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measurements, supported by time-dependent density functional theory (TD-DFT) calculations.

Introduction.

The efficient energy transfer exhibited by natural photosynthetic organisms through light-harvesting antennae has drawn tremendous interest over the last decades, not only for understanding the natural processes 1 but also for technological applications in solar energy conversion, 1c, 1d, 2 which remains one of the great challenges of the century. [2][3] In nature, lightharvesting antennae are composed of different chromophoric units, 1a, 4 which are generally linked through non-covalent interactions 5 such as hydrogen bonding, salt bridges, metalligand coordination or hydrophobic interactions, and are capable of absorbing sunlight and efficiently channeling the energy to the reaction center.

Much effort has been devoted to the preparation of artificial donor-acceptor systems based on combinations of multi-chromophoric arrays 6 in order to emulate light harvesting in plants. In particular, the covalent association between photophysically-active Ru complexes and zinc-porphyrins has been well-explored in the context of understanding the efficiency of the energy transfer involved. 7 In these systems, formation of a charge-separated state following ultra-fast photoinduced electron transfer (PeT) from the porphyrin donor to the ruthenium acceptor are generally observed and as a result, the phosphorescence of the ruthenium complexes is quenched and only weak porphyrin-centered luminescence is detected. 5b, 6f There are only a few examples of multi-metallic dyads and triads composed of metallo-porphyrins covalently linked to iridium(III) polypyridyl complexes. Unlike the examples discussed above, the nature of the electronic communication between the two chromophores is far from straightforward. For instance, Soliman and co-workers explored the energy transfer processes in a multi-metallic [ZnTAP]-[Pt]- [Ir] triad where [ZnTAP] is zinc tetraarylporphyrin (ZnTAP), [Pt] is a Pt(II)-diacetylide bridge and [Ir] is [Ir(ppy) 2 (bpy)]PF 6 (ppyH = 2-phenylpyridine; bpy = 2,2'-bipyridyl). Surprisingly, despite the presence of the trans-Pt(II)-diacetylide bridge that was expected to mediate a direct electronic communication between the two peripheral chromophores without itself contributing to the overall photo-processeses, 8 no electronic communication between the two units was observed for this system. On the other hand, Sauvage, Flamigni and co-workers showed that in a triad consisting of zinc and gold tetraarylporphyrins covalently linked to a central bis(terpyridyl)iridium(III) complex [Ir] As these examples attest, although covalently linked metallo-porphyrin and chromophoric organometallic complex dyads and triads have been explored, 6d, 8-9 supramolecular systems involving metalloporphyrins and photophysically-active complexes non-covalently assembled remain largely unexplored. 5b, 10 One relevant example, reported by Kim and Shin, is that of an electron donor-acceptor dyad consisting of zinc tetratolylporphyrin (ZnTTP) and a tris(bipyridyl)ruthenium(II) complex linked via axial coordination of the distal pyridine moiety of the ruthenium complex to the zinc center. 5b

Fluorescence of the porphyrin donor was significantly quenched as a result of facile electron transfer to the ruthenium acceptor. The use of [Ir(mesppy) 2 (dtbubpy)]PF 6 , 3 (Chart 1) provides a useful negative control in the form of the "non-assembly" 3a (Chart 2b) to verify the presence/absence of electronic communication between 1 or 2 and ZnTPP that is a direct result of axial coordination to Zn (dtbubpy is 4,4'-di-tert-butyl-2,2'-bipyridine). By combining one-and two-dimensional NMR spectroscopy ( 1 H NMR titrations, 2D COSY and HETCOR NMR, and low-temperature 1 H NMR spectra), detailed optoelectronic investigations (UV-Vis and Near InfraRed (NIR) absorption spectroscopy, steady-state and time-resolved emission studies, including streak camera measurements, and cyclic voltammetry experiments) and X-ray single crystal structure analysis of the assemblies 1a, 1b, 2a and 2b (Chart 2a), the nature of the interaction and electronic communication between Ir and Zn in these complexes is elucidated.

