet of doublets of doublets. Melting points
were measured using open-ended capillaries on an Electrothermal Mel-Temp® melting point
apparatus and are uncorrected. High-resolution mass spectrometry (HRMS) was performed at the
BSRC Mass Spectrometry Facility, University of St Andrews. Elemental analyses were performed
by Mr. Stephen Boyer, London Metropolitan University. High performance liquid
chromatography (HPLC) analysis was conducted on a Shimadzu Nexera prep HPLC system, using

a Shimadzu Shim-pack GIST 3pm C18 analytical (3 X 150 mm) column.

Theoretical calculations: The DFT calculations, including geometry optimization of the emitters,
were performed by the Gaussian 09 Revision D.01 software! in the gas phase using Density
Functional Theory (DFT) level using PBEO functional® and a 6-31G(d,p) basis set? starting with
the molecular geometry obtained from single crystal X-ray diffraction analysis; that of TPA-ace-

Br was optimized starting from an initial geometry drawn in GaussView v.5. Excited singlet and
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triplet states were calculated by performing time dependent DFT (TD-DFT) calculations within

the Tamm-Dancoff approximation* based on the same functional and basis set.

Electrochemical characterization: An electrochemical Analyzer potentiostat model 620E from
CH Instruments was used for Cyclic Voltammetry (CV) analysis. All samples were prepared as
dichloromethane (DCM) solutions, and bubbled with DCM saturated nitrogen gas for 15 minutes
before measurements. 0.1 M DCM solution of tetra-n-butylammonium hexafluorophosphate was
used as supporting electrolyte solution and Ag/Ag* electrode was used as the reference electrode
while a platinum electrode and a platinum wire were used as the working electrode and counter
electrode, respectively. The redox potentials are reported relative to a saturated calomel electrode
(SCE) with a ferrocene/ferrocenium (Fc/Fc*) redox couple as the internal standard (0.40 V vs SCE

in DCM).?

Sample preparation: Steady state measurements in solution were performed in three different
solvents: MCH, toluene and DCM. All solutions were prepared at concentration of 20 uM and
degassed by five freeze—pump—thaw cycles. Solid state samples were fabricated by drop casting
and spin coating method at 1% w/w of molecules in ZEONEX matrix (organic material 0.1mg/mL:
ZEONEX 100 mg/mL — both dissolved in toluene). While drop-cast films were deposited onto
quartz substrates, spin-coated films were deposited onto transparent sapphire substrates at 1200

rpm over a period of 60 seconds.

Photophysical characterization: Steady state measurements in solution were measured using a
double beam Shimadzu UV-3600 UV/VIS/NIR spectrophotometer and a Horiba Jobin Yvon
Fluorolog-3 spectrofluorometer. Time resolved measurements were detected by spectrograph and

a gated iCCD camera (Stanford Computer Optics), where samples were excited with a Nd:YAG
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laser (EKSPLA), 10 Hz, 355 nm. Photoluminescence quantum yields (PLQY) of spin coated films
were measured using a calibrated integration sphere (Horiba Quanta-¢) coupled to a Horiba
Fluorolog-3 spectrofluorometer. The integration sphere was purged for 30 minutes with dry

nitrogen gas. PLQY values were obtained by exciting at 320 nm.

Synthesis

5-Bromoacenaphthene (Br-ace)

()
e

Br
Br-ace was prepared according to the literature.® Yield: 90%. Mp: 54-56 °C (lit.® 50-52 °C). 'H-
NMR (ppm) 5: 7.80 (dd, J = 8.4, 0.7 Hz, 1H), 7.68 (d, J= 7.3 Hz, 1H), 7.58 (dd, J = 8.3, 6.9 Hz,
1H), 7.35 (d, J = 6.9 Hz, 9H), 7.16 (dt, J = 7.3, 1.4 Hz, 1H), 3.47 — 3.41 (m, 2H), 3.36 (ddd, J =
5.5,4.5,2.0 Hz, 2H). ¥C NMR (ppm) 8: 146.26, 145.97, 140.28, 130.89, 129.07, 121.76, 120.19,
120.07, 116.78, 30.65, 29.93. HRMS (ESI) [M+H]* for (C12HsBr): Calculated: 231.9888 [°Br],
233.9868 [*'Br]; Found: 231.9885 [Br], 233.9868 [*'Br]. The 'H NMR spectrum in CDCls

matches broadly with that previously reported in C¢Ds.°

5,6-Dibromoacenaphthene (DBr-ace)

()
(2

Br Br

DBr-ace was prepared according to the literature.” Yield: 20-25%. Mp: 169-171 °C (lit.” 169-171
°C). 'TH NMR (ppm) &: 7.78 (d, J = 7.6 Hz, 2H), 7.07 (d, J = 7.6 Hz, 2H), 3.30 (s, 4H). *C NMR

(ppm) &: 147.3, 142.16, 136.0, 128.0, 121.1, 114.6, 30.3. HRMS (ESI) [M+H]* for (C12HsBr2)
S5



Calculated: 310.9066 ["Br, Br], 312.9045 [°Br, *'Br], 314.9025 [*'Br, $'Br]: Found: 310.9061
["Br, 7Br], 312.9038 [Br, 8!Br], 314.9017 [3!Br, 8 Br]. The compound characterization is in

agreement with that previously reported.’
General procedure for Suzuki-Miyaura cross-coupling reactions

A mixture of 4-(N,N-diphenylamino)phenyl boronic acid (1 equiv.), the bromo derivative of
acenaphthene (1-2 equiv.), and Pd(PPhs)4 (5 mol%) in toluene (10 mL) was heated to 90 °C and
stirred for 30 min under a N, atmosphere. A de-aerated aqueous solution of K.CO3; (2M, 0.1 mL)
was injected into the reaction and the mixture was refluxed for 16 h. After cooling, the reaction
mixture was diluted with ethyl acetate and filtered through Celite®. The filtrate was washed with
brine, dried over anhydrous sodium sulfate and the solvent removed under reduced pressure. The
residue was purified by flash column chromatography (silica gel, eluent: 5% EtOAc/hexane or

20% DCM/hexane).

