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1. Synthesis

KOH

Scheme S1.  Synthesis of (Zn)DMP-N;-COOH.

Synthesis of (Zn)DMP-N3;-COOH. To a solution of [5-(4-methoxycarbonylphenyl)-15-(4-azidophenyl)-10,20-bis(2,4,6 trimethylphenyl)
porphyrinato] zinc (50 mg, 0.058 mmol) in 20 mL of a THF MeOH mixture (2 : 1), an aqueous solution (7 mL) of KOH (300 mg, 5.35
mmol) was added and the mixture was stirred at room temperature overnight. The solvents were evaporated under reduced pressure and
distilled H,O (15 mL) was added to the resulting residue. After acidification of the mixture by addition of HCI (aq) 1 M, the product was
precipitated, filtered, washed with distilled and dried resulting in 46 mg of porphyrin (0.054 mmol, yield: 94%). 'H NMR (500 MHz,
DMSO-de): 8 13.2 (s, 1H), 8.74 (d, *Jyyn = 4.6 Hz, 2H), 8.71 (d, *Jyyu = 4.6 Hz, 2H), 8.59 (d, *Jyu = 4.5 Hz, 4H), 8.33 (m, 4H), 8.22 (d,
3Jin = 8.45 Hz, 2H), 7.52 (d, *Jyy = 8.45 Hz, 2H), 7.31 (s, 4H), 2.58 (s, 6H), 1.78 (s, 12H). *C NMR (75 MHz, DMSO-d;): ™ 167.5,
1454, 139.5, 138.4, 138.0, 137.7, 137.3, 135.6, 134.5, 131.7, 130.7, 130.4, 127.9, 118.7, 118.3, 118.0, 117.8, 21.2, 21.1. UV/Vis
(THF):Amax (6, mM'em™) = 424 (368.2), 550 (19.1), 597 (2.8) nm. HRMS (MALDI-TOF): m/z calc for Cs5;H4N;0,Zn [M + H]
846.2535, found 845.2522. Anal. Calc for C5;H;39N,0,Zn: C, 72.30; H, 4.64; N, 11.57. Found: C 72.26; H 4.68; N 11.60.
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Scheme S2.  Synthesis of 1.

Synthesis of 1. Equimolar amounts of porphyrin (Zn)DMP-N3-COOH (26 mg, 0.031 mmol) and BDP-O-Triple (11,7 mg, 0.031 mmol)
were dissolved in a 1:1 mixture of THF/CH;CN (5 mL) under nitrogen atmosphere. Next, Cul (6 mg, 0.032 mmol) and DIPEA (5 [1t,
0.031 mmol) were added and the reaction mixture was stirred at room temperature for 12 hours. Upon reaction completion, the volatiles
were removed under reduced pressure and the crude solid, after diluted in CH,Cl,, was purified by column chromatography (silica gel,
CH,Cl,) yielding the 20 mg of 1 (0.016 mmol, yield: 53%). 'H (500 MHz, DMSO-dg): ™ 13.17 (s, 1H), 9,29 (s, 1H), 8.79 (d, *Jy 5 = 4.6
Hz, 2H), 8.72 (d, *Jiin = 4.6 Hz, 2H), 8.61 (m, 4H), 8.42 (d, *Jiy iy = 8.4Hz, 2H), 8.33 (m, 6H), 7.34 (s, 4H), 7.32 (s, 4H), 6.19 (s, 2H), 5.42
(s, 2H), 2.58 (s, 6H), 2.46 (s, 6H), 1.79 (s, 12H), 1.44 (s, 6H). *C NMR (75 MHz, DMSO-dy): ™ 167.7, 158.7, 154.7, 149.2, 149.0, 148.8,
147.3, 143.8, 143.1, 142.8, 142.1, 139.1, 138.4, 137.0, 136.0, 135.3, 134.4, 131.9, 131.2, 130.5, 130.0, 129.3, 127.6, 127.5, 126.6, 123.5,
121.4, 118.6, 118.4, 118.3, 115.8, 61.4, 21.5, 21.1, 14.3. UV/Vis (THF): Apay (8, mM'cm™) = 425 (369.2), 500 (46.1), 557 (11.6), 598
(2.9) nm. HRMS (MALDI-TOF): m/z caled. for C;3Hg;BFNyO; Zn [M + H]' 1224.4250, found 1224.4263. Anal. Caled for
Co3HgoBF2NyO3Zn: C, 71.54; H, 4.93; N, 10.29. Found: C, 71.50; H 4.95; N 10.32.
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Scheme S3.  Synthesis of 2.

