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ABSTRACT 

The molecules 3,8-diphenyl-1,10-phenanthroline (L1), 3,8-di(naphthalen-1-yl)-1,10-phenanthroline (L2), 3,8-di(naphthalen-2-yl)-1,10-phenanthroline (L3), 3,8-

di(anthracen-9-yl)-1,10-phenanthroline (L4), and 3,8-di(pyren-1-yl)-1,10-phenanthroline (L5) were prepared in good yield from the reaction of 3,8-dibromo-1,10-

phenanthroline with the corresponding boronic acid, catalysed by [Pd(PPh₃)₄]. Computational DFT modelling suggests that the aromatic substituent arms are not 

coplanar with the central phenanthroline (phen) core, and that the HOMO-LUMO gap diminishes as the number of fused carbon rings in the arms increases. Cyclic 

voltammograms for the ligands show between one and two oxidation and one to three reduction waves, which are believed to be centred on the arms and the central 

phen fragments, respectively, suggesting some small electronic mixing. The absorption and emission properties depend on the electronic interaction between the 

polyaromatic substituents and the phenanthroline core. Different emissive ππ* excited states for the molecules bearing anthryl and pyrenyl substituents suggest they 

have more charge transfer character, and a consequent sensitivity to the increase of solvent polarity. The photosensitizing capacity of singlet oxygen generation upon 

excitation of L1-L5 in solution is consistent with a significant evolution of the former singlet excited state towards a triplet excited state. 

Keywords: 1,10-phenanthroline, photophysical, voltammetry, 3,8-diaromatic. 

INTRODUCTION 

In the recent years, polypyridine ligands have stood out due to their great 

versatility in different fields of knowledge, especially in coordination chemistry 

applications [1]. This type of ligands have the ability to bind to different metals 

ions, such as rhenium(I), ruthenium(II), iridium(III) or copper(II) to form stable 

complexes with remarkable properties, such as luminescence, for biological 

applications [2], photodynamic therapy for the treatment of cancer [3], 

development of energy capture systems through sensitizers in dye-sensitized 

solar cells [4], applications in electronic molecule through design of OLEDs 

components [5] and metallopharmaceuticals and materials science [6]. In this 

sense, efforts have also been concentrated on the development of complexes with 

polypyridyl ligands for applications in photochemistry, photophysics, 

photocatalysis, electrochemistry, photoelectrochemistry and electron and energy 

transfer [7-10]. 

1,10-phenanthroline (often abbreviated as phen) is a bidentate and chelating 

rigid aromatic molecule widely used as ligand to prepare metal complexes for 

many diverse uses [11, 12]. Derivatization of the phen core opens up new 

possibilities and applications for these new molecules [13], particularly as 

ligands [14-18]. 3,8-diphenyl-1,10-phenanthroline (referred as L1 as shown 

Scheme 1) was first synthesized in the mid-1950s by reacting phenylenediamine 

with ethyl ,-formylphenyl-acetate, followed by reduction with hydrogen [19]. 

Recent reports suggest that it can also be prepared from direct arylation [20]. 

Despite the pronounced effects of phenyl substituents on the photophysical 

properties  of rhenium(I) tricarbonyl [21] and ruthenium(II) complexes [22], 

examples of incorporating polyaromatic moieties onto the phen core are limited 

to compounds such as bis(2-(1,1'-binaphthalen-2-yl)-3,8-diphenyl-1,10-

phenanthroline) [23] and bis(2-(2-pyridyl)phenyl-C,N)-(3,8-bis(9,9-di-n-hexyl-

9H-fluoren-2-yl)-1,10-phenanthroline [24].  

In this manuscript we describe the syntheses of a series of 3,8-diaromatic-1,10-

phenanthroline molecules (L1 – L5 as shown in Scheme 1) with 1 to 4 fused 

carbon rings. These molecules were obtained by coupling 3,8-dibromo-1,10-

phenanthroline with the corresponding boronic acids in the presence of 

[Pd(PPh₃)₄].  The photophysical and voltammetric properties are discussed in 

detail within the context of molecular and electronic structure as determined by 

DFT modelling.   

