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Abstract 

The structure-properties relationship in a series of carbonyl rhenium(I) complexes based 

on substituted terpyridine ligands of general formula [Re(κxN-Rtpy)(CO)yL]n+ is explored 

by both experimental and theoretical methods. In these compounds, the terpyridine 

ligands adopt both bidentate (κ2N) and terdentate (κ3N) coordination modes associated 

with three or two carbonyls, respectively. Conversion from the κ2N to the κ3N 

coordination mode leads to large changes in the absorption spectra and oxidation 

potentials due to destabilization of the HOMO level of each complex. The κ3N 

complexes’ absorption profiles cover the whole visible spectra with lower maxima 

around 700 nm, tailing out to 800 nm, while no emission is observed with Br⁻ as axial 

ligand L. When the axial ligand is modified from the native halide to pyridine or 

triphenylphosphine, the lowest absorption band is blueshifted by 60 and 90 nm, 

respectively. These cationic complexes are near-infrared emitters with emission maxima 

between 840-950 nm for the pyridine compounds and 780-800 nm for the 

triphenylphosphine ones. 

 Introduction 

The chemistry of rhenium(I) complexes has sparked a tremendous amount of research 

efforts over the past decades. Their photophysical and electrochemical properties have 

been thoroughly studied1-5 and applied in a multitude of fields such as solar energy 

harvesting devices6 and solar-to-chemical energy conversion,7-11 light emitting devices12, 

13 as well as photodynamic therapy and cellular imaging.14, 15 While the breadth of their 

application is large, most of the studies regarding these complexes follow the seminal 

work from J.M. Lehn,10 T.J. Meyer11 and coworkers who showed in the 1980’s that 



[Re(CO)3(bpy)X] complexes (where bpy is 2,2’-bipyridine and X is a halide) are able to 

catalyze the selective reduction of carbon dioxide into carbon monoxide either photo- or 

electrochemically. Their photophysical properties were also applied to photocatalytic 

hydrogen evolution, using the Re(I) complex as photosensitizer with a cobalt catalyst.9, 16 

Efforts focused on tuning the photophysical properties of the complexes lead to several 

structural variations, either by modification of the diimine core17-20 or by introduction of 

other ligands such as phosphine,21-27 N-heterocyclic carbene,28 alcyne29, 30 or 

isocyanide.31, 32 These complexes were also used as building blocks in supramolecular 

assemblies33-36 and extended periodic structures.37, 38 

 

We recently focused on tridentate ligand-based complexes as they offer a suitable 

geometry for predictable assembly depending on the facial or meridional arrangement of 

the ligands. Others investigated related complexes at the same time, leading to the report 

of several complexes with tridentate N,N,N ligand in a meridional39-42 or facial 

geometry43, 44 (Fig. 1). Interestingly, the meridionally coordinated κ3N terpyridine and 

N,N,N pincer based complexes45 proved to have extended absorption in the visible 

compared to their κ2N equivalent, or 

the facial isomers, which usually 

exhibit absorption limited to the high 

energy visible, with some exception 

involving excited state mixing with 

other absorbing units.46 In a recent 

report, Dempsey and coworkers, 

working with a Re bipyridine 

complex, successfully pushed its 

absorption to the low energy visible 

region, matching the κ3N terpyridine 

values, by modifying the nature of 

the ligands completing the 

coordination sphere.47 

 

Figure 1 Selected rhenium complexes with either 

similar N,N,N coordination or related properties. 



However, to our knowledge, our report of the κ3N terpyridine based complex 

[Re(CO)2(py)(κ3N-4pytpy)]+ and the corresponding metallasquare (with py standing for 

pyridine and 4pytpy for 4’(4-pyridyl)-2,2’:6’,2’’-terpyridine) is the only case where this 

type of complex was shown to possess a near-infrared emission band at room 

temperature, with an emission maximum around 950 nm.36 The study of the κ2N and κ3N 

terpyridine complexes has been the object of successive corrections in the literature 

following technological improvements of spectrophotometers. As an example, in their 

initial report, Lehn and coworkers observed only emission in cryogenic condition for the 

κ2N complex, which are now found to be applicable in luminescent devices.12, 17 We thus 

decided to investigate the effect of varying substituent and ancillary ligand on the 

emission of κ3N terpyridine rhenium complexes in order to gain a better understanding of 

the parameters influencing their electronic properties. 