Experiment Design

Herein

Chart 2. Chemical structures of a) the assemblies 1a [Ir(mesppy) 2 (qpy)]PF 6 : ZnTPP 1:1 ratio and 2a [Ir(dFmesppy) 2 (qpy)PF 6 : ZnTPP 1:1 ratio; 1b [Ir(mesppy) 2 (qpy)]PF 6 : ZnTPP 1:2 ratio and 2b [Ir(dFmesppy) 2 (qpy)]PF 6 : ZnTPP 1:2 ratio, and b) Chemical structure of complex 3 mixed with ZnTPP (3a) used as a control experiment.

Results and Discussion

Synthesis.

The syntheses of the C^N and qpy ligands and the heteroleptic iridium complexes 1-3 are shown in Scheme 1. The mesppy and dFmesppy C^N ligands were each prepared in high yield via Suzuki-Miyaura 11 palladium-catalysed cross-coupling reactions. The bulky mesityl substituent was incorporated at the 4-position of the pyridine ring of ppy and dFppy C^N ligands as mesityl substitution had been previously shown by Bryce and co-workers 12 for [Ir(dFmesppy) 2 (pic)] (where pic is 2-piconilate) and Zysman-Colman and co-workers 13 for [Ir(dFmesppy) 2 (dppe)]PF 6 (where dppe is 1,2-bis(diphenylphosphino)ethene)) to improve the solubility of the complex in organic solvents and to reduce intermolecular interaction. 14 Scheme 1. Synthesis of C^N and qpy ligands and [Ir(C^N) 2 (N^N)]PF 6 complexes 1, 2 and 3.

Reagents and conditions: a 2.0 equiv. K 2 CO 3 , 5 mol% Pd(PPh 3 ) 4 , N 15 The qpy ligand was prepared in low yield following an oxidative Pd-catalyzed coupling reaction of 4,4'-bipyridine. 16 Complexes 1 and 2 were isolated through cleavage of D1 and D2 with qpy, whereas complex 3 was prepared through cleavage of D1 with dtbubpy. All complexes were purified by column chromatography and isolated as their hexafluorophosphate salt following an anion metathesis reaction using NH 4 PF 6 . Zinc tetraphenylphorphyrin (ZnTPP) was prepared in high yield by complexation of tetraphenylporphyrin with anhydrous zinc acetate. 17 The purity of the complexes was confirmed by 1 H, 13 C, and 19 F NMR spectroscopy, HRMS and melting point analyses (see the Electronic Supplementary Information, ESI). HRMS analysis showed in each case the diagnostic molecular ion peak.

Assemblies 1a and 1b were rapidly obtained after mixing 1 with one or two equivalents of ZnTPP, respectively, in CD 2 Cl 2 at room temperature. The analogous assemblies 2a and 2b were formed upon mixing 2 with one or two equivalents of ZnTPP (Chart 2a). The formation of the assemblies was monitored by 1 H NMR, 2D COSY, HMBC and HMQC and 19 F NMR experiments and HRMS spectrometry (NMR data are reported in the ESI). Crystal structures of 1, 3, 1a and 1b were obtained through X-ray single-crystal diffraction (vide infra), which confirmed the identity of the assemblies under study.

Solution-state structural elucidation.