2. EXPERIMENTAL 

Dichloromethane (DCM), 1,4-Dioxane, Ethanol (EtOH), Methanol (MeOH), 

Acetonitrile (MeCN) of spectroscopic grade, Uvasol® Merck, and chloroform 

(CHCl3) Seccosolv®Merck, were employed as received.  Reactants were also 

used as obtained from the suppliers: 3,8-Dibromo-1,10-phenanthroline (95%), 

Phenylboronic acid (98%), 2-Naphthaleneboronic acid (98%), 1-

Naphthaleneboronic acid (98%), 9-Anthracenylboronic acid (98%), 1-

Pyrenylboronic acid (98%) and 2-Anthraceneboronic acid (98%) were purchased 

from AkSci. Potassium carbonate and tetrakis(triphenylphosphine)palladium(0) 

(99%) was obtained from Sigma-Aldrich 

 

Scheme 1. Diagram for the structure of L1 to L5. 

2.1.- Syntheses 

2.1.1.- 3,8-diphenyl-1,10-phenanthroline (L1): 1.00 g (8.20 mmol) of 

phenylboronic acid, 1.10 g 3,8-Dibromo-1,10-phenanthroline (3.28mmol) and 

0.100 g of tetrakistriphenylphosphinepalladium(0) [Pd(PPh3)4] were mixed in 50 

mL of 1,4-dioxane with stirring and under an argon atmosphere, following what 

depicted in Scheme 2. 3 mL of 2.0 mol/dm3 water solution of potassium 

carbonate were added to the mix, which was then refluxed and stirred for 48 

hours, monitored by means of thin layer chromatography. After cooling and 

solvent removal under reduced pressure, a crude solid product was obtained. This 

crude product was purified by silica column chromatography using 

dichloromethane-triethylamine (0.5%) as the eluent. Following fraction 

collection and solvent evaporation, a colorless powder solid was obtained with a 

58.7 % yield. The compound crystallized from a chloroform solution. Single 

crystal X-ray diffraction shows an orthorhombic cell (a = 11.5331(17)  

Å; b = 7.1243(11) Å; c = 22.501(4) Å, Space group Pnma), although r-factor 
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remains high despite efforts (approximately 20%). The structure shows the 

phenyl arms are twisted by 40.0° with respect to the central phen core, but they 

are disordered over two positions as requested by the mirror plane on the 

symmetry space group (see Figure S15). 

MH+: 333.1397 Da. 1HNMR (400 MHz, CDCl3) δ 9.51 (d, J = 1.6 Hz, 1H), 

8.47 (d, J = 1.9 Hz, 1H), 7.93 (s, 1H), 7.84 – 7.77 (m, 2H), 7.58 (t, J = 7.5 Hz, 

2H), 7.49 (t, J = 7.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 149.51, 145.07, 

137.54, 135.70, 133.34, 129.21, 128.44, 128.35, 127.53, 127.07. IR:  ῡ = 3413, 

1656, 1619, 1426, 1075, 908, 767, 703 cm-1.   

 

Scheme 2. General synthetic route to L1 to L5. 

2.1.2.- 3,8-di(naphthalen-1-yl)-1,10-phenanthroline (L2): A similar 

procedure to those previously described for L1.  72% yield. MH+: 433.1712 Da.  
1HNMR (400 MHz, CDCl3) δ 9.39 (d, J = 2.2 Hz, 1H), 8.43 (d, J = 2.2 Hz, 1H), 

7.99 (dd, J = 11.0, 3.5 Hz, 2H), 7.97 – 7.91 (m, 2H), 7.68 – 7.60 (m, 2H), 7.60 – 

7.47 (m, 2H).  13C NMR (101 MHz, CDCl3) δ 151.78, 145.11, 136.48, 136.04, 

135.79, 133.83, 131.57, 128.79, 128.54, 128.32, 127.91, 127.04, 126.75, 126.19, 

125.45, 125.26. IR ῡ: 3034, 1423, 1367, 916, 803, 780, 728 cm-1. 