Synthesis of 2. Equimolar amounts of porphyrin (Zn)DMP-N3-COOH (26 mg, 0.031 mmol) and BDP-Triple (10,8 mg, 0.031 mmol)
were dissolved in a 1:1 mixture of THF/CH;CN (5 mL) under nitrogen atmosphere. In the next step, Cul (6 mg, 0.032 mmol) and DIPEA
(5 plt, 0.031 mmol) were added and the reaction mixture was stirred at room temperature for 12 hours. Upon reaction completion, the
volatiles were removed under reduced pressure and the crude solid, after diluted in CH,Cl,, was purified by column chromatography (silica
gel, CH,Cl,) yielding the 22 mg of 2 (0.018 mmol, yield: 59%). 'H (500 MHz, DMSO-dq): ™ 13.09 (s, 1H), 9,76 (s, 1H), 8.83 (d, *Jiy =
4.4 Hz, 2H), 8.73 (d, *Jup = 4.1 Hz, 2H), 8.63 (d, *Juy = 4.1 Hz, 2H), 8.61 (m, 2H), 8.47 (d, *Jy s = 7.8 Hz, 2H), 8.35 (m, 6H), 8.28 (d,
3Jin = 7.4 Hz, 2H), 7.60 (d, *Jiyn = 7.5 Hz, 2H), 7.32 (s, 4H), 6.22 (s, 2H), 2.58 (s, 6H), 2.50 (s, 6H) 1.79 (s, 12H), 1.50 (s, 6H). *C NMR
(75 MHz, DMSO-dg): ™ 167.7, 155.1, 149.4, 149.2, 149.1, 148.8, 147.3, 146.8, 143.2, 142.8, 141.6, 139.1, 138.4, 137.0, 136.0, 135.4,
1344, 134.0, 132.0, 131.2, 130.8, 130.5, 129.8, 128.8, 127.6, 126.2, 121.5, 120.7, 118.6, 118.4, 118.3, 21.5, 21.1, 14.3. UV/Vis (THF):
Amax (€, MM cm™) = 425 (379.7), 500 (46.1), 557 (12.3), 598 (2.2) nm. HRMS (MALDI-TOF): m/z calc. for C;,HssBN,O,Zn [M + H]*
1194.4144, found 1194.4161. Anal. Calc. for C;,HssBF,NgO,Zn: C, 72.34; H, 4.89; N, 10.54. Found: C, 72.38; H 4.86; N 10.52.
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2. Materials and techniques.

All manipulations were carried out using standard Schlenk techniques under nitrogen atmosphere. Cul, KOH, diisopropylethylamine
(DIPEA) and other chemicals and solvents were purchased from usual commercial sources and used as received, unless otherwise stated.
Tetrahydrofuran (THF) was distilled from Na/benzophenone while acetonitrile (CH;CN) was kept over activated 3 A molecular sieves for
24 hours prior use. [5-(4-methoxycarbonylphenyl)-15-(4-azidophenyl)-10,20-bis(2,4,6-trimethylphenyl)porphyrinato]zinc was prepared
according to literature procedure. [1]

NMR spectra. NMR spectra were recorded on Bruker AVANCE II1-500 MHz and Bruker DPX-300 MHz spectrometers using solutions in
deuterated solvents and the solvent peak was chosen as the internal standard.