4-(1,2-dihydroacenaphthylen-5-yl)-N,N-diphenylaniline (TPA-ace)

TPA-ace: Yellow solid. Ry: 0.4 (5% EA/Hexanes). Yield: 0.10 g, 11%. Mp: 108-110 °C. "TH NMR
(ppm) o: 7.82 (d, J=8.2 Hz, 1H), 7.47 (ddd, J= 6.9, 4.0, 1.3 Hz, 4H), 7.38 — 7.26 (m, 8H), 7.24
—7.19 (m, 6H), 7.19 — 7.12 (m, 2H), 7.11 — 7.00 (m, 3H), 3.59 — 3.34 (m, 4H). 3C NMR (ppm)

0: 147.84, 146.78, 146.22, 145.28, 139.64, 135.26, 134.54, 130.49, 129.77, 129.28, 128.36,
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127.90, 124.42, 123.62, 122.84, 120.96, 119.31, 119.17, 30.57, 30.01. HRMS (ESI) [M+H]* for
(C30H23N) Calculated: 398.1909; Found: 398.1903. Elemental analysis for (C3oH23N)
Calculated: C, 90.64; H, 5.83; N, 3.52. Found: C, 90.60; H, 5.66; N, 3.67. HPLC (RT): 2.451

min (100% methanol).

4,4'-(1,2-dihydroacenaphthylene-3,6-diyl)bis(N,N-diphenylaniline) (2TPA-ace)
Saslal

2TPA-ace: Orange solid. Ry 0.3 (20% DCM/Hexanes). Yield: 0.25 g, 24%. Mp: 242-244 °C. 'H

)

NMR (ppm) 8: 7.42 (dd, J=17.1, 7.1 Hz, 4H), 7.26 — 7.18 (m, 16H), 7.06 — 6.99 (m, 4H), 6.92 —
6.80 (m, 4H), 3.51 (s, 4H). 3C NMR (ppm) &: 147.88, 145.73, 145.66, 140.73, 136.49, 136.04,
131.78, 130.47, 129.26, 127.50, 124.99, 122.76, 121.33, 119.24, 30.22. HRMS (ESI) [M+H]" for
(CssH36N2) Calculated: 641.2957; Found: 641.2961. Elemental Analysis for (CisH3sN2)
Calculated: C, 89.97; H, 5.66; N, 4.37. Found: C, 90.19; H, 5.77; N, 4.48. HPLC (RT): 7.850

min (95% methanol).
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4-(6-bromo-1,2-dihydroacenaphthylen-5-yl)-N,N-diphenylaniline (TPA-ace-Br)

£
(I

Br O

0

TPA-ace-Br: Bright yellow solid. R 0.6 (20% DCM/Hexanes). Yield: 0.2 g, 21%. Mp: 154-156
°C. 'H NMR (ppm) &: 7.72 (d, J = 7.3 Hz, 1H), 7.45 (d, J = 7.1 Hz, 1H), 7.38 — 7.27 (m, 5H),
7.27 —7.18 (m, 6H), 7.18 — 7.11 (m, 3H), 7.08 — 7.01 (m, 2H), 3.49 — 3.44 (m, 2H), 3.43 — 3.38
(m, 2H). BC NMR (ppm) &: 147.94, 146.69, 146.47, 146.20, 141.11, 136.11, 135.91, 134.38,
132.21, 131.50, 129.22, 128.40, 124.20, 122.93, 122.58, 120.33, 119.45, 114.90, 30.29, 30.03.
HRMS (ESI) [M+H]" for (C30H2:BrN) Calculated: 476.1008 [°Br], 478. 0988 [*'Br]. Found:

476.1003 [°Br], 478. 0983 [*'Br]. Elemental analysis for (C3yH22BrN) Calculated: C, 75.63; H,

4.65; N, 2.94. Found: C, 75.87; H, 4.85; N, 2.88. HPLC (RT): 7.440 min (95% methanol).

6-(4-(diphenylamino)phenyl)-1,2-dihydroacenaphthylene-5-carbonitrile (TPA-ace-CN)

s
9

¢
0
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A mixture of TPA-ace-Br (0.9 g, 1.9 mmol, 1 equiv.) and CuCN (0.5 g, 5.6 mmol, 3 equiv.) in
NMP (10 mL) was heated to 160 °C for 6 h. After cooling to room temperature, the reaction
mixture was diluted with water and extracted with DCM (3 x 50 mL). The aqueous phase was
treated with saturated NaOCI solution to destroy unreacted CuCN. The organic phase was washed
with brine, dried over anhydrous sodium sulfate and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography with 30% DCM/hexane
as eluent to afford the title compound as an orange solid. Rz 0.5 (30% DCM/hexanes). Yield: 0.65
g, 81%. Mp: 155-157 °C. '"H NMR (ppm) &: 7.89 (d, J= 7.2 Hz, 1H), 7.54 (d, J = 7.1 Hz, 1H),
7.46 (d,J=17.1 Hz, 1H), 7.36 (d, J= 7.2 Hz, 1H), 7.34 - 7.15 (m, 14H), 7.03 (s, 2H), 3.51 (s, 4H).
13C NMR (ppm) &: 152.81, 146.16, 139.33, 137.95, 131.27, 129.20, 124.44, 123.43, 122.68,
120.53,119.10, 118.61, 104.69, 31.00, 29.99. HRMS (ESI) Calculated (m/z): 422.1783; Found:
422.1769. Elemental analysis (calculated for C31H22N2): C, 88.12; H, 5.25; N, 6.63; Found: C,

88.00; H, 5.35; N, 6.52. HPLC (RT): 1.584 min (100% methanol).

