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Introduction

Various techniques are used to diagnose diseases at an early stage of their developments, such as radiography, tomography (CT, PET, SPECT), 1,2 Magnetic Resonance Imaging (MRI). 3 Optical Imaging (OI) is used in ophthalmology, but is also mostly used in preclinical studies. 4 Two aspects are crucial in imaging, the contrast agent and the nature of the delivery system. Our study focuses on optical imaging probes and tubeshaped nanoparticles to deliver them. The immobilization of OI probes on nanotubes has been reported many times in the case of carbon nanotubes (CNT) and showed great potential, 5 but their design did not address either of the following issues: (a) exploring new types of nanotubes (not only carbon-based); (b) the robustness of fluorophores, i.e. the sensitivity to photobleaching; (c) the construction of optically active nanohybrids was not achieved step-by-step, hence the precise composition of coating/nanotube may not be accurate enough; (d) the fluorophore/nanotube carrier may not necessarily unravel a potency for therapeutic applications. Hence, we envisioned that conjugates 1a-c (Fig. 1) might address these issues: (a) most nanotubes used so far for the immobilization of OI probes are CNT. 5 Titanate nanotubes (TiONts) have been recently presented, hence they remain barely studied for biomedical applications. [6][7][8] They are needle-shaped nanocarriers, with a 10 nm outer diameter, 4 nm inner diameter. Contrary to CNT, they are opened on the extremities. They have been reported as carriers for polyethylene imine (PEI) in in vitro studies for DNA transfection 7 and as radiosensitizer of glioma. 8 (b) Zinc phthalocyanines (ZnPc) are robust fluorophores (and also photosensitizers, which does not prevent their use as fluorescent probes), with appealing optical properties: [9][START_REF] Ben-Hur | Porphyrin Handbook[END_REF][START_REF] Lavis | [END_REF] i) absorption/emission bands in the 650-800 nm region lies in the wavelength range where the tissue penetration is the greatest (i.e. the so-called imaging window); [9][START_REF] Ben-Hur | Porphyrin Handbook[END_REF][START_REF] Lavis | [END_REF] ii) a fluorescence quantum yield (ΦF (ZnPc) = 0.3) in the range of known fluorophores, [9][START_REF] Ben-Hur | Porphyrin Handbook[END_REF][START_REF] Lavis | [END_REF] and a high molar extinction coefficient (ε = 10 5 M -1 .cm -1 ), which results in a high brightness (ε × Φ F ) and making ZnPc very competitive compared to other near-IR emitting fluorophores (for example ZnPc is already used in clinics). [9][START_REF] Ben-Hur | Porphyrin Handbook[END_REF][START_REF] Lavis | [END_REF] Moreover, ZnPc is one of the most robust photobleaching-resistant fluorophores reported to date, with degradation quantum yield of 10 -6 , i.e. about 30 times more robust than rhodamine. Eventually it can be combined to inorganic structures to form hybrid materials of interest particularly for chemosensing. 12 (c) An organic coating was covalently attached onto TiONts in a step-by-step approach. 

Results and discussion

Each coated-TiONts was thoroughly characterized by an array of analytical techniques, which allowed us to keep track of the 2 | J. Name., 2012, 00, 1-- 3 This journal is © The Royal Society of Chemistry 2012

precise composition of the coated-TiONts at a given step. We stuck to the highest standards of characterization on hybrid materials. [13][14][15][16][17] (d) ZnPc are used in photodynamic therapy (PDT), whereas TiONts are used as a radiosensitizers; 8 our experience in nano-objects (SuperParamagnetic Iron Oxide Nanoparticles (SPIONs) and nanotubes) [6][7][8][13][14][15] and on the immobilization of functional porphyrin/porphyrinoid models on iron oxide and gold material, [15][16][17][START_REF] Collman | Proc. Natl. Acad. Sci[END_REF] prompted us to investigate the immobilization of ZnPc onto TiONts, two promising components featuring effective vectorization of efficient OI probes.

