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Figure S1. Structure of the compounds divided into the linker in the donor-acceptor system (4-C or 3-C position) (Publi-
cations: 37, 39, 40, 46, 48, 49, 50, 52). 
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Table S1. Photophysical and electrochemical properties of 1-20 derivatives (Figure S1.) based on the literature data. 

No. Medium for  
UV-Vis and PL 

UV-Vis  PL   
Medium for CV 

CV 
Ref. 

λmax [nm]  λem [nm] Ф  𝐄𝐠𝐨𝐩𝐭 [eV]  IP [eV] EA [eV] 𝐄𝐠𝐂𝐕 [eV] 
1 THF 431  518 0.15 2.55  THF 5.37a −2.99 2.55 a 

48 
2 THF 427  544 0.10 2.48  THF 5.54a −2.89 2.48 a 
3 CH2Cl2 371, 392, 423  438, 464 62% -  CH2Cl2 6.31 3.37 2.94 

37 
4 CH2Cl2 291, 400, 445  540 24% -  CH2Cl2 5.97 3.30 2.66 
5 CH2Cl2 279, 329, 354, 380, 439, 463  490, 518 70% -  CH2Cl2 6.03 3.48 2.55 
6 CH2Cl2 302, 398, 422, 447, 470  500, 526 82% -  CH2Cl2 5.96 3.32 2.65 
7 Acetonitrile * 485.2  563 0.95 -  - - - - 

40 
8 Acetonitrile * 486.3  517 0.96 -  - - - - 
9 Toluene ** 476  562 - 2.27  CH2Cl2 −5.06 −2.91 2.15 

49 
10 Toluene ** 474  543 - 2.27  CH2Cl2 −5.01 −2.91 2.10 
11 Chloroform *** 244, 347, 389  499 - -  CH2Cl2 −6.18 −3.50 2.68 

46 
12 Chloroform *** 244, 347, 388  497 - -  CH2Cl2 −5.80 −3.52 2.28 
13 Chloroform *** 252, 350, 429  482 - -  CH2Cl2 −5.77 −3.42 2.35 
14 Chloroform *** 244, 349, 425  504 - -  CH2Cl2 −5.77 −3.46 2.31 
15 Solid films -  541 <0.01 -  Solid 5.68 −2.94 2.74 

52 16 Solid films -  522 0.17 -  Solid 5.67 −2.95 2.72 
17 Solid films -  522 0.06 -  Solid 5.75 −2.94 2.81 
18 Chloroform ** 395  495 0.15 -  - - - - 

39 19 Chloroform ** 416  502 0.22 -  - - - - 
20 Chloroform ** 428  542 0.36 -  - - - - 
21 CH2Cl2 365  441, 533 0.001 -  - - - - 

50 
22 CH2Cl2 362  437, 520 0.004 -  Acetonitrile −6.3 −3.1 3.2 
23 CH2Cl2 363  428, 480 0.016 -  - - - - 
24 CH2Cl2 363  435 0.163 -  - - - - 

No. from the Figure S1. a Estimated either theoretically or using the optical band gap. Ref. are collected in the main publication. 

* concentration = 10−4 M 
** concentration = 10−5 M 

*** concentration = 5 × 10-5 M. 
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1. NMR Spectroscopy 

 
Figure S2. 1HNMRof the investigated compounds (400 MHz, CDCl3). 

 
Figure S3. 13C NMR of the investigated compounds (400 MHz, CDCl3). 
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Figure S4. HMQC and COSY correlation spectra for 1a (400 MHz, CDCl3). 

2. Synthesis of the 1,8-naphthalimides Derivatives 
2.1. Synthesis of the 4,4’-ethyne-1,2-diyldibenzaldehyde 

The procedure for the synthesis of 4-ethynylbenzaldehyde was described in an ear-
lier work [48].Then, the thus obtained terminal alkyne (0.24 g, 1 mmol), 
4-bromobenzaldehyde (0.19 g, 1 mmol), Pd(PPh3)2Cl2 (60 mg), PPh3 (40 mg), CuI (15 mg) 
were placed in a 25 cm3 flask. 15 cm3 of dried triethylamine was added and the flask was 
tightly closed with a septum cap. The reaction was carried out for 15 h at 60 °C in the 
presence of nitrogen. After this time, the triethylamine was evaporated and the product 
was purified by column chromatography using chloroform as an eluent. 