2.1.3.- 3,8-di(naphthalen-2-yl)-1,10-phenanthroline (L3): A similar 

procedure to those previously described for L1. 85 % yield. MH+: 433.1706 Da.  
1H NMR (300 MHz, CDCl3) δ 9.61 (d, J = 2.2 Hz, 1H), 8.58 (d, J = 2.3 Hz, 1H), 

8.29 (s, 1H), 8.05 (dd, J = 11.9, 8.9 Hz, 2H), 7.96 (d, J = 10.4 Hz, 3H), 7.67 – 

7.53 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 149.78, 145.13, 135.76, 134.87, 

133.72, 133.68, 133.04, 129.14, 128.64, 128.41, 127.81, 127.26, 126.78, 126.73, 

126.69, 125.29. IR ῡ: 3034, 1630, 1588, 1424, 1361, 1279, 1127, 860, 813, 755 

cm-1. 

2.1.4.- 3,8-di(anthracen-9-yl)-1,10-phenanthroline (L4): A similar 

procedure to those previously described for L1. 68 % yield. MH+: 533.2001 Da.  
1HNMR: (400 MHz, CDCl3) δ 9.35 (d, J = 1.9 Hz, 1H), 8.65 (s, 1H), 8.47 (d, J 

= 1.8 Hz, 1H), 8.14 (d, J = 8.5 Hz, 2H), 8.01 (s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 

7.60 – 7.50 (m, 2H), 7.50 – 7.33 (m, 2H).   IR ῡ = 3024, 1746, 1403, 1357, 1220, 

883, 785, 728, 632 cm-1. 

2.1.5.- 3,8-di(pyren-1-yl)-1,10-phenanthroline (L5): A similar procedure to 

those previously described for L1. 89 % yield. MH+: 581. 2004 Da.  1HNMR: 

(400 MHz, CDCl3) δ 9.57 (d, J = 2.1 Hz, 1H), 8.60 (d, J = 2.1 Hz, 1H), 8.36 (d, 

J = 7.8 Hz, 1H), 8.29 – 8.22 (m, 3H), 8.20 – 8.16 (m, 3H), 8.14 (d, J = 9.3 Hz, 

1H), 8.09 (d, J = 7.6 Hz, 1H), 8.05 (d, J = 4.3 Hz, 1H). IR ῡ =3034, 1599, 1486, 

1424, 1187, 919, 844, 718, 679 cm-1. 

2.2.- Spectroscopic and Photophysical Measurements: Measurements were 

conducted as follows: Infrared spectra (in the range 4000-400 cm⁻¹) were 

obtained using a Jasco FTIR-4600 spectrophotometer equipped with an ATR 

PRO ONE. 1H-NMR spectra were recorded on a Bruker Avance 400 

MHz spectrometer at 298 K, using CDCl₃ as the solvent.  Mass spectra were 

recorder in a high-resolution mass spectrometer (HRMS), Bruker compact TOF, 

by direct injection and using positive ionization. UV-Vis spectra were captured 

on an Agilent 8453 Diode-Array spectrophotometer in the range of 250-700 

nm using aerated solvent solutions at room temperature. Emission spectra were 

measured using a Horiba Jobin-Yvon FluoroMax-4 spectrofluorometer in 

different solvents at room temperature or in ethanol-methanol glass (4:1, v/v) 

at 77 K. Luminescence lifetime measurements were performed using the time-

correlated single photon counting technique with a PicoQuant 

FluoTime300 fluorescence lifetime spectrometer. A sub-nanosecond pulsed 

laser at 405 nm served as the light source (FWHM ~ 500 ps, average power 2 

mW). Time-resolved experiments were conducted in solution under either air-

equilibrated or argon-saturated conditions (solutions were degassed by bubbling 

argon gas through them for 30 minutes). Emission quantum yields (Fem) were 

determined using procedures described in the literature, 

employing [Ru(bpy)₃](PF6)2 in acetonitrile solution as the actinometer [25, 26]. 