Mass spectra. High-resolution mass spectra (HRMS) were recorded on a Bruker UltrafleXtreme MALDI-TOF/TOF spectrometer, using
trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene] malononitrile as Matrix.

Photophysical measurements. UV-vis absorption spectra were measured on a Shimadzu UV-1700 spectrophotometer using 10 mm path-

length cuvettes. Emission spectra were measured on a JASCO FP-6500 fluorescence spectrophotometer equipped with a red sensitive

WRE-343 photomultiplier tube (wavelength range 200-850 nm). The solid-state characterization was carried out on quartz slides. The

films consisted of the same composition as those used for device characterization and were prepared using the same procedure.

Microscopic studies: AFM images were performed with VEECO DIMENSION 5000, and the probe head is from NanoScope V.

Theoretical calculations. In order to further explore the molecular structures of 1 and 2, as well as to get insight into their electron density
distribution of their frontier molecular orbitals (FMOs) theoretical calculations were carried out using the Gaussian 03 program suite.’
Density functional theory (DFT)* with hybrid B3LYP functionals*® and the 6-31G(d) basis sets were performed for gas phase geometry
optimization of 1 and 2 (Figure S11, Table S1 and Figure S12 table S2, respectively). TDDFT calculations were carried out using geome-
try optimized coordinates in the same level of theory and basis sets. The input geometries as well as the computed structures and molecular
orbitals were modeled using ChemCraft software.®

3. Device fabrication and characterization

Double layer LECs were fabricated as follows. ITO coated glass plates were patterned by conventional photolithography (Naranjo Sub-
strates). The substrates were cleaned by using sequential ultrasonic baths, namely in water-soap, water, ethanol, and propan-2-ol solvents.
After drying, the substrates were placed in a UV—ozone cleaner (Jelight 42-220) for 10 min. An 100 nm layer of PEDOT:PSS was doctor-
bladed onto the ITO-glass substrate to increase the device preparation yield (400 Om substrate distance and a speed of 10 mm/s). The
luminescent layer comprised a mixture of the dyads, reference and equimolar mixture of the references with LiCF;SO; dissolved in trime-
thylolpropane ethoxylate (TMPE) with the mass ratio of 1:0.06:0.2, respectively. The solutions were stirred in a sealed vial over time. The
active layer was deposited by means of doctorblading (850 Om substrate distance and a speed of 12 mm/s) and spincoating technique
(800 rpm, 15 s; 1200 rpm, 20 s, 3000 rpm, 10 s) reaching a thickness of 80-130 nm. These conditions resulted in homogenous thin films
with a roughness less than 5 %, having no apparent optical defects. The latter was determined using the profilometer DektakxT from
Bruker. Once the active layer was deposited, the samples were transferred into an inert atmosphere glovebox (<0.1 ppm O, and H,O, Inno-
vative Technology). Aluminum cathode electrode (90 nm) was thermally evaporated using a shadow mask under high vacuum (<1010°°
mbar) using an Angstrom Covap evaporator integrated into the inert atmosphere glovebox. Time dependence of luminance, voltage, and
current was measured by applying constant and/or pulsed voltage and current by monitoring the desired parameters simultaneously by
using Avantes spectrophotometer (Avaspec-ULS2048L-USB2) calibrated in conjunction with a sphere Avasphere 30-Irrad using Default
parameters and Botest OLT OLED Lifetime-Test System. Electroluminescence spectra were recorded using the above mentioned spectro-
photometer.
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Table S1. Photoluminescence and redox features of the BODIPY and Porphyrin reference as well as the dyads 1 and 2.

