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Experimental

Instrumentation

Nuclear magnetic resonance (NMR) spectroscopy. 'H spectra were recorded by a Bruker Avance
111 apparatus (400 MHz). The samples were prepared by dissolving ca. 20 mg of a compound in 1 ml
of deuterated chloroform (CDCIl;). Hydrogen nuclei 'H were excited using the frequency of 400
MHz. The data are presented as chemical shifts () in ppm (in parentheses: multiplicity, integration,

coupling constant).

Attenuated total reflectance infrared spectroscopy (ATR-IR). IR spectra were recorded by using
a Vertex 70 Bruker spectrometer equipped with an ATR attachment with a diamond crystal over
frequencies of 600-3500 cm~! with a resolution of 5 cm™' over 32 scans. IR spectra are presented as
a function of transparency (T) expressed in percent (%) against the wavenumber (v) expressed in

cm .

Mass spectrometry. Mass spectra were obtained on a Waters ZQ 2000 mass spectrometer.

Melting points of the compounds were determined by using an Electrothermal MEL-TEMP

apparatus.

UV-VIS absorption spectroscopy. Absorption spectra of the dilute solutions (10~4-10-> mol/l) and
thin films of the compounds were recorded under ambient conditions with a Perkin Elmer Lambda

25 spectrophotometer.

Photoluminescence (PL) spectroscopy. Fluorescence spectra of thin films and dilute solutions (10~
4-10-3mol/1) of the compounds were recorded at room temperature with a luminescence spectrometer
Edinburgh Instruments FLS980. PL quantum yields of the solutions and thin films were measured

using an integrating sphere. Phosphorescence spectra were recorded at 77 K.



Differential scanning calorimetry (DSC) measurements were carried out using a 74 Instruments
02000 thermosystem. The samples were examined at a heating/cooling rate of 10 °C/min under

nitrogen atmosphere.

Thermogravimetric analysis (TGA) was performed under nitrogen atmosphere on a T4 Instruments

050 analyser. The heating rate was 20 °C/min.

Photoelectron emission spectrometry was used to determine the ionisation energies (IE) of the
layers of the synthesised compounds !. For the recording of the photoelectron emission spectra, the
layers were prepared by drop-casting chloroform solutions of the materials onto cleaned indium tin
oxide (ITO)-coated glass substrates. A negative voltage of 300 V was applied to the sample substrate.
A deep UV deuterium light source ASBN-D130-CM and CM110 1/8 m monochromator were used
for the illumination of the samples with monochromatic light. A 6517B Keithley electrometer was
connected to the counter-electrode for the measurement of the photocurrent which was flowing in the
circuit under illumination. An energy scan of the incident photons was performed while increasing
the photon energy. The photocurrent (which is attributed to dU/dr) is dependent on the incident light
photon energy (4v). The IE was estimated as the intersection points of the extrapolated linear part of

the dependence (dU/dr)1/2=f(hv) and the hv axis (i.e. the hv value at zero photocurrent).

Cyclic voltammetry measurements were performed by using a glassy carbon working electrode (a
disk with the diameter of 2 mm) in a three-electrode cell of Autolab Type potentiostat — galvanostat.
The measurements were carried out for the solutions in dry dichloromethane containing 0.1 M
tetrabutylammonium hexafluorophosphate at 25 °C; the scan rate was 50 mV/s while the sample
concentration was 10 M. The potentials were measured against silver as a quasi-reference electrode.
Platinum wire was used as a counter electrode. The potentials were calibrated with the standard

ferrocene/ferrocenium (Fc/Fc*) redox system 2.



Computational methods. All calculations were carried out in the frame of density functional theory
(DFT) by using ®B97XD functional 3 in conjunction with the 6-31++G(d,p) basis set: (i) Firstly, the
geometry optimisation, and the study of the electronic structure and optical properties of both
molecules were carried out by using the default value for the @ parameter (0.2 bohr!). The impact of
the environment at this step was considered by simply using conductor-like polarisable continuum
model (CPCM)* for solvation with diethyl ether (¢ = 4.12). (ii) In a second step, the value for the ®
parameter was tuned> by considering the impact of diethyl ether, resulting in a much smaller  (0.011
bohr!) as compared to the default one. The tuned @ parameter will be reported hereafter as ©-CPCM.
The geometries of both molecules were optimised subsequently by using ®-CPCM = 0.011 bohr!.
This last geometry (reported hereafter as geom-solvent) was used subsequently for each molecule
during time-dependent density functional theory (TDDFT) calculations, in which the impact of the
solvent was additionally included by using @-CPCM =0.011 bohr!. As such, the impact of the solvent
was introduced by using geom-solvent in conjunction with w-CPCM, without utilising the CPCM

method further.