4,4'-(1,2-dihydroacenaphthylene-5,6-diyl)bis(N,N-diphenylaniline) (TPA-ace-TRZ)

.
(2

=N
O S0
O
A reaction mixture of TPA-ace-Br (0.20 g, 1 equiv., 0.42 mmol) and Pd(PPh3)s (24 mg, 0.05

equiv., 21 pmol) in toluene (6 mL) was heated to 90 °C for 15 min under a N, atmosphere before
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addition of 2,4-diphenyl-6-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
(0.18 g, 1 equiv., 0.42 mmol). A solution of potassium carbonate (2 M, 4 mL) in water : ethanol
(1:1) was deoxygenated by bubbling nitrogen gas for 15 min and added to the reaction mixture,
which was then heated to 100 °C for 24 h. After cooling to room temperature, the reaction mixture
was diluted with DCM (50 mL) and washed with brine (1 x 30 mL). The organic layer was dried
over anhydrous sodium sulphate and the solvent was removed under reduced pressure. The crude
product was purified by flash column chromatography with 20% DCM/hexanes to afford the title
compound as an orange solid. Ry 0.5 (20% DCM/hexane). Yield: 0.1 g, 34%. Mp: 249-250 °C.
'H NMR (ppm) 6: 8.87 — 8.79 (m, 4H), 8.60 — 8.54 (m, 2H), 7.71 — 7.58 (m, 6H), 7.52 — 7.42 (m,
4H), 7.34 — 7.26 (m, 4H), 7.01 — 6.90 (m, 6H), 6.85 — 6.78 (m, 4H), 6.78 — 6.70 (m, 2H), 6.69 —
6.60 (m, 2H), 3.55 (s, 4H). 3C NMR (ppm) &: 171.59, 147.62, 147.40, 146.76, 145.71, 140.78,
136.39, 135.94, 135.84, 135.57, 133.40, 132.47, 132.36, 132.07, 130.18, 130.09, 129.06, 128.99,
128.65, 127.84, 127.44, 124.69, 122.69, 121.23, 119.58, 119.25, 30.31, 30.23. HRMS (ESI)
[M+H]" calculated: 705.3013; Found: 705.3006. Elemental analysis (calculated for CsiHz3N4):
C, 86.90; H, 5.15; N, 7.95; Found: C, 86.76; H, 5.06; N, 8.10. HPLC (RT): 8.623 min (100%

methanol).
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3.36(ddd,J=5.5,4.5,2.0 Hz 2H).
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Figure S1. '"H NMR spectra of Br-ace.
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Figure S2. 13C NMR spectra of Br-ace.
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Figure S3. HRMS spectra of Br-ace.
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Figure S4. '"H NMR spectra of DBr-ace.
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Figure S5. 13C NMR spectra of DBr-ace.
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Figure S6. HRMS spectra of DBr-ace.
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Figure S7. '"H NMR spectra of TPA-ace.
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Figure S8. 13C NMR spectra of TPA-ace.
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Figure S9. HRMS spectra of TPA-ace.
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Elemental Analysis Service

Please send completed form and samples to:

Stephen Boyer

School of Human Sciences
Science Centre

London Metropolitan University
29 Hornsey Road

London N7 7DD

Telephone: 020 7133 3605
Fax: 020 7133 2577

Email: s.boyer@londonmet.ac.uk

Sample submitted by:  Dw S hiy  Kumar
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T T " § / {

Telephone: () 324 Lg72u3 Email: ok 2uo(@ shandrewss.ac ux

Date Submitted: j£ -0 1-2¢19

Please submit ca. 5 mg of sample.

Sample Reference No.: SK-T - oy
Name of Compound: TPA-Ace
Molecular Formula: C3o Hog N

stabilty. Qyable of ¢t & pressure

Hazards: Uy Knpion

Other Remarks:

Element Expected % Found (1) Found (2)

Carbon J0.6Y 90 % q0 - €0

Hydrogen 5. 83 3- iq e L()

Nitrogen 252 1. ¥ -0}
Authorising Signature:

Date Completed: . 20/1¢ Signatureﬂl\

Comments:

Figure S10. Elemental analysis report for TPA-ace.
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252000 10:5127 Page 111

HPLC Trace Report25Nov2020

<Sample Information>

Samiple Mame : TP~

Sample ID - SE-Ie-041018

Method Filename : 100% Methanol B 10 mins.lom
Batch Filename - acenaphthens lch

Vial & ] Sample Type ; Linknowm
Injection Volume 10wl
Diate Acquired 1 IVDA2020 18:48-43 Acquired by ; Systermn Administrabor
Date Processed - 10/0A7020 16:08-53 Processed by : System Administrator
<Chromatograms
mi
] Detector i 254 rm)
) e
S0+
250

(3]
] e
S L
(13} 25 50 75 100 125 150 175 20.0
min
=Peak Table>
Dhedecior A 254 i
Rel Time Area Height Area™ | Area/Height | Width at 5% Height
1 0760 @761 1218 0264 7088 -
2 0.818 7245 1435 0.218 5 040 -
3 1.117 2870 0AT1 B.ri4 -
E] 1315 ERTE] 5T 1.018] LY=L -
5 1.568 84157 13810 1.638 4 648 0162 )
1787 =1 L 0113 e --
1.025] 3381 0.102] X5 -
B 2.033 204087 4088 e 5.038 -
[ 2287 [EFEE] TEr] ZE14 4.788 -
0] ZA51 I TP 5a7262 89,032 5200 0160
11 2870 2238 478 0.088 4877 0134
12 3082 [T 375 0424 5010 0162
13 3300, 1572 2008 OO47 5018 OL1B0 |
14 f.a22 TE23 5010 2.3, B85 0537
L ] 1814 EFL] (s P -
[ Total g Ba5i7e|  100.000