Compound Absorption Emission Redox®

Amax/ N (€/Mem”) Emission”” 0° 0° Elped Elored Eipox  Eipox
Amay/ DM % % V \Y% \Y% \Y%

Zn-Porphyrin 424(368222);550(19064); 607; 657°/ 660° - 4.4 -115 -1.52 1.03 1.38
597(2824)

BODIPY-O- 500(46856); 350(4071); 307(4377)  512°/- ST - a3 - 138 -

Triple

BODIPY-Triple 499(42761); 361(3482); 306(2342) 514°/-" 51 - -1.09 1.41

1 425(369248);500(46095); 514;607;656°/656" 11 48 -118 1.4 0.98 1.34
557(11550); 598(2942)

2 426(379729);501(41149); 515:607;655/659" 44 43 -1m 39 103 140

557(12259); 598(2165)

?Absorption and emission maxima measured in THF. "Emission maxima of the thin films. “Photoluminescence quantum yields

using rhodamine (® = 49% in ethanol) as standard measured in THF upon excitation at 490 nm. Photoluminescence quantum
yields using ZnTPP (® = 0.03 in toluene) as standard measured in THF upon excitation at 550 nm. “Electrochemical redox data
measured in THF, reported vs. SCE with Fc/Fc* as internal standard (E,, o, is 0.55V).

—_—CV
— SQ

— . .
-1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
Applied Potential / V

Figure S19.  Cyclic (CV) and square wave (SQ) voltammograms of 1 in THF. All potentials are reported vs. SCE and FcH/FcH" was
used as internal standard (E;,Ox = 0.55 V).
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Figure S20.  Cyclic (CV) and square wave (SQ) voltammograms of 2 in THF. All potentials are reported vs. SCE and FcH/FcH" was
used as internal standard (E;,O0x = 0.55 V).

b3
s
| A
R R W Ho
L} . Ao )
e .'. P » e e
] e
' Lumosz 8 .
:
20 LUMOH2 -2 334 by . . )’j s
24— LUMOH1 2370 . £ 2o as iy W 4
W PRCL A | 2 P2 9q 55«
28} LUMD 2436 W age O o hy .r.& .
a3 At 4T ﬂ..b“"" LUMO+1 3t
ask 4 b '
Y Mo TR : 4
aslk ,"_’
Energy oL ™
Levels (V) ¢
qap- = .
ash O s 0".'- b4
HOMO 5215 -?o)lt:-,. > Al
Y = o o g o .- 3 l'_.:-'.,..._, S
=0 HOMOA 5332 w ey 6 6 ¢
s6f o f T %
HOMO-2 -5.400 4 - ) N o
sof HOMO-1 it

Figure S21.  Frontier molecular orbitals of 1 with the corresponding energy levels.

15



§LCER .
v
LUMO+2 ' v
A [
£
‘; drie rag )‘%’J
A A.' . "‘ SN
e "4-.‘?."". > 9
"'s‘ G tumos1 ¥
LUMO .'
i
¢ & s
» .0. 4 :
4 A“-:". - % " ;
. 13‘."_. . o
HOMO 4 & LS
' ) -
HOMO-1 '
= '
¢ A
A
HOMO-2 i‘
'

Gas phase geometry optimized structure of 1. Carbon, nitrogen, hydrogen, oxygen, fluoro, zinc and boron atoms corre-

spond to grey, blue, white, red, light blue, green and yellow spheres, respectively.

20 v LUMO*2 2326
2a =§ LUMO=1 -2.380
28 LUMO 2,456
azp
B6-
Energy a0k
Levels (V)
R
48
2ol HOMO -5238
=
_\‘ . J
. e HOMO-1 5332
HOMO-2 -5418
Bsor
Figure S22.
Figure S23.
Table S2.

3826.71253198 Hartree/particle.

C  -3.841126000

C  -2.807861000

C  -3.374976000

C  -4.740324000

C  -5.055547000

-2.097396000

-2.748323000

-3.856581000

-3.861077000

-2.803754000

3.472486000

4.077336000

4.813437000

4.645004000

3.825251000

Coordinates of gas phase geometry optimized structure of 1 at the B3LYP/LANL2DG/6-31G* level with energy E = -
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Figure S24.