Light yellow solid; Yield = 60%, 1H NMR (δ, 400 MHz, CDCl3, ppm): 10.06 (s, 2H), 
7.92 (d, J = 8.3 Hz, 4H), 7.73 (d, J = 8.2 Hz, 4H), 13C NMR (δ, 101 MHz, CDCl3, ppm): 
191.29, 135.93, 132.33, 129.64, 128.69, 92.11. 

2.2. Synthesis of the bis-(imino-1,8-naphthalimide) Derivatives 
3-Amino-N-hexyl/benzyl/4-methylbenzyl/2-phenethyl-1,8-naphthalimide were ob-

tained by the method reported previously [1]. Synthesized 3-amino-1,8-naphthalimides 
(0.1 mmol) were dissolved in ethanol and stirred with 1 equivalent of appropriate dial-
dehyde: 4,4′-diformyltriphenylamine, 4,4′-biphenyldicarbaldehyde, 
2,5-diformylthiophene, 4,4’-ethyne-1,2-diyldibenzaldehyde. The three drops of TFA to 
the reaction were added. The reactions were carried out at room temperature for 24 h. 
After that time the product was filtered and washed with EtOH. The final product were 
receive after dried in vacuum oven at 50 °C over 5 h. 
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3. The Investigated Compounds under Day Light and 1a under UV-light  

  

(a) (b) 

  

Figure S5. The investigated compounds under (a) 1a; (b) 1a under UV-light; (c) 1c; (d) 1d day light. 

4. Film, Blends and Devices Preparation 
The blends and films were prepared by spin-coating (1000 rpm, 60 s) on the glass 

substrates from a homogeneous chloroform solution (10 mg/mL). Moreover, the blends 
were prepared from the compound (2 or 15 in weight %)/PVK:PBD (50:50 in weight %) 
solutions. Finally, the films and blends were dried for 20 h in a vacuum oven at 55 °C. 

The devices with configuration ITO/PEDOT:PSS/compound/Al and 
ITO/PEDOT:PSS/compound:PVK:PBD/Al with 2 wt.% of compound content in blend 
were prepared. Devices were prepared based on the OSSILA substrates with pixilated 
ITO anodes and properly cleaned before use. The ITO anodes were covered by PE-
DOT:PSS filmwith spin-coating at 5000 rpm for 60 s and annealed for 5 min at 120 °C. 
Active layer was spin-coated on top of the PEDOT:PSS layer from chloroform solution 
(10 mg/dm3) at 1000 rpm for 60 s and annealed for 5 min at 100 °C. The Al electrode was 
vacuum-deposited at a pressure of 5·10−5 Torr. Electroluminescence spectra were meas-
ured with the voltage applied using a precise voltage supply (GwInstek PSP-405¸GW 
Instek, New Tapei, Taiwan) and the sample was fixed to an XYZ stage. Light from the 
OLED device was collected through a 30 mm lens, focused on the entrance slit (50 μm) of 
a monochromator (Shamrock SR-303i, Andor Technology, Belfast, UK) and detected us-
ing a CCD detector (AndoriDus 12305). Typical acquisition times were equal to 10 s. The 
pre-alignment of the setup was done using a 405 nm laser. 

 