Figure S11. HPLC analysis report for TPA-ace.
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10022019-47-ezc-51240-N PO RRNNINNNRRRASS088E5885888833333 @ 5
1H Observe TITRANIONNNNRNRNARRRRRRR2RE88853585888 a 2

NN BAINAIAL & I
sk-1127-191018-2TPA-ace e

'"HNMR (400 MHz, CDCly) § 7.42 (dd, J = 17.1, 7.1 Hz, 4H), 7.26 — 7.18 (m, 16H), 706 — 6.99 (m, 4H), 6.92 — 6.80 (m, 4H), 3.51 (s, 4H).

T T T T T T T T T T

N 76 75 74 73 72 71 69 68 6.7
f1 (ppm)

N !
EREL] &
<8¢ B -
T T T T r T T r T T T T T T T T r T T T T T T T r
125 115 105 95 90 85 80 75 70 65 6.0 50 45 40 35 30 25 20 15 10
f1 (ppm)
: 1
Figure S12. '"H NMR spectra of 2TPA-ace.
10022019-47-ezc-sk240-N FRENIIRTEIFRAY P o
13C Observe with 1H decoupling - D1 = 25 e LR EE RRB 3
sk-1127-191018-2TPA-ace '\’|\\ \'\ \\l / //// |

SCNMR (101 MHz, CDCly) 8 147.88, 145.73, 145.66, 140.73, 136.49, 136.04, 131.78, 130.47, 129.26, 127.50, 124.99, 122.76, 121.33, 1§9.24,30.22.

|
]
“ ‘ |

| .

T T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 160 150 140 130 120 f %10 100 90 80 70 60 50 40 30
(3

pm)
Figure S13. 3C NMR spectra of 2TPA-ace.
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SK-1127-191018 MW=640? National Mass Spectrometry Facility, Swansea Kumar
ASAP (SOLID) Xevo G2-S 29-Oct-2018
C48H36N2
STAZYS-X7PPH-WG-A 365 (3.387) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.00); Cm (365:389) 1: TOF MS ASAP+
641.2961 2.82e7
100
642.2996
*
489.2328
1490.2363
643.3028
V
446.1672 640.2883
4912395
321.1516 398.1898 644.3065
olos08a2 1572 1e7gon P25 apo1aas | apisso | | JL 4922430 5042563 SO0 goppost 72130 1055505
T m/iz
50 100 150 200 250 | 300 350 400 | 450 = 500 550 | 600 650 700 750 800

Figure S14. HRMS spectra of 2TPA-ace.
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LONDON 37

metropolitan $° *e
university e ®

Elemental Analysis Service

Please send completed form and samples to:

Stephen Boyer

School of Human Sciences
Science Centre

London Metropolitan University
29 Hornsey Road

London N7 7DD

Telephone: 020 7133 3605
Fax: 020 7133 2577
Email: s.boyer@londonmet.ac.uk

Sample submitted by:  1r Shiv  RKawar

Address: £2C Gooup , Scheol c‘f« Chemnisby ()mv”;,{u;:./ St Mdrecss

Telephone: ()| 234 LU672U3 Email: AK2uo (@ gY-andvew. ac uk

Date Submitted: [6-cl-20\9

Please submit ca. 5 mg of sample.

Sample Reference No.:  SK—-/127- 1531012

Name of Compound: 2TPA-Ace

Molecular Formula: (5 Mz, N

Stability:  Si,10 oF t and PTessure

Hazards:  &//4  (UnKknown)

Other Remarks:

Element Expected % Found (1) Found (2)

Carbon ‘Zj 97 qo .19 90 11
Hydrogen 5. 66 e f g
Nitrogen .37 4 . 4’{’ 4. 4?

Authorising Signature:

Date Completed: ov07] G

Signature: J///?
Comments: =

Figure S15. Elemental analysis report for 2TPA-ace.
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25/M 2020 10:50:02 Page 1/1

HPLC Trace Report25Nov2020

<Sample Information>

Sample Hame : ZTPA-ace
Sample ID S SHAFT-18 B
Method Fiename : 95% Methanol 5 Water 20 mins.lcm
Baich Filgname - acenaphihens 5.kcb
Vial # - 1-38 Sample Type : Uimkncsm
Injection Volume - 10 ul
Digte Acquired 1302020 18:35:58 Acquired by ; Systemn Administraton
Digie Processed - 130372020 18:0108 Processad by : Systemn Administrator
<Chromatogram:
mi
i E Detector 4 254nm
- =i
300+
200
100
:" i i = 3
Erass € -
HEETE w J =
| lE- I 10 1|5- ?ID 1!5
man
=Peak Table=
Datmcior A 254nm
Fel Time Area Height Area® ight | Width at 5% Height
1 1.071 5@14 224 0118 8401 =
2 1.135 7708 1E D155 T 247 - -
3 1. 4374 BB ] B ana -
3 1418 3308 a38 A 301 --
5 1.561 11264 13568 0228 B.3086 --
3857 151 [ i) [ [iI:1i]
7.850 [FEGGEE 45400 [ EF] 14 202 0477
8 0783 43265 22 0.oeg 18.281 0553
Total 4074863 350578 100000

Figure S16. HPLC analysis of 2TPA-ace.
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sk-1110-060918-F2