Results and discussion 

Synthesis 

 

Figure 2 A) Selected substituted terpyridines; B) Synthetic pathways for the complexes.  

i) toluene, reflux, 4 h; ii) under N2, 270 °C, 6 h; iii) for 3a-e: pyridine, AgOTf (1.25 eq.), reflux 

5 h, KPF6(aq), for 4a-b: THF, PPh3, AgOTf (1.25 eq.), reflux 5 h, KPF6(aq)  



We chose the terpyridine ligands presented in Fig. 2A to study the effect of the 

substituent on the photophysical properties of the targeted complexes. The detailed 

synthesis for each compound can be found in the supporting information. The κ2N tpy 

coordinated complexes 1a-e were prepared following classical Re tricarbonyl diimine 

preparation procedures from Re(CO)5Br (Fig. 2B) in excellent yield (88-95%). The loss 

of a third CO is known to require harsher conditions such as UV irradiation,48 oxido-

decarbonylation47, 49 or pyrolysis.39 The tricarbonyl complexes obtained were converted 

into the dicarbonyl κ3N form 2a-e using the latter. The targeted quantity of the suitable 

complex 1a-e was placed in an oven dried vial which was then sealed in a glovebox to 

maintain an inert atmosphere throughout the reaction. This vial was then placed in a sand 

bath heated to 270°C. The solids changed color as the reaction proceeded, from 

orange/yellow to dark brown/black. This procedure yielded the corresponding complexes 

2a-e in good to excellent yield (74-90%), but manipulation of these solids is made 

difficult by static electricity. Also, these solids are hygroscopic as shown by NMR and 

CHN analysis in which water was still observed even after careful drying. Finally, 

following the procedures reported by Hightower and coworkers,40 we prepared 

complexes 3a-e and 4a-b by bromide abstraction with silver triflate, followed by 

replacement either by pyridine or triphenylphosphine. These cationic complexes were 

isolated in medium to good yield (50-71%) as their PF6⁻ salts and purified on alumina to 

remove any unreacted materials or silver salt. The lower yield comes from losses in the 

precipitation step in water. Interestingly, the neutral complexes 1a-e and 2a-e have lower 

solubility in common solvents than the cationic complexes 3a-e and 4a-b. 

Structural characterization 

To confirm the identity and purity of all the complexes, we used a combination of 1H and 

13C NMR spectroscopy, infrared (IR) spectroscopy, mass spectrometry (MS) and 

elemental analysis (CHN). All compounds were observed by MS as mono-cationic 

species presenting the typical pattern of rhenium compounds caused by its two natural 

isotopes 185Re and 187Re (with 37/63 % abundancy). The NMR spectra of complexes 1a-e 

(Fig. S1-S5) confirm the lower symmetry expected for the κ2N coordination of the ligand, 

which leads to no equivalent center except for the ortho and meta positions of the 4’aryl 

substituent in Lc-e. In some cases, we observed splitting of signals that we ascribed to the 



fluxionality of such complexes. Indeed, the rhenium center can move between the two 

bidentate coordination sites via different mechanisms well documented by Orrell et al. 

and others using variable temperature NMR studies.39, 50-53 The facial geometry was 

confirmed by solid state IR spectroscopy where the characteristic bands for the CO 

vibrations were observed, the experimental and theoretical values obtained by DFT being 

listed in Table S1. No clear effect of the donor / acceptor substituent can be seen for these 

data, with similar values for all compounds of the same family. The κ3N coordinated 

complexes 2a-e obtained by pyrolysis present symmetrical NMR spectra, typical for 

meridional terpyridine based complexes (Fig. S6-S10). The mer-tpy, cis-CO 

conformation was confirmed by IR spectroscopy with the expected two bands for the CO 

vibrations. These bands are shifted to lower wavenumber compared to the κ2N complexes 

1a-e, from an average of 2020, 1910 and 1880 cm-1 to 1880 and 1800 cm-1, respectively 