Three approaches have been explored to immobilize Pc onto TiONts, (featuring three Pc-Y / TiONts-X couples, Fig. 2) to examine (i) the corresponding reactivities and convenience in handling three types of linkers in conjugates 1a-c (Fig. 1), (ii) and most importantly the colloidal stability, i.e. kinetics of decantation. Herein, we synthesized X-functionalized titanate nanotubes (X = COOH, NH 2 , and N 3 ) (Fig. 2).

Fig. 2 Step--by--step syntheses of X-functionalized TiONts: TiONts-NH2 (2a), TiONts-COOH (2b), TiONts-N3 (2c) (for subsequent reactions with phthalocyanines 3a--c, respectively).

Bare TiONts were prepared according to the procedure reported elsewhere. [START_REF] Papa | [END_REF] The dimension of nanotubes is given by Transmission Electron Microscopy (TEM), with a length (L = 156 ± 53 nm), an outside diameter (doutside = 9.1 ± 1.3 nm) and an internal cavity (dinner = 3.8 ± 0.6 nm) (Fig. 3). Bare TiONts were also characterized by ThermoGravimetric Analysis (TGA) and showed 4.7 OH/nm² (Fig. S5, Table S2).

The specific surface area of the powder is S = (163 ± 25) m².g -1 .

ζ-potential measurements (Fig. 4I) indicated an IsoElectric Point (IEP) at pH 3.3 and potentials that reached 35 mV at their maximum values. TiONts-X Syntheses. Bare TiONts were coated by the reaction between TiONts free hydroxyl groups and 3aminopropyltriethoxysilane (APTES), to afford aminefunctionalized TiONts (TiONts-NH 2 , 2a). ζ-potential measurements (Fig. 4I) indicated an IEP at 6.5, which was shifted at a higher pH value compared to bare titanate nanotubes. The latter shift is due to the presence of amine functions at the nanotubes surface and maximum potentials are still about 35 mV. TGA suggests that the number of amine groups is about 5.5 NH 2 /nm² (9.1 µmol/m²) on these TiONts-NH 2 (Fig. S5, Table S2). The XPS measurements showed that the C1s peak decomposes into two different contributions: C-C/C-H (284.5 eV, 64%), C-N (285.9 eV, 36%) (Fig. S2). The N1s peak (not shown) corresponds to two contributions: C-NH 2 (399.2 eV, 54%) and C-NH 3 + (401.1 eV, 46%). 20 Carbon and nitrogen atomic concentrations have increased (Table S1). All these observations may be explained because of the presence of the APTES. Another variant of functionalized TiONts, TiONts-COOH 2b were synthesized as follows. Bare TiONts were coated by the reaction between TiONts free hydroxyl groups and 6phosphonohexanoic acid (PHA), to afford carboxylfunctionalized TiONts. ζ-potential measurements indicated an IEP at 3.2, shifted at a lower pH value because of the presence of carboxyl groups at the nanotubes surface. The maximum potentials are still about 35 mV when compared to bare TiONts (Fig. S2bis). TGA suggests that the number of carboxylic groups is about 3.5 COOH/nm² (5.8 µmol/m²) on these TiONts-COOH (Fig. S5, Table S2). The XPS measurements showed that the C1s peak decomposes into three different contributions: C-C/C-H (284.5 eV, 64%), C-P (286.2 eV, 26%), (C=O)-OH (288.0 eV, 10%) (Fig. S2). Carbon and phosphorus atomic concentrations have increased because of the presence of PHA (Table S1). TiONts-NH 2 nanohybrids 2a were subsequently coupled with heterobifunctional azide/carboxyl terminated-PEG (polyethylene glycol) chains by EDC coupling, to afford azidofunctionalized TiONts (TiONts-N 3 , 2c). They were characterized by FTIR (Fig. 4II) exhibiting a characteristic azide stretch at 2110 cm -1 . ζ-potential measurements (Fig. 4I) indicated an IEP shifted up to