The assignment of all of the resonances in the 1 H NMR spectrum of 1, 1a and 1b (Figure S41) was carried out using 2D 1 H-1 H COSY, 1 H- 13 C HMBC and 1 H- 13 4d). The formation of 1a and 1b takes place essentially instantaneously after mixing 1 with ZnTPP and, after their formation, no further changes in the 1 H NMR spectra were observed. This observation has been described 5b, 10b, 18 for many axial interactions between N-donor ligands and ZnTPP. The 1 H NMR spectrum for 1a (Figure 4c) is relatively simple, indicating a local C 2 symmetry around the iridium center. This observation suggests that the exchange of bound and unbound ZnTPP is fast compared to the NMR chemical shift timescale and that the 1 H NMR spectrum observed reflects a mixed speciation of ZnTPP -both free ZnTPP and ZnTPP bound to 1. Titration of ZnTTP into a 3.09 mM solution of 1 in CD 2 Cl 2 results in the expected upfield shift of the resonance arising from H a from δ 8.90 to δ 7.55 as the concentration of ZnTPP is increased from 0 to 8.95 mM. This 1 H NMR titration data could be fitted to a sequential binding model (Figure 5) and affords an equilibrium constant of 8000 ± 370 M -1 for the formation of 1a from 1 and ZnTPP and 2000 ± 190 M -1 for the formation of 1b from 1a and ZnTPP. These data can then be used to construct speciation plots for complexes 1a and 1b as a function of the initial concentration and the stoichiometry of the mixture. For solutions containing 1:1 mixture of 1 and ZnTPP initially, 1a is the dominant complex at all concentrations between 100 µM and 100 mM. For solutions containing 1:2 mixture of 1 and ZnTPP initially, 1a is the dominant complex at concentrations below 600 µM and 1b is the dominant complex between this concentration and 100 mM. The lower association constant for the binding of the second ZnTPP molecule to form 1b was expected, as the coordination of a second ZnTPP to 1a would be somewhat impeded as a result of the steric bulk of the already-bound ZnTPP. The association constants for the formation of 1a and 1b are in the range reported for coordination between zinc porphyrins and monotopic nitrogen ligands such as pyridine, with measured association constants ranging between K a = 10 2 and 10 5 M -1 . 5b, 10b The addition of more than 2 equivalents of ZnTPP to 1 results in no further changes in the 1 H NMR spectra (Figure S42).

The low-temperature (236 K) 1 H NMR spectra of 1a (Figure 4e), 1b (Figure 4f) and of 1 in the presence of 4 equivalents of ZnTPP (Figure 4g) are all similar. These results suggest that at 236 K similar speciation exists, regardless of relative stoichiometry of 1 and ZnTPP, due to the slowing of the interchange processes between ZnTPP and the two distal pyridine moieties of the qpy ligand. m 2 •s -1 have been obtained for the three entities. These results corroborate the dynamic and weak N-Zn coordination for 1a and 1b. As expected, when 3 was mixed with 2 equivalents of ZnTPP no change was observed in the 1 H NMR spectra (Figure S45), which clearly confirms that the upfield shifting of the protons in 1a and 1b compared to 1 (cf. Figure 4) results from N pyr -Zn coordination.

Crystal Structures.

Crystal structures of 1, 1a and 1b (Figure 6) were obtained through single-crystal Xray diffraction studies. The crystal structures of 3 and ZnTPP coordinated to diethyl ether were also obtained and are presented in the ESI (Figure S46), along with crystallographic data for all complexes. Diffraction for complexes 1a and 1b was very weak, but despite this, the structures of the two complexes could be unambiguously determined. In 1, 1a and 1b the iridium center adopts a distorted octahedral geometry, with the two nitrogen atoms of the C^N ligands are mutually trans while the two nitrogen atoms of the qpy ligand are disposed trans with respect to the two Ir-C C^N bonds, as observed for other [Ir(C^N) 2 (N^N)]PF 6 complexes in the literature. 19 Notably, the geometries (bond lengths and angles) of 1 do not differ markedly from those of 1a and 1b, indicating little perturbation of the local structure of iridium upon coordination of 1 with ZnTPP. For all three structures the Ir-N C^N bonds are ca.

2.03 Å, the Ir-C C^N bonds ca. 2.00 Å, and the Ir-N N^N bonds ca. 2.12 Å, which are close to the values reported for other [Ir(C^N) 2 (N^N)]PF 6 complexes. [19][20] In each complex, an orthogonal orientation of the mesityl ring with respect to the pyridine ring is observed (torsion angles ca.

90.5°

). This feature was also observed in the crystal structures reported for other mesitylcontaining iridium complexes. 13 The four pyridine rings of the qpy moiety in each of 1, 1a and 1b are not completely coplanar but instead adopt a torsion angle of approximately -40°

between each of the two distal pyridine rings and the central bipyridyl moiety. In all the structures, the bond angles between the iridium center and the qpy ligand Photophysical properties.