(Table S1). This shift is due to the back-donation from the d6 metal center being now 

only shared between the two remaining carbonyl ligands. This shift is also indicative of a 

somewhat more electron rich metal center, which would be easier to oxidize. The NMR 

spectra of 3a-e (Fig. S11-S15) and 4a-b (Fig. S16-S17) are like those of 2a-e, with 

additional peaks from the pyridine or phosphine ligand, respectively. Replacing the 

bromide by a pyridine has moderate effect on the CO vibrations bands that are shifted to 

slightly higher wavenumbers (Δν ≈ 20 cm-1), a more significant shift being observed in 

the case of 4a-b with a triphenylphosphine ligand (Δν ≈ 40 cm-1) (Table S1). These 

variations were predicted by DFT calculations (vide infra) and indicate a trend in ease of 

oxidation, i.e. 2a-e should be easier to oxidize than 3a-e, followed by 4a-b and finally 

1a-e. A similar trend was presented recently by Dempsey and coworkers on a series of 

Re-bipyridine compounds.47 

Computational studies 

In parallel to the synthesis of the targeted compounds, we performed DFT calculations to 

model them, using Gaussian16 rev. A03, and support our interpretation of the 

spectroscopic measurements. We used the hybrid PBE0 method with the LanL2DZ basis 

set for all atoms. All calculations were performed without symmetry constraints and the 

effect of the solvent (acetonitrile) was included via a conductor-like polarizable 

continuum (CPCM). Frequency calculations after optimization were performed to 



confirm that local minima had been reached and obtain theoretical vibrational values (see 

Table S1). The energy diagram presented in Fig. 3 allows for a simple observation of the 

trend predicted for the successive modifications leading to complexes 1, 2, 3 or 4. The 

energy values for orbitals from LUMO+2 to HOMO-2 with their Mulliken population 

analysis are reported in Tables S2-S18. 

 

The conversion of 1a-e into 2a-e, i.e. from κ2N to κ3N coordination mode, causes a 

significant increase in energy for the higher occupied levels, i.e. by almost 1eV. This 

change is expected as the replacement of a strongly π-accepting CO ligand by the weak 

π-accepting pyridine of the terpyridine ligand should lead to destabilization of the metal 

centered π orbitals. In addition to the contribution from the bonding π-backdonation 

between rhenium and carbonyls in 1a-e, the HOMO and HOMO-1 levels also have an 

antibonding π* character linked to the donation from the bromide (Fig. 4). This 

antibonding interaction has a lower contribution in the κ3N complexes 2a-e. This can be 

explained by the destabilization of the metal centered π orbital which reduces the mixing 

Figure 3 Partial energy diagram centered on frontier orbitals for all complexes modeled 

in an acetonitrile continuum by DFT (PBE0/LanL2DZ). 



between the bonding π overlap 

corresponding to the retrodonation to the 

carbonyl and the antibonding π overlap 

associated with the donation from the 

bromide.  

Considering the LUMO of 1a-e and 2a-e, 

almost no energy variation is observed, 

while the LUMO+1 are stabilized by 250 

to 480 meV and the LUMO+2 

destabilized to a lesser extent. These 

changes result from the increased 

conjugation of the terpyridine once in its meridional coordination mode. The LUMO of 

complexes 1a-e is delocalized over the coordinated bipyridine-like moiety and the 

increase in conjugation does not really affect its energy while the LUMO+1 and 

LUMO+2 involve individual pyridine rings and the extended conjugation modifies their 

related energies. Going from the neutral 2a-e to the cationic complexes 3a-e and 4a-b 

leads to an overall stabilization by several hundred meV, with a stronger impact on the 

occupied levels from the σ-donating triphenylphosphine in 4a-b compared to the pyridine 

in 3a-e. 

The different substituents introduced on the terpyridine ligand appear, however, to have a 

minor effect on the energy level as observed in Fig. 3. The largest effect comes from 

trimethyl substituted ligand Lb, a stronger donor, resulting in a general destabilization of 

all orbitals for the corresponding complexes. In the case of the phenyl (Lc) or biphenyl 

(Ld) substituent on the 4’ position, they caused only a slight stabilization of the LUMO 

compared to the parent compound. Interestingly, however, Ld based complexes exhibit 

significant contribution of the biphenyl in the HOMO-2 level of all complex and the 

HOMO in 1d. The 4-pyridyl in Le leads to a lower LUMO in its related complexes, as 

expected from an electron accepting substituent. Lc, Ld and Le exhibit contributions of 

the aromatic ring in the 4’ position to the LUMO+2, reducing the impact of the κ2N to 

κ3N conversion on its energy compared to the LUMO+1 as mentioned above. 