In order to quantify the degree of CT for the calculated excitations, the spatial overlap (A) for linear
excitations from TDDFT was calculated using a method described by Tozer et al.® where each

contribution (k) is scaled (equations 1 and 2).
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All calculations were carried out using Gaussian 09 rev D.01 software.”



Materials

1-Bromo-3-iodobenzene, 1-bromo-3,5-difluorobenzene (purchased from TCI Europe), 9H-carbazole,
cesium carbonate, copper, 18-crown-6, palladium (0) tetrakis(triphenylphosphine), potassium
hydroxide, 2,4,6-trifluorophenylboronic acid, fert-butylchloride, zinc chloride (purchased from
Aldrich), were used as received. Thin layer chromatography was performed by using TLC plates
covered with a silica gel matrix on aluminium backing (purchased from Aldrich). 3,6-Di-tert-butyl-
carbazole was synthesised according to the reported procedure 3. 9-(3-Bromphenyl)-3,6-di-zert-
butylcarbazole (BrPhmCz) was synthesised according to reference °. 9,9'-(5-Brom-1,3-
phenylene)bis(3,6-di-tert-butylcarbazole) (BrPhdiCz) was synthesised according to a previously

reported literature procedure '°.

Target compounds 1-2 were synthesised by employing Suzuki coupling reaction '!. A mixture of
brominated intermediate compounds BrPhmCz or BrPhdiCz, 2,4,6-trifluorophenylboronic acid, and
cesium carbonate was placed under vacuum into a Schlenk flask and then backfilled with nitrogen
three times before adding N,N-dimethylformamide. The reaction mixture was refluxed overnight.
After cooling to ambient temperature, it was poured into water. The aqueous phase was extracted
with CH,Cl, (3 x 50 ml); the combined organic phases were dried over sodium sulfate, filtered, and
then the solvent was removed. The target product was purified by column chromatography on silica

using hexane as eluent.

9-(2,4,6-Trifluoro-[1,1'-biphenyl]-3'-yl)-3,6-di-tert-butylcarbazole (1)

Intermediate compound BrPhmCz (0.55 g, 1.2 mmol), 2,4,6-trifluorophenylboronic acid (0.28 g, 1.6
mmol) and cesium carbonate (0.81 g, 2.5 mmol) in DMF (15 ml) were used for the synthesis of
compound 1. The yield of white crystals was 37% (0.213 g). Ty=134 °C (DSC). C;,H3oF;N. 'TH NMR
(400 MHz, CDCls) 6 8.06 (d, J = 5.0 Hz, 2H), 7.66 (s, 2H), 7.60 — 7.32 (m, 6H), 7.27 (d, /= 8.6 Hz,

2H), 1.39 (s, 18H). 13C NMR (101 MHz, CDCl;) & 143, 142, 139, 138, 131, 130, 129, 126, 124, 123,



116, 109, 77, 76, 34, 32, 30. ATR-IR (solid state on ATR, cm-1): 3057 (Ar. C—H), 2953, 2926 (Alk.
C-H), 1361(Alk. C-N),1294, 1260, (Alk. C-F). MW=485.17 g/mol. MS(APCI*, 20 V), m/z=486
[(M+H)].