39
—157

'HNMR (400 MHz, CDCl3) 8 7.72 (d,J = 7.3 Hz, 1H), 7.45 (d,J = 7.1 Hz, 1H), 7.38 - 7.27 (m, 5H), 7.27 — 7.18 (m, 6H), 7.18 — 7.11 (m, 3H), 7.08 - 7.01 (m, 2H), 3.49 - 3.44 (m, 2H), 343 -

3.38 (m, 2H).
Br T T T T T T T T T T T
7.9 7.7 5 7.3 7.1 6.9
f1 (ppm)
N
I
]

l J

n

a8

N

T T T T T T T T T T T T T T T T T T T T T T T T
125 115 105 95 9.0 85 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)
1 1
Figure S17. '"H NMR spectra of TPA-ace-Br.
09072018-28-ezc-sk240-N 3358499535338 383084LS [ a3
i = ~N —oun AN BTNND ST Mmon 1S
13C Observe with 1H decoupling - D1 = 25 S L EE R R REEE RR© g
sk-1110-060918-F2 B N A\
BCNMR (101 MHz, CDCly) & 147.94, 146.69, 14647, 14620, 14111, 136.11, 135,91, 13438, 13221, 131.50, 129.22, 128.40, 124.20, 1§2.93, 122.58, 120.33, 119.45, 114.90, 30.29, 30.03.
Br
N
I
I
! 1 i ]
Ll
\
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 . 110 ) 100 9 8 70 60 50 40 30 20 10
ppm

Figure S18. 3C NMR spectra of TPA-ace-Br.
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SK-1110-060918
(DCM)/MeOH + NH40Ac
C30H22BrN

STAZYS-sk240
13/09/2018 15:49:33

EPSRC National Facility Swansea
LTQ Orbitrap XL

STAZYS_TES333_48739 #39-50 RT: 0.73-1.03 AV: 10 SM: 7G NL: 2.61E5

T: FTMS + p NST Full ms [120.00-1935.00]
100
95-
90
85—
80
75
70—
65—
60—
55-
50—
45-
40-
355
30-

351.0020

Relative Abundance

199.1693
304.2487

157 149.0230 284.9938

476.1003

433.0047

372.1017

515.0071
531.0020
597.0103

613.0052

l 695.0083

oabodhalalh i) hl ‘,IL, ll ‘ull,“ ‘

WL

200 300 400

[ L ll
T [

T T T T T T T T T T T T T
500 600 700 800 900
m/z

Ll
T

Figure S19. HRMS spectra of TPA-ace-Br.
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Elemental Analysis Service

Please send completed form and samples to:

Stephen Boyer

School of Human Sciences
Science Centre

London Metropolitan University
29 Hornsey Road

London N7 7DD

Telephone: 020 7133 3605
Fax: 020 7133 2577

Email: s.boyer@londonmet.ac.uk

Sample submitted by: D7 Shiv  Kumay

Address: (’:Z(_ (;gLu}«’ SL heool L"/‘ C lx&}'/)l)/)l} L411N “I <4 "\h..‘h w A

Telephone: 01334 Ug72u3 Email: AR240 6; Al-andyews. ac.uw
Date Submitted: || ~c - 2012

Please submit ca. 5 mg of sample.

Sample Reference No.: Sw-T110 ~0f0912

Name of Compound: ‘/{(}_Mmg \,2 ‘A.v.y,(“_mp,1..i-m1\v)i‘ n-S-yl) - NN -diphenylahiVive

Molecular Formula: C3oWy, BN

Stability:  Stable ot ¥ t. L pressve

Hazards: Neng

Other Remarks:

Element Expected % Found (1) Found (2)
Carbon 15T 62 A T
Hydrogen .45 466 4. &a»
g 2. 94 3-07r [{-of

Authorising Signature:

o4
Date Completed: /] 0% Signature: W N
Comments:

Figure S20. Elemental analysis for TPA-ace-Br.
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242020 12:38:11 Page 171

HPLC Trace Report24Nov2020

<Sample Information>

Sample Hame : TPA-ace-Bir

Sample ID :

Method Filename : 87% Acetonitrile 13 Water 20 mins lom

Baich Filename : Shiv_TPA-ace_senes-MeCMN-ET_TPA-ace-Brd7_TPA-ace-TRZ lcb

Vial # : 247 Sampis Type : Linknown
Injecton Volume - 2ul
Diate Acquired - 20411 FIEHD 000225 Acquired by : Systemn Administrator
Diaie Processed - 2001152020 08:22-28 Processed by 1 System Administrabor
<Chromatogram:
i
125 B Detector A 254nm
i m
100
7%
50
25,
1888 38 )J
ol 32e = /1
oo 25  s0 75 WO 125 150 W5 'z'l:u
min
=Peak Table>
Daetwoior A 2 54 i
Rel Time Area Heght Area% | AevalHeight | Width ai 5% Height
1 0.822 4808 1448 0.332 3 245 -
2 0.882 1051 g7 0.074 2640 --
3 . 2742 500 [{KT] [NEk] -
E] .05 5803 (i[5 0474 8.818 --
5 r.038 ga5g 1058 0608 0307 0300
] 353 1907105 i I h_200 11,560 PESE
[ Tota] 147618 2062  iooooo] |

Figure S21. HPLC analysis report for TPA-ace-Br.
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sk-1156-050219

3.52
351
3.49

—1.59
—1.29

—0.91

"HNMR (400 MHz, CDCl3) 8 7.91 — 7.87 (m, 1H), 7.55 (d,J = 7.1 Hz, 1H), 7.46 (d,J = 7.1 Hz, 1H), 736 (d,J = 7.2 Hz, 1H), 7.34 - 7.19 (m, 12H), 7.04 (tt, /= 7.4, 1.4 Hz, 2H), 3.51 (s, 4H).