Absorption.

The optoelectronic properties of all compounds were investigated in DCM solutions at varying concentrations between 5 × 10 -4 (above k d ) and 1 × 10 -6 (below k d ) M at room temperature and the results are summarized in Tables S2 andS3. In addition, DFT and TD-DFT calculations (see computational details in the ESI) were performed to gain insights into the nature of the electronic transitions of the different complexes and assemblies. At a concentration of 1 × 10 -6 M, less than 1% of ZnTPP is actually bound to the qpy ligand in 1a, 1b, 2a and 2b whereas at a concentration of 5 × 10 -4 M ca. 90% of the ZnTPP is bound to the iridium complex. After mixing 1 and ZnTPP in a 1:1 ratio, a speciation of 1:1a:1b = 0.3:1.3:1 exists. After mixing 1 with two equivalents of ZnTPP, leads to a speciation of 1:1a:1b = 0.2:1:1.4. [START_REF]After mixing 1 with 1 equivalent of ZnTPP, the following concentrations are obtained[END_REF] The UV-Visible (UV-Vis) and Near Infra-Red (NIR) absorption spectra of ZnTPP, 1b, 2b, 3a and ZnTPP coordinated to pyridine (ZnTPP-py, used as a reference assembly) are shown in Figure 7a (the UV-Vis absorption spectra of complexes 1-3 are shown in Figure S49). The absorption spectra of all the iridium complexes are characterized by two intense bands between 260 nm and 330 nm and a broad, lower-intensity band at around 390 nm.

These bands are well reproduced by the TD-DFT calculations using the B3LYP exchange-correlation functional (see, for example, the UV-Vis spectra of 1 and 2 in Figures S77a andS80, respectively). A comparison with the TD-CAM-B3LYP results is provided in Figure S77b for 1. This range-separated functional generally yields blue-shifted bands compared to experiment, therefore we have used the former functional for the rest of complexes. 23 In line with other cationic iridium complexes of the form [Ir(C^N) 2 (N^N)] + , [56][57][58][59]86 the two higher energy bands are theoretically assigned to spin-allowed 1 π➞π* ligand centered ( 1 LC) transitions localized on the C^N ligands, while the broad bands at wavelengths >350 nm are due to several metal-to-ligand charge transfer and ligand-to-ligand charge transfer transitions

( 1 MLCT/ 1 LLCT). 19,24 This absorption band in 2 is blue-shifted (λ max ca. 360 nm) compared to 1 due to presence of the electron-withdrawing fluorine atoms on the C^N ligands, which stabilize the highest occupied molecular orbital (HOMO) and consequently increase the band gap. 25 The energy levels of the frontier orbitals of 1 and 2 are given in Figure S78. and ZnTPP-pyridine after mathematical subtraction of the absorption of free ZnTPP.

The UV-Vis absorption spectrum of ZnTPP (Figure 7a) is characterized by two major bands. The intense absorption between 400 and 430 nm (Soret band) is due to a 1 π➞π* transition (S 2 ) localized on the porphyrin moiety while the low-intensity absorption band between 500 and 600 nm shows vibronic structures and originates from the 1 π➞π* electronic excitation (S 1 ), the so-called Q-bands. 8,17 As shown in Figure S79, good agreement with the computed TD-DFT results is obtained. The absorption spectra of 1b, 2b, and 3a collected at a concentration of approximately 10 -6 M (association < 1%) are very similar in profile to that of ZnTPP and show the sum of the absorptivities of the iridium complexes and ZnTPP, without any significant interactions between the two (Figure 7a).