 

Figure 4 Selected molecular orbitals 

(isovalue 0.05 e/Å3) for complexes -1c and 

-2c (top to bottom: HOMO to HOMO-3) 



Furthermore, as we were expecting large differences in the photophysical properties 

between κ2N and κ3N complexes, based on previous reports,36, 44 we conducted time 

dependent DFT (TD-DFT) calculations to provide information regarding the positions 

and nature of the electronic transitions. The natural transition orbitals54 for the lowest 

allowed singlet-to-singlet transition and the lowest forbidden singlet-to-triplet transition 

of each complex are reported in Figure S18-S34 while the calculated transitions are 

represented in Fig. S35-S51 along with the experimental spectra (vide infra). In all cases, 

the lowest energy transitions are mainly corresponding to the HOMO-LUMO transition 

and can be describe as a combination of a metal-to-ligand charge transfer (MLCT, i.e. 

Re(d)→L(π*)) with various ligand-to-ligand charge transfer (LLCT) transitions involving 

either the Br⁻ or the CO. In the triplet transitions of the κ2N complexes 1a-e, especially in 

1c, the model indicates contribution of a ligand centred transition (LC, i.e. π→π*). In 

these κ2N compounds, there is also a non-negligible contribution of the Br⁻(n)→L(π*) 

LLCT transition, leading a complex mix of transitions, as modeled by others in the 

literature4, 55 and experimental proved using X-ray absorption spectroscopy.56 The 

contribution of the LC and LLCT transitions are reduced after conversion to the κ3N 

coordination, following the change in orbital contributions discussed above. There is, 

however, an increased contribution from the orbital corresponding to the backdonation 

from the Re(I) to the carbonyls, the transitions are thus better described as a metal-ligand-

to-ligand charge transfers (MLLCT, {Re(CO)2}→L(π*)). Following the removal of the 

Br⁻ in 3a-e and 4a-b, the MLLCT becomes the only contributing transition, according to 

the theoretical model. 

The TD-DFT predicted emission values give unreasonable values for rhenium or iridium 

complexes and more precise values can be obtained by calculating the energy of the 

optimized geometry of the first triplet, as well as the energy of the singlet state in the 

same geometry, as described by Zysman-Colman57 and coworkers, giving the values in 

Table 1. 

 



Table 1 Calculated wavelengths for the S0→T1 transition corresponding to the expected 

emission wavelengths. 

Complex 1a 1b 1c 1d 1e 2a 2b 2c 2d 

λTD-DFT / nm 444.0 434.0 457.6 479.2 460.6 691.1 663.8 696.4 698.0 

λ0,0 / nm 476.5 466.0 493.7 502.0 510.1 808.0 778.8 819.5 822.7 

λae / nm 580.8 553.3 615.6 617.9 649.2 959.1 931.7 972.1 976.0 

Complex 2e 3a 3b 3c 3d 3e 4a 4b 

 λTD-DFT / nm 722.6 670.2 639.3 671.4 672.6 693.9 610.1 582.4 

λ0,0 / nm 865.9 779.8 754.2 786.4 788.3 826.4 699.1 684.9 

λae / nm 1042.0 924.3 900.1 929.5 932.6 989.9 854.8 822.3 

λTD-DFT = wavelength of S0→T1 transition obtained by TDDFT at the S0 optimized geometry 

λ0,0 = 1240/[E(T1) – E(S0)] at their respective optimized geometries obtained by DFT 

λae = 1240/[E(T1) – E(S0)] at the T1 optimized geometry (adiabatic electronic emission) obtained by DFT 

 

DFT/TD-DFT modelization allowed us to extract trends throughout the family of 

complexes reported herein. Based on these theoretical values, we expected the reduction 

potentials of the complexes to show little to no variations while the oxidation potentials 

should better reflect the variation between the four series. The destabilization of the 

highest occupied levels would also result in reduced band gaps, which would manifest by 

a decrease in energy for the lowest absorption band of these compounds. We thus 

acquired the experimental values using absorption spectroscopy and electrochemistry to 

confirm the predicted effect of the different structural change.  