Briefly, the optical densities of the sample (ODS) and actinometer (ODACT) 

solutions were set below 0.10 and matched at the excitation wavelength. The 

emission quantum yield of each compound was calculated by using Eq. 1[27]: 

Φ𝑆 = Φ𝐴𝐶𝑇𝑥 (
𝐼𝑆
𝐼𝐴𝐶𝑇

)𝑥 (
𝑂𝐷𝐴𝐶𝑇
𝑂𝐷𝑆

) 𝑥 (
𝜂𝑆
𝜂𝐴𝐶𝑇

)
2

 Eq.1 

where FACT is the known quantum yield of the actinometer, IS and IACT are the 

integrated area of the emission spectrum of the sample and actinometer, and hS 

and hACT are the refractive index of sample and actinometer solvent solutions. 

 Singlet oxygen (O₂(¹Δg)) emission measurements were carried out using 

the FluoTime300. For detection at 1270 nm, a near-infrared 

PMT H10330A (Hamamatsu) was employed. The O₂(¹Δg) quantum yields (FΔ) 

were determined by comparing the intensity at zero time of the 1270 nm signals 

generated by the compounds upon irradiation to those of optically matched 

solutions of phenalenone as reference [28]. Experiments were repeated at least 

three times to obtain average values with error less than 10%.   

2.3 Cyclic Voltammetry. For the electrochemical experiments, the solution 

contained 2.0 × 10-3 mol dm-3 of each molecule with 1.0 × 10-1 mol dm-3 of 

tetrabutylammonium hexafluorophosphate (TBAPF6) as the supporting 

electrolyte in dimethylformamide (DMF). Prior to each experiment, the solution 

was purged with high-purity argon, and an argon atmosphere was maintained 

over the solution throughout to experience. Additionally, before each 

measurement the open circuit potential (resting potential) was measured. A 

fluorine-doped tin oxide (FTO) substrate served as working electrode, while a 

platinum electrode acted as auxiliary electrode. All potentials quoted in this text 

refer to an Ag|AgCl electrode at room temperature. The electrochemical 

experiments were conducted at room temperature using a CHI600E 

bipotentiostat interfaced with a PC running the CHI software which facilitated 

experimental control and data acquisition. 

2.4.- Computational Details: Geometry optimizations were performed at the 

B3LYP/6-31+G(d,p) level of theory using the Gaussian16 package of programs 

(G16) [29].  Crystallographic coordinates served as input for these optimizations 

when available. Excited state calculations were performed within the time-

dependent density functional theory (TD-DFT) methodology, as implemented in 

G16. When solvent effects were considered, they were incorporated using the 

polarizable continuum model (PCM) using the integral equation formalism 

variant (IEFPCM) [30, 31]. Absorption and emission spectra were simulated 

based on the above calculations using the GaussSum 3.0 suite of freely available 

processing tools. A full width at half-maximum (FWHM) of the Gaussian curves 

corresponding to 2500 cm-1 was employed to convolute both spectra. 

Representations for Kohn-Sham orbitals were generated using the Gaussian 

cubegen tool and have been visualized using VMD and Povray 3.6 programs [32, 

33]. 

3. RESULTS AND DISCUSSION 

3.1.- Molecular Structure: Figure 1 illustrates the molecular structure of L1-

L5 as computed by DFT. For 3,8-diphenyl-1,10-phenanthroline (L1), the phenyl 

ring is twisted by 39.3°/39.3 ° with respect to the central phen core. These values 

closely align with the 40.0° measured by diffraction and previously reported 

values for 3,8-bis(4-methylphenyl)-1,10-phenanthroline, 25.7°/32.3° [34] and 

the coordinated ligand in (3,8-diphenyl-1,10-phenanthroline)-tris[1,1,1-

trifluoro-4-(hy-droxy)-4-(thiophen-2-yl)but-3-en-2-onato]-europium(III) 