5. Characterization Methods 
Nuclear magnetic resonance spectra were recorded on a Bruker AC400 spectrometer 

(Bruker, Berlin, Germany) in CDCl3 as solvent and TMS as the internal standard. Using a 
Thermo Scientific Nicolet iS5 (Thermofisher, London, UK). The elementary analysis was 
measured using Vario EL III apparatus (Elementar, Langenselbold, Germany). Thermal 
instigations were performed using a Du Pont 1090B apparatus (Dupont, Wilmington, DE, 
USA) with a heating/cooling rate of 20 °C·min−1 under nitrogen and using aluminum 
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sample pans in the range of 0–250 °C and a Mettler Toledo TGA STARe (Mettler Toledo, 
Warszawa, Poland) system with a heating rate of 10 °C·min−1 in a constant stream of ni-
trogen (20 mL·min−1) and a temperature range from 50 to 800 °C. The glass transition 
temperature (Tg) was recorded in the second heating scan after first heating scan and 
cooling scan. Absorption spectra were performed using an Evolution 220 UV-Visible 
Spectrophotometer (Thermofisher, London, UK) with 1 cm quartz cell and Jasco V-550 
Spectrophotometer (Jasco, Easton, MD, USA) for films and blends. The Varian Carry 
Eclipse Spectrometer (Santa Clara, US) was used to recorded photoluminescence spectra 
in solutions and the Hitachi F-2500 Spectrometer (Hitachi, Berkshire, UK) for blends and 
films photoluminescence measurements. Quantum yields (ΦPL) measurements were 
performed by using the integrating sphere AvantesAvaSphere-80 (Edinburgh Instru-
ments, Austion, TX, US) and absolute method. The lifetime (τ) of photoluminescence was 
measured with a time-correlated single photon counting (TCSPC). The 
time-resolvedmeasurements were performed using the picosecond pulsed diode laser, 
EPL-340 nm and laser EPL-45 nm, using a 60 W microsecond Xe flash lamp. Pulse period 
for all measurements was equal to 50 ns and PMT (Hamamatsu R928P, Hamamatsu 
Photonics, Iwata, Japan) as a detector. The fluorescence decay analysis was received an 
instrument response function (IRF) using ludox solution and results were presented as 
average values of decay after exponential fitting. Electrochemical measurements (CV and 
DPV) were performed with Eco ChemieAutolab PGSTAT128n (Metrohm Autolab B.V., 
Ulrecht, The Netherlands) potentiostat in a one-compartment cell in CH2Cl2 (Sig-
ma-Aldrich, Saint Louis, MS, USA, for HPLC, 99.8%). A platinumwire (diameter 2.0 mm) 
served as a working electrode. The platinum coil and silver wire were used as auxiliary 
and reference electrode, respectively. As the supporting electrolyte salt the 0.1 mol/dm3 
Bu4NPF6 (Sigma-Aldrich, Saint Louis, MS, USA, 99%) was used. Each experiment was 
performed in an air-conditioned room at 20 ± 1 °C and under argon purging. The meas-
urements were recorded with moderate scan rate equal to 0.1 V/s for CV and 0.01 V/s for 
DPV. All potentials were referenced to the stable Fc/Fc+ couple (and the IP of ferrocene 
couple was calculated to be equal to −5.1 eV) [2]. 

6. DFT Calculations 
Theoretical calculations were performed with the use of the density functional the-

ory (DFT) and were carried out using the Gaussian09 program [3] on B3LYP/6-311g++ 
level [4]. Molecular geometry of the singlet ground state of the compounds was opti-
mized in the gas phase and the frequency calculation for each of the compounds shows 
only positive values which verify that the optimized molecular structure corresponds to 
energy minimum. Solvent effect was taken into account using polarizable continuum 
model (PCM) [5] with dichloromethane and chloroform as solvents. Such calculations 
were carried out for analysis of the frontier molecular orbitals structure, energy levels 
and UV-Vis data. The optimized geometries of the compounds are depicted in Figure S1. 
Density of states diagram were obtained with use of GaussSum program [6]. The TD-DFT 
(time dependent density functional theory) method [7] was employed to calculate the 
electronic absorption spectrum of the compounds in chloroform. Experimental and cal-
culated UV-vis spectra are presented in the Figure S11. 
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7. DSC Thermograms  

(a) 

 
(b) 

 
(c) 

 
Figure S6. DSC thermograms of (a) 2a; (b) 3a and (c) 4b. 
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8. The (A) Reduction and (B) Oxidation Processes of 2a, 3a, 4b 
(a) 

 
(b) 

 

Figure S7. The (a) reduction and (b) oxidation processes of 2a, 3a, 4b (Pt, v= 0.1 V/s, 0.1 mol/dm3 
Bu4NPF6 in CH2Cl2 with 10−3 mol/dm3 of compounds). 
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(e) 

 
(f) 

Figure 8. Optimized geometries of the compounds (a) 1a; (b) 2a; (c) 3a; (d) 1c; (e) 1d; (f) 4b. 

HOMO LUMO 

  

(a)  
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(f)  

Figure 9. Contours of HOMO and LUMO of the compounds (a) 1a; (b) 2a; (c) 3a; (d) 1c; (e) 1d; (f) 4b. 
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Figure S10. Density-of-states diagrams of ground state of the molecules. 
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Figure S11. Experimental and calculated UV-Vis spectra of bis-(imino-1,8-naphthalimide) deriva-
tives. 

Table S2. Calculated dipole moments (in CHCl3) and geometrical parameters of the molecules in 
ground and first singlet excited state. 