UV-Vis absorption spectroscopy 

The absorption spectrum of each complex was measured in acetonitrile. The absorption 

maxima and molar absorption coefficient are reported in Table S19, while selected values 

for the transitions discussed below are displayed in Table 2. The spectra are presented in 

the supporting material (Fig. S35-S51) with the corresponding calculated transitions from 

time dependent DFT. 

A large bathochromic shift between the κ2N and κ3N coordination modes can be observed 

in Fig. 5 presenting the spectra of the complexes based on Lb. While the κ2N compounds 

barely absorb in the visible with maxima around 360-390 nm with tailing into the visible 

region, all the κ3N complexes absorption spectra cover the whole visible region with 



three large additional transitions between 

400 nm and 700 nm. The replacement of 

the bromide by pyridine in 3a-e leads to a 

≈40 nm blueshift, while the 

triphenylphosphine complexes 4a-b 

present an even stronger blueshift of ≈ 80 

nm. The transitions in the visible 

correspond in all cases to 

Metal-Ligand-to-Ligand Charge Transfer 

(MLLCT), with the electron originating 

from an energy level involving the bonding 

π orbital of the retrodonation from the 

rhenium center to the carbonyls ligands and being promoted to terpyridine centered 

energy levels. As discussed earlier, the bonding π orbital is primarily affected by the 

change of coordination mode and its subsequent effect on the mixing between the 

different ligand-metal interactions, explaining the large shift in wavelength without major 

change in localization. 

The various substituents allow for subtle tuning of the absorption maxima, the more 

electron rich ligand Lb leading to shorter wavelengths in all cases, for example. The 

extended conjugation following introduction of aromatic substituents on the 4’ position in 

the case of Lc, Ld and Le causes a slight redshift compared to La. This shift is stronger 

in the case of the 4-pyridyl substituted ligand Le, in agreement with its higher electron 

withdrawing properties. 

 

 

 

 

 

 

 

Figure 5 Absorption spectra for all 

complexes based on ligand Lb (measured 

in acetonitrile) 

 



Table 2 Absorption maxima and molar absorption coefficients of all complexes in 

acetonitrile 

Complex λmax / nm (ε x10-3 Lmol-1cm-1) 
  

1a 367 (2.2)    

2a 395 (3.3) 465 (3.3) 547 (1.2) 690 (1.1) 

3a 380 (6.0) 440 (4.8) 516 (1.7) 647 (1.5) 

4a 374 (3.2) 421 (3.8) 488 (1.4) 590 (1.1) 
     

1b 360 (2.8)    

2b 390 (4.3) 454 (4.2) 534 (1.8, sh) 660 (1.6) 

3b 379 (7.7) 428 (6.1) 514 (2.2) 621 (2.0) 

4b 371 (4.3) 415 (4,5) 487 (1.8) 579 (1.5, sh) 
     

1c 386 (3.7)    

2c 398 (4.6) 473 (6.0) 569 (1.3, sh) 700 (1.2) 

3c 382 (6.1) 448 (7.0) 529 (1.4, sh) 661 (1.2) 
     

1d 364 (12.6, sh)    

2d 401 (5.8) 475 (8.8) 569 (1.4, sh) 705 (1.4) 

3d 386 (8.5, sh) 449 (10.0) 544 (1.4, sh) 661 (1.3) 
     

1e 388 (5.1)    

2e 402 (2.8) 481 (3.5) 591 (0.7, sh) 721 (0.6) 

3e 385 (7.2) 454 (8.2) 539 (1.6, sh) 678 (1.4) 

[Re(bpy)(CO)3Br] 18 370    

[Re(mer-NNN)(CO)2Cl] 44 367 485 ≈ 620 ≈ 720 

[Re(fac-dqp)(CO)3]Cl 42 340    

 

Electrochemistry 

To further confirm the trend observed by IR and absorption spectroscopy and predicted 

by the theoretical model, we investigated all complexes by cyclic voltammetry in 

N,N-dimethylformamide, using a three electrodes set-up, tetrabutylammonium 

hexafluorophosphate (TBAP, 0.1 M) as electrolyte and ferrocene as internal reference 

(0.45 V vs. SCE). We used DMF as a solvent due to the limited solubility of the neutral 

complexes 1a-e and 2a-e. The values are reported in Table 3, along with literature values 

for chloride and triflate analogous complexes.41, 58 The typical electrochemical profile are 

illustrated in Figure 6 for the complexes based on the ligand La, while the cyclic 

voltammograms of all complexes are reported in Fig. S35-S51. 