(33.5°/6.7°) [35]. The computed dihedral angles for L2, L3, L4 and L5 are 

57.3°/58.5°, 37.8°/39.0°, 82.3°/82.3° and 55.5°/57.1° respectively. The results 

suggest that the twisting of both arms is unsymmetrical, and the more the number 

of carbon rings in the aromatic arms, the higher the twisting angle. Additionally, 

the differences between L2 and L3 suggest that a or b connections of the naphthyl 

ring also play a role. Notably, anthryl substitution over pyrenyl leads to the 

highest dihedral angles, resembling the behavior observed for β-naphthyl. 

Interestingly, steric hindrance with phenanthroline hydrogen atoms prevents free 

rotation of the phenyl rings around the carbon-carbon bond.  

3.2.- Electronic Structure. Figure 2 displays the frontier and near frontier 

Kohn-Sham levels for of L1-L5 as computed by DFT for the optimized geometry.  

The results confirm that the HOMO-LUMO energy gap diminishes as the 

number of carbon rings in the arms increases. However, the connection mode of 

the arm also plays a role, as evidenced by the lower gap for the -naphthyl (3.93 

eV) isomer compared to the -naphthyl (4.07 eV). Across the complete series of 

molecules, the HOMO and LUMO correspond to  and * orbitals.  
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Figure 1. Molecular structure of L1-L5 as computed by DFT. 

 

 
 
Figure 2. Frontier and near frontier Kohn-Sham levels for of L1-L5 as computed by DFT.
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Notably, for L1-L3, they involved the entire molecule, including the central 

phen core and the aryl arms. In contrast, for L5, the HOMO and LUMO are placed 

mostly on the aromatic arms, while for L4 they are placed almost exclusively on 

them. This structural variation significantly impacts the spectroscopic and 

electrochemical properties, as we will explore further in the corresponding 

sections. 

3.3.- Electrochemical behavior: To characterize their electrochemical 

properties, voltammetric profiles at room temperature were measured for L1-L5.  

The cyclic voltammograms (CVs) of L1-L5 are shown in Figure 3. Ligands L1, 

L4 and L5 exhibit two low intensity irreversible oxidation processes at potentials 

higher than 0.8 V. In contrast, in the reduction region, reversible processes occur, 

with half-wave potentials higher than -1.7 V, and irreversible processes at –1.07 

V, -1.24 V and –1.28 V for L1, L4 and L5, respectively, attributed to reductions 

centered on the 1,10-phenanthroline core. The measured values for 1,10-

phenanthroline in our system are -1.00 V; -1.25; -1.30 V, suggesting limited 

electronic mixing with the aromatic arms. Similar behavior has been noted in 

aromatic substituents of 1,10-phenanthroline which involve irreversible 

processes of the ligands and electrochemical decomposition products[36-38]. 

These electrochemical responses suggest that these chelating ligands could act 

as π-electron donors in organic metal complexes [39, 40]. For L2 and L3, only 

non-reversible reduction processes are evident. An irreversible low intensity 

reduction process occurs at –1.14 V and –2.12 V for L2 and L3, respectively, and 

low intensity non-reversible oxidation for L2.  

3.4.- Photophysical behavior:  

The UV-Vis spectra of L1-L5 in MeCN at room temperature are shown in 

Figure 4. The high-energy absorption bands at around 275 nm can be attributed 

to a pp* transitions involving the central phen core.  

 

 

 

Figure 3. CVs of the ligand L1-L5. Interface: FTO| 2 x 10−3 mol L−1 of respective ligand + 10−1 mol L−1 of TBAPF6 in DMF under an argon atmosphere. Scan rate: 
100 mV s−1.  
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Figure 4. UV−Vis absorption spectra of L1-L5 in acetonitrile (MeCN) solution 

at room temperature. 