—0.11

-1.0

8.1 79 77 7.5 7. 7.1 6.9
f1 (ppm)
|
|
|
|
1
| i | !
! SN l

e "

g azzly S

3 23343 e

T T T T T T T T T T T T T T T T T T T T T T T T T T T T d
125 115 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05
f1 (ppm)
3 1
Figure S22. '"H NMR spectra of TPA-ace-CN.
03132019-12-e2c-sk240-N FFNNRI58INLILLSTE B 28T a8
13C Observe with 1H decoupling - D1 = 25 SRR EEE R R EEEERE RRB 23
sk-1156-050219 R e N e e | N \Y4
CNMR (101 MHz, CDCl) 8 152.82, 147.94, 146.17, 139.33, 137.95, 135.43, 133.57, 131.86, 131.30, 129.22, 124.43, 123.44, 122.68, 120.55, 119.11, 118.61, 104.68, 31.01, 30.00.
-
©/ |
|
1
[ i i
il ‘ ‘
|
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 ¢ %10 ) 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

Figure S23. 3C NMR spectra of TPA-ace-CN.
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C:\Xcalibur\Data\SK_1156_050219

SK_1‘|56_050219#1-|37 RT: 0.01-1.01 AV: 137 NL: 4.20E7
T: FTMS + p ESI Full ms [75.00-1000.00}
100
90
80 Dr S Kumar

70

Relative Abundance
o

06/24/19 17:04:03
4221769 SK-17 56~ 050219 { Ca-ace-1PA)

\
o

[ R @)

0BG
Mol Wh.T 22,5810
wlz: we2. 1783

867.3447

T T T T

T T T
100 200 250 300 350
SK_1156_050219 #1-137 RT: 0.01-1.01 AV: 137 NL: 4.20E7
T: FTMS + p ESI Full ms [75.00-1000.00]
422.1769
CatHaz2 N2

-1.9262 ppm

423.1820
Ca31Has N2
= -8.5100 ppm

Relative Abundance
¥ 88 2a
oo Tun BT

4241863

VUL o B e e
400 600 650 700 750 800 850

445.1663
CsaHai N2
-8.0983 ppm

446.1698
1

Pl

T T T
422 424 426 428

Figure S24. HRMS of TPA-ace-CN.
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24/M.2020 12:4478 Page 1/1

HPLC Trace Report24Nov2020

<Sample Information>
Samiple Mame :TP-'l-m-GH

Method Flename : 80% Acetonitrile 20 Water 20 mins. lom
Batch Filename - Shiv_TPA-ace_series-MelCHN-80 Ich

Vial & - 248 Sample Type ; Unknown
Injection Volume - 2ul
Diate Acguired o 18 F00 13:08:-55 Acquired by 1 System Administrator
Daie Processed - 181172020 13:28:-58 Processed by : System Administrator
<Chromatograms
mi
] E Detector A 254 nm|
[ o
i
25
| 48 )
158 l
LI B N PO LB LR NN [N B R S [ B L LN N NN LN S L B R |
[111] 25 50 75 1o 125 15.0 LFE-] E]:EI
min
=Peak Table=
Deetector £ 254nm
Rei Time|  Ama Height Brea® | Area/Hieight [ Width at 5% Height)
10 0.822 13728 4838 1.881 2 @81 0124
2| 0.8848 1528 531 D.188 2 838 -
3 0.885 Fensra THEES 121 B.E5E 0_348
Tokal Blig3s (L] 100,000,

Figure S25. HPLC analysis report for TPA-ace-CN.
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10102019-25-ezc-5k240-M 5522RRRABINNN BIATRLINLTIZELRAR 8
SEEEEREUEROND SPOEBRRRRAREELEEE 3

1H Observe
sk-377-021019-TPA-ace-TRZ

—151
-—0.87

'HNMR (400 MHz, CD,Cl,) 6 8.83 — 8.76 (m, 4H), 8.57— 8.51 (m, 2H), 7.69 — 7.56 (m, 6H), 7.43 (q,J = 6.7 Hz, 4H), 7.29 - 7.24 (m, 2H), 6.97 - 6.86 (m, 6H), 6.71 (dd, /= 163, 7.5 Hz, 6H), 6.57 (d, J

=7.9 Hz, 2H), 3.50 (s, 4H).

N
AL O
=N

T T T

8.5 8.0 75 7.0 6.5
f1 (ppm)
|
J ]
T BN A A N T
g 8 238 =88 8
23 338 88 E
125 115 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)
: 1
Figure S26. '"H NMR spectra of TPA-ace-TRZ.
10102019-25-ezc-sk240-M Ng RESRgIIU8T28RITBNNRY Y. 28
13C Observe with 1H decouping - D1 = 257 & R EEEEEEEEREEEEEE rackias  ss
sk-377-021019-TPA-ace-TRZ ~YNSN bt — v
BCNMR (101 MHz, CD,Cl) & 171.72, 171.65, 147.77, 147.46, 147.01, 140.87, 136.39, 135.43, 133.41, 132.62, 132.38, 132.03, 130.16, 129.00, 128.75, 127.8f 127.41, 124.68, 122.73, 121.22,
119.58, 119.25, 30.30, 30.23.
N
7\
N N,
—N
1
220 210 200 190 180 170 160 150 140 130 120 . (110 100 90 80 70 60 50 40 30 20 10
ppm,

Figure S27.13C NMR spectra of TPA-ace-TRZ.
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C:\Xcalibur\Data\SK_377 10/21/19 16:38:42