 



Of note is the fact that several of the redox 

events appear quasi reversible, both 

chemically and electrochemically (based 

on the peak separation, ΔE, and the 

difference between anodic and cathodic 

currents) and even irreversible in some 

cases where no return wave observed, as 

observed for other Re(I) carbonyl 

complexes.47, 58, 59 This lack of 

reversibility can be attributed to an ECE 

mechanism where a chemical reaction 

takes place after injection or removal of 

electron(s), leading to the formation of new 

species with slightly different redox 

potentials. Evidences of such mechanism 

have been reported, see for example the 

work from Bullock and coworkers on the 

oxidative disproportionation of Re 

bipyridine complexes, leading to the 

formation of a solvent adduct and free 

bromine.59 Interestingly,  Dempsey and 

coworkers showed that using very high scan rate, from 500 mV/s up to 100V/s, can 

restore the reversibility, although only partially in some cases,.47  

In the cyclic voltammograms of complexes 1a-e and 2a-e, we observed the appearance of 

an additional process of variable intensity around 0.76 V vs. SCE (shown on Fig. 6 for 

1a), which corresponds to the reported redox potential of Br2/Br⁻ in acetonitrile, 

indicating that a similar decomposition to the one described by Bullock and coworkers is 

in play.59, 60 A second complication in the electrochemical measurements came from the 

tendency of these compounds to adsorb at the surface of the glassy carbon electrode. The 

working electrode was thus polished between each scan. Finally, in some cases, addition 

of ferrocene as an internal standard affected the redox events and can be seen in the 

Figure 6 Cyclic voltammograms of all 

complexes based on ligand La (0.1 mM in 

DMF, 0.1 M TBAP) with the internal 

reference Fc+/Fc couple (0.45 V) shown  

(*). In the case of complex 1a (green), the 

process attributed to released Br- is shown 

(÷) while the first reduction event (#) only 

appear when the oxidation process around 

1.4 V as discussed. 

 



comparison between cyclic voltammogram with and without ferrocene presented in the 

supporting information (see Fig. S35-S51). 

Looking first at the reduction potentials, there is little variation between compounds 

based on the same ligand with different coordination mode, though the cationic 

complexes 3 and 4 are slightly easier to reduce than the corresponding neutral complexes 

1 and 2. Charge effect aside, this lack of variation is expected based on the ligand-based 

character of the LUMOs of all complexes, as discussed in the DFT section. There is 

however a clear correlation between the reduction potentials and the nature of the 

terpyridine substituents, the complexes based on ligand Le with an electron accepting 4-

pyridyl substituent being the easiest to reduce (Ered around -1 V vs. SCE), while the more 

electron rich ligand Lb makes the corresponding complexes harder to reduce (Ered around 

-1.4 V vs. SCE). In some complexes, additionnal reduction processes are observed, 

though they are irreversible in all cases. 

In contrast, we were expecting large variation in the oxidation potential between each 

series of compounds, reflecting on the relative position of the HOMO levels, as observed 

in the DFT study. The expected trend is indeed observed, with the κ3N bromide 

complexes (2a-e) being easier to oxidize than the κ3N pyridine cationic species (3a-e), 

followed by the κ3N triphenylphosphine form (4a-b) and finally the κ2N complexes 

(1a-e) being the most difficult to oxidize. The oxidation potentials are reduced by 800 

mV going from 1a-e to 2a-e, matching the predicted destabilization of the HOMO levels 

centered on the {Re(CO)n} moieties. Interestingly, in addition to the large shift in 

potential, conversion from κ2N to κ3N coordination makes the oxidation processes 

reversible and reveals that complexes based on the more electron donating 

4,4’,4’’-trimethyl-2,2’;6’,2’’-terpyridine ligand Lb are easier to oxidize, by around 100 

mV, compare to the other complexes. 