NIR absorption spectroscopy of ZnTPP, 1b, 2b, 3a and ZnTPP-py collected in DCM at a concentration of 5 × 10 -4 M are shown in Figure 7b. For metallo-porphyrins, the presence of broad and weak absorption bands between 820 and 850 nm are generally ascribed to the formation of molecular aggregates, which can occur at a concentration higher than 10 -5 M. 26 Indeed, in each of ZnTPP, ZnTPP-py, 2a, 2b and 3a, there is a weak and broad absorption band centered at approximately 800 nm. However, compared to ZnTPP, which shows a single broad and unstructured absorption band in the NIR, there are two distinct bands observed with enhanced absorptivity at 768 and 853 nm for 1b and 755 and 827 nm for 2b, respectively. This behavior matches the profile of ZnTPP-py, which was formed in situ upon addition of an excess pyridine to ZnTPP (Figure 7b). By contrast, for 3a, where no coordination between the chromophoric units takes place, the NIR absorption profile is very similar to that of ZnTPP. Importantly, for metallo-porphyrins spin-forbidden singlet-triplet transitions are possible and, as previously reported, the axial coordination between N-donor ligands and ZnTPP can easily perturb the lowest triplet excited states of ZnTPP. 27 From our experiments, the enhanced absorptivity in the NIR observed for 1b and 2b seems to be primarily due to perturbation the triplet state of ZnTPP, which is promoted by the axial coordination between the distal pyridines of 1 and 2 with ZnTPP; though porphyrin aggregation cannot be ruled out as contributing to this absorption band. In view of the TD-DFT results, the NIR absorption observed for 1b and 2b can tentatively be assigned to T 1 and T 2 (both located at 750 nm). Note that, within the computational approach employed, the triplet excitation energies have no intensity because spin-orbit coupling (SOC) was neglected.

Notably, the absorption spectra shown in Figure 7b are the weighted superposition of the assemblies and free mononuclear complexes ZnTPP, 1 and 2. 

Electrochemical properties.

The ground-state electronic communication between the iridium and ZnTPP moieties in 1a, 1b, 2a and 2b has been investigated by cyclic voltammetry, the data of which is reported in Table S4 and the cyclic voltammograms (CVs) of 1, ZnTPP, 1a and 1b are shown in Figure 8a (the CVs of 3 and 3a are reported in Figure 8b while the CVs of 2a and 2b and are reported in the Figure S72). The CVs were recorded in deaerated DCM solution containing n-NBu 4 PF 6 as the supporting electrolyte and using Fc/Fc + as an internal standard at 298 K at a concentration of the iridium complexes of 1.46 × 10 -3 M. At this concentration, for 1a, 2a, 1b and 2b, ZnTPP is completely bound to iridium. After mixing 1 and ZnTPP in a 1:1 ratio, a speciation of 1:1a:1b = 0.1:5:1 exists; after mixing 1 with two equivalents of ZnTPP, a speciation of 1:1a:1b = 0.1:1:6 is formed [START_REF]After mixing 1 with 1 equivalent of ZnTPP, the following concentrations are obtained[END_REF] In agreement with the previously reported electrochemistry, 28 ZnTPP exhibits two mono-electronic irreversible reduction processes that are ascribed to the formation of the porphyrin radical anion [porph] •-and dianion species

[porph] 2-at E pc = -1.29 V and -1.52 V, respectively. There are two mono-electronic reversible oxidation processes due to the formation of the porphyrin radical cation [porph] •+ and dication species, [porph] 2+ at E ox 1/2 = 0.75 V and 1.05 V, respectively (ZnTPP in Figure 8). Similar to the CVs of other cationic heteroleptic Ir(III) complexes, 24a 1 exhibits one quasireversible reduction wave at E red 1/2 = -1.21 V attributed to the first reduction of the qpy ligand (note that the LUMO is located on this ligand, as shown in Figure S78) and one irreversible oxidation at E pa = 1.35 V assigned to the Ir III /Ir IV redox couple with significant contribution from the C^N ligands (1 in Figure 8a, see also the HOMO in Figure S78). Fc/Fc + as an internal standard (Fc/Fc + = 0.46 V in DCM with respect to SCE). 30 The electrochemistry of 2, 2a and 2b was also investigated (Figure S73) and the trends match those presented above. CVs of 3 and 3a are shown in Figure 8b. In deaerated DCM, 3 exhibits one irreversible reduction at E red = -1.15 V attributed to the reduction of the dtbubpy ligand and one reversible oxidation at E ox 1/2 = 1.17 V, assigned to the Ir III /Ir IV redox couple with contribution from the C^N ligands (3 in Figure 8b). 19 In line with NMR and absorption data, the CV of 3a contains the superposition of the CVs of 3 and ZnTPP. These control experiments show that, as expected, there is no ground-state electronic communication between 3 and ZnTPP.