SK_377 #1-136 RT: 0.01-1.01 AV: 136 NL: 2.58E7
T: FTMS + p ESI Full ms [80.00-1000.00]

704.2928
Cs1Has Ng
-0.9731 ppm

Dr S Kumar

Q
o
=4
©
o
=
=
g}
<
(]
2
© )
% ;l* .
©
ax-377- o210\9
iz w70y, 2940
272.1641 535.3140
293.1645 CagHag N2
C17H1gNs 6.1020 ppm

239.1615 3.4329 ppm
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Figure S28. HRMS of TPA-ace-TRZ.
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Elemental Analysis Service

Please send completed form and samples to:

Stephen Boyer

School of Human Sciences
Science Centre

London Metropolitan University
29 Homsey Road

London N7 7DD

Telephone: 020 7133 3605
Fax: 020 7133 2577
Email: s.bover@londonmet.ac.uk

Sample submitted by: Dr Shiv Kumar

Address: EZC Group, North Haugh, School of Chemistry, University of St Andrews, KY16 9ST

Telephone: 01334 463848 Email: sk240@st-andrews.ac.uk

Date Submitted: 04/10/2019

Please submit ca. 5 mg of sample.

Sample Reference No.: SK-377-021019

Name of Compound: TPA-ace-TRZ

Molecular Formula: C51H36N4

Stability: Stable at room temperature and pressure

Hazards: Unknown

Other Remarks:
Element Expected % Found (1) Found (2)
Carbon 86.90 6. H o7
Hydrogen 5.15 Y. 0% Y. o4
Nitrogen 7.95 F.00 ¥-12
Authorising Signature:

4
Date Completed: 3‘110'\(" Signature: ’)
Comments:

Figure S29. Elemental analysis report for TPA-Ace-TRZ.

S31




241200 12:34-50 Page 171

HPLC Trace Report24Nov2020

<Sample Information=

Sample Mame : TPA-ace-TRE

Samiple 1D :

Method Filename : 88% Acetoniinile 2 Water 20 mins lem
Batch Flename - Shiv_TPA-ace-TRZ lch

Vial # - 2-49 Sample Type : Unknown
Injecton Volume - 2ul
Diate Acguired - M 00 00645 Acquired by : Systemn Administrabor
Diate Processed - 247120020 D8:51:47 Processad by : System Administrabor
=Chromatograms
mi
] 5 Debector 4 254mm)
m: L
=
10]
5]
E 8
RN I J L
rtissrp-rrrvrrp-rrrrQ—FrrirJrrergrrrr- T rri—1rrrx
[111] 25 6.0 T8 0.0 125 15.0 17.5 2.0
min
<Peak Table>
Dietecior A 254 nm
Foakll Ret Time Area Haight Area%h ArvaHeight | Width at 5% Height
1 3.188 1380 222 D481 8181 =
2] 4185 2807 399 1.043 7280 0,238
3 B.024 274351 ZL2RT ‘28400 12310 0428
Total 276020 22008 100,000

Figure S30. HPLC analysis report for TPA-ace-TRZ.

Single crystal X-ray diffraction analysis

X-ray diffraction data for all compounds were collected at 173 K using a Rigaku FR-X Ultrahigh
Brilliance Microfocus RA generator/confocal optics with XtalL AB P200 diffractometer [Mo Ka
radiation (A = 0.71075 A)]. Intensity data were collected using o steps accumulating area

detector images spanning at least a hemisphere of reciprocal space. Data for all compounds
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analysed were collected using CrystalClear® and processed (including correction for Lorentz,
polarization and absorption) using CrysAlisPro.? Structures were solved by direct methods
(SIR2004!%) and refined by full-matrix least-squares against F? (SHELXL-2018/3!"). Non-
hydrogen atoms were refined anisotropically, and hydrogen atoms were refined using a riding
model. The structure of 2TPA-ace affected by non-merohedral twinning, with a twin law [1 0 0
0.178 0 -1B] and refined twin fraction of 0.21. All calculations were performed using the
CrystalStructure!? interface. Selected crystallographic data are presented in Table S1, and views
of the structures and their packing are presented in Figure S31. Deposition numbers 2041945-
2041948 contains the supplementary crystallographic data for this paper. These data are provided
free of charge by the joint Cambridge Crystallographic Data Centre and

Fachinformationszentrum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/structures.
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Table S1. Selected crystallographic data.

TPA-ace TPA-ace-CN 2TPA-ace TPA-ace-TRZ
empirical formula Cs0.5H24CIN Cs1H22N2 CasH36N2 CsiH36Na
fw 439.98 422.53 640.83 704.87
crystal description Yellow Prism Orange chip Orange prism Orange prism
crystal size [mm?] 0.13x0.06x0.01 0.09%x0.09x0.07  {0.24x0.08%0.06  |0. 09%0.09%0.02
space group C2/c Cc P2/c P1
a[A] 25.1888(14) 9.0560(3) 13.9080(7) 10.8393(3)
b [A] 7.4270(3) 16.5151(5) 9.4513(5) 12.3707(3)
c[A] 25.1491(14) 15.0808(4) 26.3678(13) 13.7273(3)
a[%] 89.441(2)
5 [°] 107.297(6) 102.313(3) 99.727(5) 80.964(2)
y[°] 88.169(2)
vol [A] 4492.1(4) 2203.61(12) 3416.2(3) 1816.90(8)
VA 8 4 4 2
p (calc) [g/cm’] 1.301 1.273 1.246 1.288
u [mm] 0.189 0.074 0.072 0.076
F(000) 1848 888 1352 740
reflections collected 28249 14251 43282 24016
independent reflections (Rint) {5210 (0.0546) 4793 (0.0294) 7975 (0.0584) 7964 (0.0380)
parameters, restraints 294, 0 298, 2 452,0 496, 0
GOF on F? 1.058 1.046 1.061 1.031
Ri [I>20(])] 0.0665 0.0360 0.0603 0.0482
wR2 (all data) 0.1945 0.0929 0.1732 0.1118
largest diff. peak/hole [e/A%] ]0.40, -0.81 0.17,-0.18 0.24,-0.28 0.21,-0.21
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Figure S31 X-ray structure of TPA-ace (left) Thermal-ellipsoid plot (ellipsoids drawn at the 50%
probability level, hydrogens omitted) and (right) view of the CH:--rt interactions, leading to formation of