N

O

O

R N

N

N

NO O

R

A1 A2

B1 B2

N

O

O

R

N

N

N

O

O

R

A1 A2

B2

B1

 
 ∠ A1–B1 [°] ∠ A2–B2 [°] ∠ B1–R [°] ∠ B2–R [°] 

S0 
1a 46.30 47.25 45.61 89.68 
2a 65.09 73.31 63.07 66.42 
3a 68.85 83.79 68.31 66.99 
1c 44.10 43.60 89.49 89.68 
1d 46.59 34.95 89.26 89.71 
4b 33.14 44.78 2.81 3.21 

S1 
1a 2.39 37.77 44.98 89.46 
2a 58.67 61.89 59.51 66.73 
3a 55.16 68.06 66.15 65.18 
1c 24.81 27.22 89.26 89.71 
1d 19.50 23.99 89.33 89.54 
4b 22.24 24.33 2.81 3.21 
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  Table S3. Composition of the selected MO in ground state of the compounds. 

1a eV N = CH TPA NDI R 2a eV N = CH TPA NDI R 
L + 5 −1.01 0 0 97 2 L + 5 −1.07 0 4 92 4 
L + 4 −1.09 0 96 3 0 L + 4 −1.17 0 65 34 1 
L + 3 −1.91 36 40 24 0 L + 3 −1.76 39 50 11 0 
L + 2 −2.25 32 42 25 0 L + 2 −2.17 36 53 10 0 
L + 1 −2.72 2 2 96 0 L + 1 −2.73 1 1 97 0 

LUMO −2.75 5 5 90 0 LUMO −2.74 2 3 95 0 
HOMO −5.66 9 83 8 0 HOMO −5.76 9 87 5 0 
H − 1 −6.49 17 10 73 0 H − 1 −6.30 26 4 70 0 
H − 2 −6.61 15 10 75 0 H − 2 −6.35 24 8 68 0 
H − 3 −7.07 8 8 84 0 H − 3 −7.03 6 8 75 12 
H − 4 −7.10 13 5 82 1 H − 4 −7.05 2 2 30 66 
H − 5 −7.34 7 88 5 0 H − 5 −7.07 7 3 72 18 

3a eV N = CH TPA NDI R 1c eV N = CH Biphenyl NDI R 
L + 5 −1.06 0 5 91 5 L + 5 −1.17 0 0 98 2 
L + 4 −1.18 0 71 28 1 L + 4 −1.17 0 0 98 2 
L + 3 −1.76 38 55 7 0 L + 3 −1.93 44 27 29 0 
L + 2 −2.18 37 56 8 0 L + 2 −2.55 30 42 27 0 
L + 1 −2.72 1 1 98 0 L + 1 −2.92 2 1 97 0 

LUMO −2.73 2 2 96 0 LUMO −2.97 7 7 86 0 
HOMO −5.80 9 89 2 0 HOMO −6.32 18 41 41 0 
H − 1 −6.29 26 3 71 0 H − 1 −6.57 23 6 71 0 
H − 2 −6.31 25 5 69 0 H − 2 −6.91 16 35 49 0 
H − 3 −6.74 0 0 6 94 H − 3 −7.14 14 2 84 0 
H − 4 −6.75 0 0 5 95 H − 4 −7.18 26 5 68 0 
H − 5 −7.04 7 6 75 13 H − 5 −7.51 2 97 1 0 

1d eV N = CH PhCCPh NDI R 4b eV N = CH Thiophene NDI R 
L + 5 −1.04 0 1 97 2 L + 5 −1.09 0 0 95 4 
L + 4 −1.08 5 17 77 0 L + 4 −1.10 0 0 97 3 
L + 3 −2.07 38 34 27 0 L + 3 −1.62 36 20 44 0 
L + 2 −2.64 9 22 69 0 L + 2 −2.64 15 14 72 0 
L + 1 −2.76 3 2 95 0 L + 1 −2.78 1 1 98 0 

LUMO −2.93 20 39 42 0 LUMO −3.02 29 25 46 0 
HOMO −6.21 13 57 30 0 HOMO −6.27 20 28 52 0 
H − 1 −6.56 16 7 77 0 H − 1 −6.69 13 2 85 0 
H − 2 −6.80 10 26 64 0 H − 2 −6.92 0 0 7 93 
H − 3 −7.14 11 4 84 1 H − 3 −6.93 0 0 65 35 
H − 4 −7.26 14 8 77 1 H − 4 −7.05 7 14 77 2 
H − 5 −7.63 5 8 86 1 H − 5 −7.16 0 0 0 100 

Table S4. The calculated electronic transitions corresponding to excitation resulting most intense 
luminescence in CHCl3 solution. 