Emission studies.

Upon photoexcitation into the CT band of the iridium complex (λ exc = 360 nm) at a concentration of 3 × 10 -5 M, a broad and unstructured emission profile is observed for 1 (λ em = 638 nm, red line in Figure S50a), indicating an emission from a mixed 3 MLCT/ 3 LLCT state. The character of the emissive state was confirmed by the DFT optimization of the lowest triplet excited state (T 1 , (Figure 9)). Incorporation of electron-withdrawing fluorine atoms on the C^N ligand induced the expected blue-shift in the emission observed for complexes 2 (λ em : 565 nm) compared to the fluorine-free congener 1 (red line in Figure S50b). As reported in Table S3, a Φ PL of 14% (λ exc = 360 nm) with τ e of 300 ns has been obtained for 1 whereas a higher Φ PL of 34% (λ exc = 360 nm) with τ e of 993 ns has been obtained for 2. Upon excitation of ZnTPP into either the Soret or Q bands (λ exc = 420 or 550 nm, respectively), a vibronic emission, characteristic of ZnTPP, 17 is observed between 570 and 740 nm (light blue line in Figure S50). In order to investigate the nature of the emission of 1a, 1b, 2a and 2b and the presence of energy and/or electron transfer between the iridium moiety and ZnTPP, these assemblies were excited into both the 1 CT band (centered on the iridium complex, λ exc = 360 nm), and the Soret and Q bands. Unfortunately, the emission of 1 and ZnTPP coincidentally overlap and consequently the study of this system proved challenging (Figure S50a). In contrast, due to the introduction of the fluorine atoms on the C^N ligands, the emissions of 2

and ZnTPP are better resolved (Figure S50b), which makes this system much more amenable towards the study of electronic communication between the chromophores. 31 However, at the very low concentrations required for quantifiable steady-state emission experiments, the association between ZnTPP and the iridium complex is almost non-existent, whereas at concentrations higher than 10 -4 M (above k d , association > 80%), only self-absorption of the emission of complex 2 due to the presence of ZnTPP is observed by both emission titration experiments and high-time-resolution streak camera measurements (see Figure S66 for emission titrations and Figure S75 and S76 for streak camera studies). The same selfabsorption was also observed for the "non-assembly 3a" (Figure S67).

DFT modeling reveals that for 1a and 1b the lowest triplet excited-state is a 3 CT state involving the HOMO located on the ZnTPP moiety and the LUMO located on the qpy ligand.

They are theoretically located in the NIR region (e.g., at ca. 1250 nm for 1a). Therefore, these 3 CT states are likely not involved in the emission of the assemblies and may play an important role in the non-radiative deactivation pathways of the assemblies. Thus, the emission observed for the assemblies is merely monomer-based and the hypothesis of emission arising from new transitions can be ruled out. The same findings also hold for both 2a and 2b.

The redox potentials combined with the optical data were used to estimate the free energies associated with PeT processes in 1a and 2a following the Rehm-Weller equation (see the ESI for details). 32 Due to the very similar optoelectronic data obtained for 1b and 2b, the same results can be readily extended to the 1:2 assemblies. For both for 1a and 2a, upon photoexcitation of the porphyrin unit, photoinduced electron transfer to the iridium center is found to be exergonic in DCM (ΔG CS = -0.68 eV). At present no evidence of emission quenching due to formation of charge-separated state has been experimentally observed by steady-state and time-resolved spectroscopy. By contrast, due to the higher energy required to extract an electron from the iridium complexes, ΔG CS for PeT processes, in which 1 and 2 act as donors and ZnTPP acts as the acceptor, are found to be +0.38 eV for 1a and +0.08 eV for 2a and thus not thermodynamically favorable (for further details see estimation of PeT in the ESI).