dimers (non-interacting hydrogens omitted).
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Figure S32. X-ray structure of 2TPA-ace (a) Thermal-ellipsoid plot, showing the intramolecular m---1t
interaction (ellipsoids drawn at the 50% probability level, hydrogens omitted), (b-e) views of the
intermolecular interactions and packing (non-interacting hydrogens omitted): (b-d) the four different

sets of CH:--1tinteractions, (e) view of the packing down the crystallographic b-axis.
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Figure S33. X-ray structure of TPA-ace-CN (a) Thermal-ellipsoid plot, showing the intramolecular CN-:-1t
interaction (ellipsoids drawn at the 50% probability level, hydrogens omitted), (b-d) views of the
intermolecular interactions and packing (non-interacting hydrogens omitted): (b) CH:--rt interactions, (c)

CH---N hydrogen bonds (e) view of the packing down the crystallographic ag-axis.
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Figure S34. X-ray structure of TPA-ace-TRZ (a) Thermal-ellipsoid plot, showing the intramolecular -1t
interaction (ellipsoids drawn at the 50% probability level, hydrogens omitted), (b-e) views of the
intermolecular interactions and packing (non-interacting hydrogens omitted): (b) r---1t interactions, (c)
the two different sets of CH---m interactions, (d) view of the packing down the crystallographic b-axis (e)

view of one two-dimensional sheet in the ac-plane.
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Cartesian coordinates of the ground-state optimized geometries
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Electrochemical properties

TPA-ace-CN (CV)
- - - TPA-ace-CN (DPV)

- TPA-ace-Br (CV)
- - - TPA-ace-Br (DPV)

= TPA-ace-TRZ (CV) N
- - - TPA-ace-TRZ (DPV)

—2TPA-ace (CV)
- - - 2TPA-ace (DPV)

- TPA-ace (CV)
- - - TPA-ace (DPV)

Potential vs SCE /V

Figure S35. Anodic half wave cyclic voltammograms and DPV scans of the emitters (scans were

carried out in degassed DCM at a scan rate of 100 mV s!).

Photophysical properties

Table S2. PLQY of the TPA-ace series in zeonex (1 wt% doping concentration, drop casted).
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Emitter PLQY Air; N2 (%)*

TPA-ace 20.1; 20.8

TPA-ace-Br 1.8;2.8

TPA-ace-CN 18.3; 18.8

TPA-ace-TRZ 12.2;12.2

2TPA-ace 16.6; 17.0
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Figure S36. Deconvoluted absorption spectra of a) TPA-ace, b) TPA-ace-Br, c) 2TPA-ace, d)

TPA-ace-CN and e) TPA-ace-TRZ in toluene solution.
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Figure S37. Concentration dependence of 2TPA-ace in MCH solution
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Figure S38. Peak of time-resolved spectra of a) TPA-ace and b) 2TPA-ace in toluene solution,

subtracting their respectively pure LE spectra.
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Figure S39. Peak of time-resolved spectra after stabilization of CT state for a) TPA-ace-Br, b)

TPA-ace-CN and c) TPA-ace-TRZ in toluene solution.
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Figure S40. Fitting of kinetic decay results for a) TPA-ace, b) TPA-ace-Br, c) 2TPA-ace, d)

TPA-ace-CN and e) TPA-ace-TRZ in toluene solution.
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Figure S41. Oxygen quenching of total luminescence signal from for a) TPA-ace-Br, b) TPA-

ace-Br (normalised), ¢c) TPA-ace-CN and d) TPA-ace-TRZ in DCM solution.
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Figure S42. Comparison of the time resolved luminescence spectra decay of a) TPA-ace-Br in

toluene b) TPA-ace-Br in DCM c¢) TPA-ace-CN in toluene d) TPA-ace-CN in DCM ¢) TPA-

ace-TRZ in toluene and f) TPA-ace-TRZ in DCM solution.
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Figure S43. Fitted decay times from a) TPA-ace-Br, b) TPA-ace-CN and c) TPA-ace-TRZ

dissolved in DCM, 20 uM excited at 355 nm.
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Figure S44. Area normalized emission spectra of TPA-ace-TRZ in 1% ZEONEX films at room

temperature.
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Figure S45. Onset of time resolved emission spectra for 1 wt% ZEONEX film of a) TPA-ace,

which band was deconvoluted in order to obtain only !CT onset, b) TPA-ace-Br, ¢) 2TPA-ace,

d) TPA-ace-CN, ¢) TPA-ace-TRZ, obtained after stabilization of 'CT.
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Figure S46. Fitting of kinetic decay results for a) TPA-ace-Br, b) 2TPA-ace, c) TPA-ace-CN

and d) TPA-ace-TRZ in 1% ZEONEX film.
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Figure S47. Time resolved normalized emission spectra of a) TPA-ace, b) TPA-ace-Br, c)
2TPA-ace, d) TPA-ace-CN and b) TPA-ace-TRZ in 1% ZEONEX films. d) Time resolved
fluorescence decay curves in the entire region of analyses. The curves were obtained with 355

nm excitation.
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