Overall, the absorption and electrochemical properties confirmed the predicted trend 

regarding the change in electronic properties accompanying the variation in 1) 

coordination mode of the terpyridine ligand, and 2) the nature of the ancillary ligand (Br-, 

pyridine or triphenylphosphine). These changes are caused by a destabilization of the 

highest occupied levels upon conversion from bidentate (κ2N) to terdentate (κ3N) 



coordination of the terpyridine ligands, as shown by the large variation in oxidation 

potential, which leads to reduced band gap and lower absorption maxima. Based on this, 

we decided to look at the emission properties of our complexes, based on the recent 

report of a near-infrared emission band at room temperature for 3e,36  hoping to observe a 

similar correlation between emission maxima and structure of the compounds.  

Table 3 Redox potentials of the different Re(I) complexes (V vs. SCE) 

 Eox (ΔE / mV) Ered (ΔE / mV) 

1a a 1.31 (irr)  -1.30 (77)  

2a a 0.55 (52)  -1.31 (qr)  

3a a 0.82 (91)  -1.14 (qr) -1.38 (irr) 

4a a 0.95 (89)  -1.11 (80)  

1b a 1.42 (irr)  -1.40 (155)  

2b a 0.45 d  -1.42 (qr)  

3b a 0.77 (144)  -1.25 (qr)  

4b a 0.80 (qr) 1.21 (irr) -1.38 (qr) -1.68 (irr) 

1c a 1.23 (irr)  -1.25 (63) -1.74 (irr) 

2c a 0.55 (63)  -1.27 (qr)  

3c a 0.82 (63)  -1.11 (qr) -1.35 (irr) 

1d a 1.19 (irr)  -1.25 (60) -1.70 (irr) 

2d a 0.50 (76)  1.26 (irr) -1.26 (irr)  

3d a 0.81 (69)  -1.11 (qr)  -1.29 (irr) 

1e a 1.45 (irr)  -0.99 (79)  -1.16 (irr) -1.33 (irr) 

2e a 0.56 (48)  -0.89 (95) d  -1.23 (irr) 

3e a 0.83 (77)  -0.96 (qr)  -1.27 (qr) 

[Re(κ2N-tpy)(CO)3Cl]b 1.19  -1.34  

[Re(κ3N-tpy)(CO)3Cl]c 0.48 (65) 1.22 (irr) -1.17 (irr)  -1.34 (irr) 

[Re(κ3N-tpy)(CO)2(py)](OTf)]c 0.86 (irr) 1.35 (irr) -1.21 (irr)  

[Re(κ3N-tpy)(CO)2(PPh3)](OTf)]c 0.94 (irr) 1.31 (irr) -1.19 (irr)  

 

irr. irreversible; qr. quasi reversible (see text); a measured in DMF/TBAP 0.1 M; b ref. 58, 

measured in MeCN/TBAP, initially reported vs. Fc+/Fc; c ref. 41, measured in 

MeCN/TBAP; d affected by the addition of ferrocene 

 

Luminescence spectroscopy 

The emission spectra of the complexes were acquired in acetonitrile (concentrations from 

20 to 50 μM). All emissive compounds present broad, non-structured bands and the 

related photophysical data are reported in Table 4. 



The κ2N complexes 1a-e emit around 650 nm (Fig. S69). The emission wavelengths vary 

with the substituent of the terpyridine from 625 nm for the electron rich ligand Lb to 682 

nm for the electron poor ligand Le. The emission maxima and quantum yields are similar 

to those reported for related chlorine complexes, though the quantum yield of the 

bromine derivatives prepared here are lower.19 Noteworthy, 1c is presenting a double 

emission band. A similar behaviour was observed for a chlorine substituted counterpart 

based on Ld  where the authors attribute the higher energy emission band to a 3LC (-* 

transition).19 Our TD-DFT analysis indicate that the lowest energy triplet state of 1c has 

some 3LC character mixed with contribution from a bromide to ligand charge transfer 

(Fig. S20). The fact that the bromide contributes to the excited state would explain the 

variation between bromide and chloride substituted complexes. 

Conversion to the neutral κ3N complexes 2a-e resulted in a redshift of the lower 

absorption maxima. These complexes appear, however, to be non-emissive at room 

temperature, despite the emission predicted by TD-DFT at wavelengths longer than 900 

nm. Exchanging the bromide ligand for pyridine or triphenylphosphine caused a blueshift 

of the lowest absorption maxima and the TD-DFT predicted emission values follow the 

same trend. These complexes are indeed emissive in the NIR region, with maxima 

between 780 and 950 nm (Fig. S70-S71). 