 λexp λcalc (f)# Transition Character 

1a 340 341.3 (0.0716) 
H - 2 → L + 1 (52%); H - 1 → LUMO 

(18%) 
πNDI → πNDI* 

2a 340 347.0 (0.1483) 
H - 2 → L + 2 (27%); HOMO → L + 3 

(55%) 
πNDI/-N=CH- → πTPA*; πTPA → π * 

3a 340 346.0 (0.2454) HOMO → L + 3 (89%) πTPA → πNDI/-N=CH-* 

1c 340 330.1 (0.1596) 
H - 2 → LUMO (62%); H - 2 → L + 1 

(10%) 
π → πNDI* 
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1d 340 355.7 (0.4467) H - 2 → LUMO (86%) π → π* 

4b 340 341.0 (0.0979) 
H - 2 → LUMO (43%); H - 4 → LUMO 

(22%); 
H - 3 → LUMO (16%) 

πR → π*; πNDI → π*; πNDI/R → 
π* 

# into account were taken the calculated transitions at the wavelength closest to the experimental 
data with the highest transition coefficient in this energy range. 

  
(a) (b) 

Figure S12. (a) 1a and (b) 1d under day light and under UV-light (λ = 366 nm) in NMP. 

Table S5. PL life-time (τ) measurements data. 

Code Medium τ1 [ns] (Share %) τ2 [ns] (Share %) ∑τ [ns] χ2 

1a Chloroform 
Film 

0.12 (24.52) 
3.63 (84.1) 

16.78 (75.48) 
8.83 (15.9) 

16.9 
12.5 

1.045 
0.930 

2a Chloroform 
Film 

2.61 (23.2) 
4.78 (92.36) 

16.46 (76.8) 
11.38 (7.64) 

19.1 
16.2 

1.017 
1.061 

3a Chloroform 
Film 

2.31 (14.52) 
4.22 (89.92) 

13.81 (85.48) 
11.08 (10.08) 

21.0 
15.3 

1.063 
1.098 

4b Chloroform 
Film 

1.98 (6.3) 
0.46 (69.05) 

19.97 (93.7) 
1.7 (30.95) 

22.0 
2.16 

0.935 
1.019 

1c Chloroform 
Film 

0.36 (36.89) 
2.34 (59.69) 

 

16.34 (63.11) 
8.56 (40.31) 

 

16.7 
10.9 

1.123 
1.056 

1d Chloroform 
Film 

1.37 (46.48) 
1.84 (62.45) 

9.83 (53.52) 
7.12 (37.55) 

11.2 
8.96 

1.012 
1.047 
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(c) 

Figure S13. PL life-time (τ) curves of (a) 2a; (b) 3a and (c) 4b in chloroform solution. 

  

(a) (b) 

  

(c) (d) 

Figure S14. Emission spectra of (a) 2a; (b) 3a; (c) 4b and (d) 1c with PVK:PBD. 
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Figure S15. Emission spectra of 1a and PVK:PBD. 

Table S6. EA, IP, HOMO, LUMO, Eg and Egopt. 

Compound Method 
EA IP HOMO LUMO Eg Egopt 

[eV] [eV] [eV] [eV] [eV] [eV] 

1a 

CV a −3.87 −5.63 - - 1.76 - 
DPV a −3.88 −5.46 - - 1.58 - 
DFT - - −5.66 −2.75 2.91 - 

Solution b - - - - - 2.63 

2a 

CV a −3.37 −5.65 - - 2.28 - 
DPV a −3.33 −5.63 - - 2.30 - 
DFT - - −5.78 −2.74 3.01 - 

Solution b - - - - - 2.62 

3a 

CV a −3.27 −5.66 - - 2.39 - 
DPV a −3.22 −-5.58 - - 2.36 - 
DFT - - −5.80 −2.73 3.08 - 

Solution b - - - - - 2.62 

4b 

CV a −3.35 −5.56 - - 2.21 - 
DPV a −3.43 −5.66 - - 2.23 - 
DFT - - −6.27 −3.02 3.25 - 

Solution b - - - - - 2.71 

1c 

CV a −3.72 −5.51 - - 1.79 - 
DPV a −3.82 −5.48 - - 1.66 - 
DFT - - −6.32 −2.92 3.35 - 

Solution b - - - - - 2.97 

1d 

CV a −3.83 −5.8 - - 1.97 - 
DPV a −3.91 −5.8 - - 1.89 - 
DFT - - −6.21 −2.93 3.28 - 

Solution b - - - - - 2.94 
a Measurements in CH2Cl2. b Measurements ,in CHCl3. 
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Figure S16. Electroluminescence (EL) spectra of the working devices under an applied voltage. 
Above the graphs the device structures are shown. Presented are maxima of EL intensity. 
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