Table S3.
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Gas phase geometry optimized structure of 2. Carbon, nitrogen, hydrogen, oxygen, fluoro, zinc and boron atoms corre-
spond to grey, blue, white, red, light blue, green and yellow spheres, respectively.

Coordinates of gas phase geometry optimized structure of 2 at the B3LYP/LANL2DG/6-31G* level with energy E = -
3712.19862069 Hartree/particle.

C  -1.695180000  0.219894000 -0.794216000

C -0.743634000 -0.720705000 -1.053218000
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Figure S25. Top: Femtosecond transient absorption spectra of the BODIPY reference compound in argon saturated THF; 1 ps (black), 10
ps (red), 100 ps (green), 1000 ps (blue), and 7500 ps (cyan) after excitation at 505 nm. Bottom: Corresponding time absorption profiles at
485 nm (black) and 1100 nm (red).
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Figure S26. Top: Femtosecond transient absorption spectra of the BODIPY-ZnP dyad 1 in argon saturated THF; 1 ps (black), 10 ps (red),
100 ps (green), 1000 ps (blue), and 7500 ps (cyan) after excitation at 505 nm. Bottom: Corresponding time absorption profiles at 460 nm

(black) and 580 nm (red).

28



0.3 -+ T T
= x
n
a re——
o
<
800 1000 1200
Wavelength / nm
0.15 —tt - . v
0.10 .
3
a 1
o
Q 0.05 .
LD IIIIIITIIININ
o‘oo L i A 4 A
0 250 500 2000 4000 B000 8000
Time / ps

Figure S27. Top: Femtosecond transient absorption spectra of the BODIPY-ZnP dyad 2 in argon saturated THF; 1 ps (black), 10 ps (red),
100 ps (green), 1000 ps (blue), and 7500 ps (cyan) after excitation at 505 nm. Bottom: Corresponding time absorption profiles at 440 nm

(black) and 580 nm (red).

Figure S28. AFM images of 1 (left), Zn-porphyrin (middle), and 1:1 molar ratio mixture of BODIPY:Zn-Porphyrin films with a thickness
of 110 nm.
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Figure S29. Current density (black) and brightness (red) versus applied voltage assays for devices with BODIPY (top left) and Zn-

porphyrin (top right) reference devices, 1 (central left), 2 (central right), and 1:1 molar ratio Zn-porphyrin: BODIPY (bottom) devices. The
inset shows the EL spectra recorded at 10 V.

References
[1] Nikolaou, V.; Angaridis, P. A.; Charalambidis, G.; Sharma, G. D.; Coutsolelos, A. G. Dalton Trans. 2015, 44, 1734

[2] G. W. Trucks, M. J. Frisch, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, J. A. Montgomery, T. Vreven, K. N. Kudin,
J. C. Burant, J. M. Millam, S. S. Lyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A. Petersson, H. Na-
katsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li,
J. E. Knox, H. P. Hratchian, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R.
Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala, K. Morokuma, G. A. Voth, P. Salvador, nJ. J. Dannenberg, V. G. Zakrzewski, S. Dap-
prich, A. D. Daniels, M. C. Strain, O. Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G.
Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J. Fox, T. Keith, M. A.
Al- Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W. Wong, C. Gonzalez and J. A.
Pople, Gaussian 03 (Revision D.01), Gaussian Inc., Wallingford, CT, 2004.

[3]. L. S. W. Kohn, Phys. Rev., 1965, 140, A1133.
[4] A. D. Becke, Phys. Rev. A: At., Mol., Opt. Phys., 1988, 38, 3098.
[S]C.T. Lee, W. T. Yang and R. G. Parr, Phys. Rev. B: Condens. Matter Mater. Phys., 1988, 37, 785.

[6] D. A. Zhurko and G. A. Zhurko, ChemCraft 1.6, Plimus, San Diego, CA, available at http://www.chemcraftprog.com.
30