Conclusions.

We report the synthesis and optoelectronic study of supramolecular assemblies composed of a cationic iridium complex of the form [Ir(C^N) 2 (qpy)]PF 6 and ZnTPP, through dynamic and non-covalent interactions between the distal pyridine moieties of the qpy ligands of the iridium complex and zinc. 

  (schematically, [ZnTAP]-[Ir]-[AuTAP], where [AuTAP] is a gold tetraarylporphyrin), efficient and ultrafast electron transfer (k PeT > 5 × 10 10 s -1 ) to the [AuTAP] occurred upon excitation of either [Ir] or [ZnTAP], leading to the formation of a long-lived charge-separated state [ZnTAP] •+ -[Ir]-[AuTAP] •-. No energy transfer was detected for this system. 6d

  we report the first examples of dynamic supramolecular assemblies composed of cyclometalated Ir(III) complexes of the form of [Ir(C^N) 2 (qpy)]PF 6 (where C^N is mesppy = 2-phenyl-4-mesitylpyridinato in 1a and 1b and dFmesppy = 2-(4,6-difluorophenyl)-4mesitylpyridinato in 2a and 2b, and qpy is 4,4':2',2'':4'',4'''-quaterpyridine) that act as the donors, and zinc tetraphenylporphyrin (ZnTPP) that acts as the acceptor (Chart 1). In these systems, the ZnTPP can coordinate to one or both of the two distal pyridine rings of the [Ir(C^N) 2 (qpy)]PF 6 complexes ([Ir(mesppy) 2 qpy]PF 6 , 1 and [Ir(dFmesppy) 2 qpy]PF 6 , 2, (Chart 1) forming the assemblies shown in Chart 2a. Complexes 1 and 2 were designed with the goal of modulating the donor energy as a function of the choice of C^N ligand and to explore electronic communication between the two chromophoric units and ZnTPP in the assemblies 1a, 1b, 2a and 2b (Chart 2a). Chart 1. Chemical structures of the reference mononuclear cyclometalated Ir(III) complexes 1, 2 and 3 and ZnTPP under investigation in this work.

  Figure4h) were most sensitive to the axial coordination of the pyridine ring to ZnTPP. After
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 4 Figure 4. 1 H NMR spectra (CD 2 Cl 2 , 500 MHz) of. a) 1 (298 K); b) ZnTPP (298 K); c) 1a
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 5 Figure 5. (a) The chemical shift changes observed in the 1 H NMR spectrum of a 3.09 mM
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 6 Figure 6. Views of the structures of (a) 1; (b) 1a; and (c) 1b, with PF 6 -anions, solvent

Figure 7 .

 7 Figure 7. a) UV-Vis absorption spectra of ZnTPP, 1b, 2b and 3a recorded in DCM at 298 K at a concentration of approximately 10 -6 M. b) NIR-absorption spectra from 450 to 950 nm of

Figure

  7c shows the deconvoluted absorption spectra for 1b, 2b and ZnTPP-py after mathematical subtraction of the absorption spectrum of unbound ZnTPP. The remarkable enhancement of the NIR absorption in 2a and 2b showcases the sensitivity of the triplet excited-state of ZnTPP to the presence and nature of the axially bound ligand. As a result, upon coordination to the ZnTPP, new CT singlet and triplet excited-states arise in the assemblies. A very low intensity π por ➞π dtbbpy * CT transition (S 1 ), which is predicted by TD-DFT to occur at 736 nm (using the CAM-B3LYP functional for this obviously long-range CT transition), might importantly contribute (along with the ZnTPP-based lowest triplet excited states) to the low-energy UV-Vis bands. These new bands significantly contribute to the observed enhancement of the NIR features of the assemblies.

Figure 8 .

 8 Figure 8. a) CVs for 1, ZnTPP, 1a and 1b and b) CVs for 3, ZnTPP and 3a recorded at 298 K

Figure 9 .