In contrast, the low-energy absorption bands are assigned to a pp* transition 

with contributions of the entire molecule for L1-L3, consistent with the computed 

DFT results. The bathochromic shift of the low-energy absorption bands in L4 

and L5 can be explained by pp* transitions centered on the anthryl and pyrenyl 

substituents. Similar behavior has been previously reported by Machura et al [41] 

for aryl-substituted terpyridines, where a higher contribution in the transitions 

was found for the more voluminous polyaromatic substituents.  

Table 1 show a summary of the main photophysical data measured for L1-L5. 

As the date show, the absorption maxima and molar extinction coefficients do 

not show any significant solvatochromic effect for each molecule. 

Figure 5 displays the emission spectra of L1-L5 in acetonitrile at room 

temperature upon excitation at their low-energy maxima absorption bands. 

Notably, the emission is centered between 380 nm to 400 nm for L1-L3. However, 

for L4 and L5, the maxima are significatively red-shifted to 450 nm and 460 nm, 

respectively. 

 

Figure 5. Emission spectra of L1-L5 in acetonitrile (MeCN) solution at room 

temperature. lexc = 340 nm or 350 nm. 

Furthermore, in contrast to L1-L3, the emission maxima for L4 and L5 are 

sensitive to the solvent polarity as clear from Table 2.  An increase in polarity 

results in a bathochromic displacement of the emission. This behavior can be 

attributed to excited states with higher charge transfer character for L4 and L5, 

compared to L1-L3. 

Table 1. Summary of the main photophysical properties of L1-L5 in MeCN or DCM at 298 K and in EtOH:MeOH (4:1) at 77 K.a  

Compound Solvent abs / nm ( / 104 M-1 cm-1) em / nm em,air em,Ar em,air / nsc,d (%) em,77K / nsc,d (%) 
d 

L1 
DCM 

MeCN 
EtOH:MeOH 

273 (3.40), 320 (2.40) 
270 (3.50), 320 (2.30) 

- 

407 
384 
385 

0.12 
0.05 

- 

0.15 
0.07 

- 

1.20 (43), 3.70 (57) 
1.69 (82), 3.78 (18) 
1.58 (43), 4.06 (57) 

- 
- 

1.70 (92), 8.35 (8) 

0.30 
- 
- 

L2 
DCM 

MeCN 
EtOH:MeOH 

282 (3.10), 330 (2.20) 
282 (2.45), 324 (1.70) 

- 

392 
401 
410 

0.17 
0.23 

- 

0.20 
0.24 

- 

1.36 (98), 3.90 (2) 
1.30 (29), 5.45 (71) 
1.47 (62), 1.59 (38) 

- 
- 

1.38 (94), 2.66 (6) 

0.27 
0.47 

- 

L3 
DCM 

MeCN 
EtOH:MeOH 

270 (7.10), 330 (4.25) 
270 (6.40), 330 (3.90) 

- 

396 
393 
405 

0.35 
0.36 

- 

0.40 
0.41 

- 

1.41 (68), 2.16 (32) 
1.65 (60), 2.24 (40) 
1.84 (99), 12.8 (1) 

- 
- 

1.51 (89), 4.40 (11) 

0.18 
0.45 

- 

L4 
DCM 

MeCN 
EtOH:MeOH 

256 (18.4), 389 (2.14) 
253 (18.7), 387 (2.19) 

- 

430 
450 
470 

0.21 
0.17 

- 

0.23 
0.19 

- 

1.86 
1.93 
1.13 

- 
- 

2.35 

0.27 
0.46 

- 

L5 
DCM 

MeCN 
EtOH:MeOH 

282 (6.76), 360 (4.40) 
280 (6.57), 360 (4.37) 

- 

445 
460 
475 

0.32 
0.50 

- 

0.39 
0.52 

- 

1.65 
2.08 
1.75 

- 
- 

1.51 

0.12 
0.12 

- 

a Errors were lower than 10%. b ex = 340 nm. c χ2 parameters were between 0.998 and 1.066. d ex = 355 nm.  