9,9'-(2,4,6-Trifluoro-[1,1'-bifenyl]-3',5'-y1)bis(3,6-di-tert-butylcarbazole) (2)

Intermediate compound BrPhdiCz (0.35 g, 0.493 mmol), 2,4,6-trifluorophenylboronic acid (0.32 g,
1.87 mmol) and cesium carbonate (0.81 g, 2.5 mmol) in DMF (15 ml) were used for the synthesis of
compound 2. The yield of white crystals was 39% (0.132g). Ty=292 °C (DSC). Cs;Hs3F3N,.'"H NMR
(400 MHz, CDCl;) ¢ 8.05 (d, J=17.8 Hz, 4H), 7.83 — 7.63 (m, 2H), 7.56 (d, /= 7.8 Hz, 2H), 7.50 —
7.30 (m, 8H), 6.76 (t,J= 8.2 Hz, 1H), 1.38 (d, /= 6.4 Hz, 36H). 13C NMR (101 MHz, CDCl;) 3 143,
142, 138, 137, 129, 124, 123, 122, 116, 115, 109, 108, 76, 75, 33, 30. ATR-IR (solid state on ATR,
cm-1): 3057 (Ar. C-H), 2953, 2926 (Alk. C-H), 1361(Alk. C-N),1294, 1260, (Alk. C-F).

MW=762.42 g/mol, MS (APCI, 20 V), m/z=763 [(M+H)"].



Table S1. Summary of singlet excitations for TDDFT calculations of 1 and 2 with default ® or ®-CPCM

Compound Method Excitation A (nm) f Dominant transition Transition
description?

S1 294.7 0.10 HOMO - LUMO+1 LE
S, 265.4 0.20 HOMO - LUMO LE+CT
S3 263.7 0.45 HOMO-1 - LUMO+1 LE+CT
Sa 258.6 0.49 HOMO - LUMO+2 LE+CT
Ss 241.6 0.53 HOMO->LUMO+10 LE+ CT

1 Default w Se 230.2 0.01 HOMO-5->LUMO LE
S; 226.4 0.09 HOMO->LUMO+3 LE+CT
Sg 225.5 0.66 HOMO-2->LUMO LE+CT
Sq 2225 0.80 HOMO-3->LUMO+1 LE+CT
S10 218.9 0.46 HOMO-1->LUMO+11 LE+CT
S1 325.1 0.01 HOMO - LUMO CT
S, 313.2 0.003 HOMO->LUMO+1 LE+CT
S3 3125 0.04 HOMO->LUMO+3 LE
Sa4 293.0 0.007 HOMO->LUMO+2 CT
Ss 289.7 0.001 HOMO->LUMO+4 CT

1 w-CPCM Se 283.0 0.003 HOMO-1->LUMO CT
S, 277.1 0.10 HOMO-1->LUMO+3 LE
Sg 275.8 0.0001 HOMO->LUMO+5 CT
So 275.6 0.01 HOMO-1->LUMO+1 CT
S0 267.6 0.003 HOMO->LUMO+6 CT
S, 292.6 0.13 HOMO->LUMO+1 LE
S, 291.9 0.04 HOMO->LUMO+2 LE
S3 278.2 0.17 HOMO->LUMO CT
Sa 267.7 0.12 HOMO->LUMO+3 CT
Ss 261.7 0.15 HOMO-2->LUMO+1 LE

2 Default w Se 261.0 0.55 HOMO-2->LUMO+2 LE
Sy 260.2 0.27 HOMO-1->LUMO+3 LE
Sg 252.5 0.07 HOMO-1->LUMO CT
So 240.5 0.07 HOMO-1->LUMO+16 LE
S10 238.3 0.63 HOMO->LUMO+16 LE+ CT
S1 338.7 0.016 HOMO—->LUMO CT
S, 333.4 0.003 HOMO->LUMO+1 CT
Ss 327.3 0.003 HOMO-1->LUMO CT
S4 322.2 0.006 HOMO-1->LUMO+1 CT
Ss 312.2 0.073 HOMO->LUMO+3 LE

2 w-CPCM Se 311.4 0.019 HOMO->LUMO+4 LE
S, 296.2 0.010 HOMO—->LUMO+2 CT
Sg 293.9 0.001 HOMO->LUMO+5 CT
So 291.3 0.001 HOMO-2-LUMO CT
S10 290.9 0.001 HOMO-3->LUMO CT

aWhere CT = charge transfer state, LE = local excitation and LE + CT is a mix of these excitations
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Figure S2. Cyclic voltammograms of solid samples of compounds 1 and 2.
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Figure S3. Absorption and fluorescence spectra of 9H-carbazole toluene solution



LUMO + 10

%

J-’ . "‘J
9 }Jj
HOMO LUMO + 12

Figure S4. Transitions for T; excitation of compound 1 determined by TDDFT. ®B97XD/6-31++G(d,p),
default ®

11



LUMO + 10

K=0.66

HOMO LUMO +1

Figure S5. Transitions for S; excitation of compound 1 determined by TDDFT. ©B97XD/6-31++G(d,p),

default ®

12



LUMO + 3
sald
,i?;f )

@
i )
A ﬁ; 0}’3) 4,

LUMO +3

5 g

3.