When looking at the emission maxima of complexes 3a-e, the same substituent effect 

than in absorption maxima is observed, with complex 3b emitting at 840 nm while 3e 

emits at 950 nm. The triphenylphosphine complexes 4a-b emit at higher energies (800 

and 782 nm, respectively), in agreement with the stronger blueshift observed in 

absorption compared to the pyridine complexes 3a-b. These cationic Re(I) complexes are 

amongst the most NIR emissive Re(I) complexes.61 In general, the quantum yields of the 

cationic complexes 3a-e and 4a-b are even higher than those of the neutral κ2N 

complexes 1a-e, a remarkable result for NIR emitting species. As discussed in the 

theoretical section, it is interesting to recall that among these series there is a change in 

nature of the emissive state. Indeed, while the κ2N-tpy halide complexes have a complex 

mix of MLCT, LLCT and LC contributions in their lowest transition, in the κ3N 

complexes, the lowest transition are purely metal-ligand-to-ligand (MLLCT) in nature, 



the density being transferred from the {Re(CO)2} fragment to the terpyridine ligand π* 

orbital. 

Table 4 Emission data for different Re(I) complexes in deaerated acetonitrile at RT. 

 1a 1b 1c 1d 1e 2a 2b 2c 2d 2e 

λem / nm 640 625 
527 

653 
659 682 N.D. N.D. N.D. N.D. N.D. 

Φ / %a 0.03 0.05 0.10 0.05 0.01 - - - - - 

 3a 3b 3c 3d 3e 4a 4b 

λem / nm 870 840 876 865 950 800 782 

Φ / %b 0.13 0.18 0.13 0.11 0.02 0.71 0.40 

 [Re(bpy)(CO)3Br]c [Re(bqp-κ3N)(CO)3]+ d [Re(κ3N-pydiimine)(CO)2X]e 

λem / nm 575 606 N.D. 

N.D. not detected; a determined relative to [Re(bpy)(CO)3Cl] with Φ = 0.5 %2; b 

determined relative to IR125 with Φ = 23 %62;  c ref. 18; d ref. 44, e ref. 42 

Conclusion 

By varying the coordination modes of terpyridines ligands, their substituent and the 

nature of the axial ligands L of Re(I) carbonyl complexes of general formula 

[Re(κxN-Rtpy)(CO)yL]n+, we were able to tune the electronic and photophysical 

properties of these complexes. Conversion from κ2N to κ3N coordination mode of the 

terpyridine ligands has a major impact on the HOMO levels of these complexes which 

are destabilized by almost 800 meV, a shift observed in the electrochemical analysis, 

while the LUMO levels remain unchanged. The HOMO destabilization also leads to a 

large redshift of the absorption maxima by 300 nm, making the κ3N bromo complexes 

2a-e panchromatic while the κ2N bromo complexes 1a-e were barely absorbing in the 

visible region. Replacing the bromide ligand by a pyridine (3a-e) or a triphenylphosphine 

ligand (4a-b) allows to lessen the HOMO destabilization and is accompanied by 

blueshifted absorption maxima. These complexes show NIR emission between 780 and 

950 nm depending on the ligand used, with unusually high quantum yields between 0.02 

and 0.7 % for this class of complexes, attributed to a change in the nature of the excited 

state. We have thus demonstrated the possibility to finely tune the properties of these 

complexes via simple structural variations, opening a path to the design of application 



specific complexes such as biological probes, a context where NIR emission properties 

are desirable.63 

Experimental section 

Materials 

Re2(CO)10 was obtained from Pressure Chemical and converted to Re(CO)5Br via 

titration with bromine.64 Solvents were of ACS or spectroscopic grade (for absorption 

and emission measurements) and used as received, like other reagents, from commercial 

sources (Millipore Sigma or Fisher Scientific). Acetonitrile for electrochemistry was 

distilled from CaH2 and stored under N2. The ligands La-e were prepared following 

published procedures.65-67 Complexes 1a, 1e, 2a, 2e, 3a, 3e and 4a were prepared as 

previously reported and their spectra matched the literature.36, 41, 50  

Synthetic procedures 

The synthetic details and characterization of the Re(I) complexes are provided in the 

supporting information. 
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