 9 Figure 9. Spin-density distributions (B3LYP/6-31G(d) -ecp-60-mwb for Ir) at the

  1 H NMR titration experiments reveal equilibrium constants of 8000 ± 370 M -1 for the formation of 1a from 1and ZnTPP, and 2000 ± 190 M -1 for the formation of 1b from 1a and ZnTPP. The structures of the assemblies have been elucidated by X-Ray single-crystal structure analyses. For the assemblies 1a, 1b, 2a and 2b, strong self-absorption of the iridium emissions due to the presence of ZnTPP was observed with no evidence of Förster energy transfer between the units. Furthermore, despite favorable thermodynamics for electron transfer from ZnTPP to iridium, no evidence of the formation of a charge-separated state following electron transfer was observed by steady-state and timeresolved emission spectroscopy.Acknowledgements. EZ-C acknowledges theUniversity of St Andrews for financial support. We thank Umicore AG for the gift of materials. IDWS acknowledges support from EPSRC (EP/J009016) and the European Research Council (grant 321305). IDWS also acknowledges support from a Royal Society Wolfson research merit award. We thank the EPSRC UK National Mass Spectrometry Facility at Swansea University for analytical services. DJ acknowledges the European Research Council (grant: 278845) and the RFI Lumomat for financial support. This research used resources of (1) the GENCI-CINES/IDRIS, (2) Centre de Calcul Intensif des Pays de Loire (CCIPL), and (3) a local Troy cluster.

  

  

  CD 2 Cl 2 at room temperature were carried out in order to estimate the diffusion coefficients of the three entities in solution and the results are reported in Figures S13, S29 and S36, respectively. Although 1a and 1b possess higher molecular weights than 1, similar diffusion coefficients of ca. D = 1.35 × 10 -9

1 H NMR DOSY experiments of 1, 1a and 1b in

  vector angles of, respectively, 74.16 and 64.68° (FigureS46) appropriate to accommodate either one or two ZnTPP molecules around one iridium complex (Chart 2a) resulting in Ir … Zn separations of11.22-11.33 Å. Solid-state NMR of bulk samples of 1 and 1a are consistent with the solid-state structures (see the solid-state NMR section in the ESI).

	(N qpy -Ir-N qpy ) are essentially the same, ranging between 76.29(19) and 79.2(7)°. In 1a and 1b,

the Zn-N pyridyl bond distances are approximately 2.15 Å, which are in agreement with the typical bond length values between N-donor ligands and ZnTPP.

21 

In 1a and 1b the qpy moieties show

For the assemblies 1a and 1b, the oxidation potentials localized on the iridium complex are only slightly cathodically shifted compared to 1 (E pa = 1.35 V for 1 vs. E pa = 1.34 V for 1a and E pa = 1.33 V for 1b). However, remarkable changes are observed for the redox processes localized on ZnTPP. Indeed, compared to ZnTPP, the Zn-centered oxidation waves of both 1a and 1b exhibit a cathodic shift (E ox 1/2 = 0.40 V for 1a, E ox 1/2 = 0.36 V for 1b vs.

E ox 1/2 = 0.75 V for ZnTPP) and their first reduction processes are likewise cathodically shifted (E red 1/2 = -1.39 V for 1a, E red 1/2 = -1.40 V for 1b vs. E pc = -1.29 V for ZnTPP). This behavior mirrors the electrochemistry of ZnTPP coordinated with N-donor electron-donating ligands, 18b, 28-29 making the ZnTPP more easily oxidized and less easily reduced. The CV of ZnTPP coordinated with pyridine (ZnTPP-py) (Figure S74) corroborates the observed trends in the CVs for 1a and 1b, where both the reduction and the oxidation waves of ZnTPP-py are shifted cathodically (E ox 1/2 = 0.69 V, E ox 1/2 = 0.36 V, E red 1/2 = -1.61 V) relative to ZnTPP.

Supporting information. Experimental section, characterization of precursors, ligands, iridium complexes and supramolecular assemblies; solution NMR investigations of the assemblies; determination of the association constants and displacement assays using DMAP;

X-ray crystal structure parameters of 1, 1a and 1b, and crystal structures of complex