®
B8

LUMO + 12

AR

HOMO LUMO + 13

Figure S6. Transitions for T; excitation of compound 1 determined by TDDFT. ©B97XD/6-31++G(d,p), ®-

CPCM

13



HOMO LUMO

Kk=0.29

HOMO

N

HOMO LUMO +

k=0.24

HOMO LUMO +4

k=0.56 N J‘V".Q’J‘ ,
300wl
:: R

Figure S7. Transitions for S; excitation of compound 1 determined by TDDFT. ©«B97XD/6-31++G(d,p), ®-

CPCM

14



k=0.14

4

k=0.13

4

k=0.34

4

k=0.35

4

LUMO +1

5
Wy
A

k=0.15

4

>
£ ¥4
<4

LUMO + 16

15



k=0.11 &“
‘ff o9

HOMO LUMO + 14

Figure S8. Transitions for T; excitation of compound 2 determined by TDDFT. ®B97XD/6-31++G(d,p),

default ®

HOMO -3

LUMO + 2

&
%
§

HOMO

Figure S9. Transitions for S; excitation of compound 2 determined by TDDFT. ®B97XD/6-31++G(d,p),

default ®

16



X @ PP
P g
, J;“J
HOMO - 3

o 2 3
F- Ty
)»JJ ‘._:", #
HOMO -3

.
?

>
3 % e
£ 5
3 ¥ “J
N

5 J"J

LUMO + 3

LUMO + 3
]
3
o
9 > 4
i
5 ~,
LUMO + 4

LUMO +4

-
38

s -2

LUMO + 17



Kk=0.16 2

LUMO + 15
[ ]
]
3

? ‘.d_ ¥
5 e g 5 ,
C o

P
o, 5

HOMO LUMO + 18

Figure S10. Transitions for T, excitation of compound 2 determined by TDDFT. ®B97XD/6-31++G(d,p),
®-CPCM

4 2 4+ 1
X 5
M o
’ iy

, -

HOMO -1 LUMO +1

?“w K =0.65

; 4 <
47 ity
T Tt
Iy A
HOMO LUMO +5

Figure S11. Transitions for S; excitation of compound 2 determined by TDDFT. ®@B97XD/6-31++G(d,p), ®-
CPCM

18



1.2x10°~

1.0x10°~

I

2

<
Il

6.0x10°4

Intensity, a.u.

4.0x10°4

2.0x10°4

0.0

e=—compound 1 pre-evac
= compound 1 after evac

Wavelength, nm

1.2x10°

1.0x10°4

u.

8.0x10°=

Intensity, a.

)

<

QU
']

4.0x10"<

e compound 2 pre-evac
e compound 2 after evac

2.0x10° =4

c)

LS VN VA VS VL VA VL
340 360 380 400 420 440 460 480 500

Wavelength, nm

1000

100

== compound 1 @ 360 nm
—— fitting
71=0.38 ns
12=4.06 ns

72=1.112

60 70

Intensity, a.u.

compound 1 @ 450 nm
——fitting

11=1.20 ns
12=6.93 ns

22=1.002

100000

100 200

Time, ns

10000
1

1000
1

100

1
104

ity, a.u

1

compound 2 @ 350 nm
—— fitting

11=0.36 ns
712=2.99 ns

22=1.008

10000

60 70

Intensi

1000 4
1001

10-|

1

compound 2 @ 380 nm
——fitting

©=038ns [
©2=4.06 ns

2=1012 |

‘\ll'l

d)

75 100

Time, ns

Figure S12. Fluorescence spectra (a) and PL decays (b) of solid films of carbazole-substituted compounds 1
and 2 under air and deoxygenated conditions.
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