The emission quantum yield values (Fem) exhibit in Table 1 are ranged between 

0.17 to 0.52 for L2-L5, while L1 has the lowest values. This parameter was 

slightly sensible to the oxygen presence in the media, consistent with excited 

states with singlet character. 

Time-resolved emission experiments allow to get fluorescence lifetimes for 

L1-L5 in MeCN and DCM at room temperature (Figure S16), and in 

EtOH:MeOH (4:1) glass matrix at 77 K. 

The emission decays for L1-L3 exhibit good fits to biexponential decays with 

two lifetimes in the order of the nanoseconds, whereas monoexponential 

emission decays are obtained for L4 and L5. A plausible explanation for these 

differing behaviours is that while HOMO and LUMO orbitals for L1-L3 

encompass the entire molecules, resulting in significant contributions from π-π* 

transitions, a partial charge transfer transition is also possible. In contrast, for L4-

L5, a singlet excited state with charge transfer character appears to be the sole 

deactivation pathway. Interestingly, a similar behavior is observed at low 

temperatures (77 K). 

The emission spectra observed at 77 K in Figure 6 exhibit similar features for 

L2-L3, characterized by structuration and maximum at 390 nm, along with a 

shoulder at 410 nm. In contrast, L4-L5 display maxima around 412 nm, 

accompanied by shoulders at 430 nm and 465 nm. 
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Figure 6. Emission spectra of L1-L5 in EtOH:MeOH (4:1) glass matrix at 77 

K. lexc = 355 nm. 

The emission spectrum of L1 exhibits maxima at 410 nm and 510 nm, which 

can be explained in terms of the formation π-stacked exciplex species in 

constrained media. Interestingly, this phenomenon occurs even at the low 

concentrations essayed and is completely absent for the other members of the 

series, suggesting blocking by their larger arms. 

The complete series of compounds L1-L5 can sensitize molecular oxygen in 

solution upon excitation at 355 nm, with relatively high singlet oxygen 

generation quantum yields (FD), as shown in Table 1. This behavior is consistent 

with a significant evolution of the former singlet excited state produced upon 

excitation of L1-L5 towards a triplet excited state. The possibility of a locally 

excited state exclusively centered on the polyaromatic arms can be ruled out due 

to the higher reported values of FD for naphthalene, anthracene and pyrene.[42] 

CONCLUSIONS 

A series of 3,8-disubstituted 1,10-phenanthroline molecules with variable 

polyaromatic arms—namely, 3,8-diphenyl-1,10-phenanthroline (L1),  3,8-

di(naphthalen-1-yl)-1,10-phenanthroline (L2), 3,8-di(naphthalen-2-yl)-1,10-

phenanthroline (L3), 3,8-di(anthracen-9-yl)-1,10-phenanthroline (L4) and 3,8-

di(pyren-1-yl)-1,10-phenanthroline (L5) — can be efficiently prepared with good 

yields by coupling 3,8-dibromo-1,10-phenanthroline with a boronic acid 

catalyzed by [Pd(PPh3)4]. The results reveal that the electronic structure and the 

HOMO-LUMO gap primarily depend on the number, size and connection mode 

of the fused aromatic rings bonded to the phenanthroline central core, as reflected 

by their redox and photophysical properties. The absorption and emission 

properties are influenced by the degree of electronic interaction between the 

polyaromatic substituents and the phenanthroline core. Additionally, this 

interaction leads to different emissive ππ* excited states for the molecules 

bearing the most voluminous anthryl and pyrenyl substituents, conferring them 

a more charge transfer character, and greater sensitivity to solvent polarity. The 

photosensitizing capacity of singlet oxygen generation upon excitation of L1-L5 

in solution is consistent with a significant evolution of the former singlet excited 

state towards a triplet excited state. The combination of these rich properties 

makes these molecules a valuable set for the preparation of metal complexes with 

predictable properties. 

SUPPORTING INFORMATION  

NMR, IR, HRMS and additional spectroscopic data tables and images. 
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