the higher pH value of 7.9, coming along with a 20 mV decrease to a maximum potential of 15 mV. These observations are consistent with the modification of the NP surface introducing azide groups (IEP variation) at the end of short ethylene oxide chains (significant shielding effect). XPS measurements are in correlation with the other characterizations: the C1s peak decomposes into three different contributions: C-C/C-H (284.5 eV, 38%), C-NH 2 /C-OPEG-N 3 /(C=O)-NH-C (286.0 eV, 48.5%), (C=O)-NH-C/C=OPEG-N 3 (287.8 eV, 13.5%) (Fig. S2). The N1s peak corresponds to C NH 2 /(C=O)-NH-C (399.6 eV, 68%) and C-NH 3 + (401.3 eV, 32%) contributions (Table S1). 21 In addition, TGA measurements (Fig. S10) indicated 0.6 PEG-N 3 /nm² (1.0 µmol/m²) meaning that 1 NH 2 function over 10 reacted with HOOC-PEG(9)-N 3 . All TiONts-X were also characterized by TEM (Fig. S1). Surface modifications of nanotubes 3a-c led to small agglomerates of 2a-c, which is in stark contrast with bare TiONts made of micrometric-sized agglomerates. These results are in agreement with previous observations of PEI modified nanotubes. 7 Pc-Y Syntheses. A series of phthalocyanines 3a-c were synthesized by mixed condensation of two phthalonitriles, i.e. plain phthalonitrile and functionalized phthalonitrile 4a-c (R = COOH, NH 2 , alkyne) (Scheme 1). The latter were synthesized by nucleophilic aromatic substitution of nitrodicyanobenzene onto 3-hydroxy-benzoic acid (for 4a), or 4-amino-phenol (for 4b), or 4-bromophenol (for 4d). Alkynyl derivative 4c was prepared by Sonogashira coupling between 4d and TMSprotected acetylene. The mixed condensation led to a statistical mixture containing the Y-bearing A 3 B-ZnPc phthalocyanine 3a-c and the A 4 -ZnPc counterpart that is not reactive to achieve subsequent grafting onto surfaces. This mixture was purified by a series of washings (with various solvents), leading to the removal of the non-phthalocyanine material. The ratio of A3B/A4 Pcs was estimated by 1 H-NMR to be 4:7 (Fig. S2tris). TiONts-Pc syntheses. Pc-modified TiONts were synthesized depending on the nature of the Y function on the Pc and according to the following procedures: nanohybrid 1a was synthesized from the condensation of TiONts-NH 2 2a and Pc-COOH 3a, whereas nanohybrid 1b was synthesized by condensation of TiONts-COOH 2b and Pc-NH 2 3b; both conjugations were carried out in the presence of EDC/NHS. Nanohybrid 1c was synthesized by the Cu-catalyzed Azide-Alkyne Coupling (CuAAC) between the azide-containing TiONts-N 3 2c and the alkynyl-phthalocyanine 3c in the presence of a copper catalyst and sodium ascorbate (AsNa). The remaining A4-ZnPc coproduct that does not bear the Y moiety (such as COOH, NH 2 , alkynyl, see Fig. 4, scheme 1) is not reactive for subsequent immobilization, and hence was easily washed away after the coupling reaction with TiONts (Moreover, a series of washings with various solvents efficient at dissolving free A3B/A4 phthalocyanine was used). A mixture of ZnPc and TiONts treated without either the coupling agents (1ab), or the Cu catalyst (1c) did not lead to the characteristic spectroscopic features indicating the formation of the TiONts-Pc conjugates 1a-c. Hence, this indicates that these spectroscopic observations, such as that of UV-Vis do not reflect an artifact such as the adsorption of ZnPc onto TiONts, but a covalent linkage instead. Note that other TiONts-Pc assemblies have been reported for other applications, neither with covalent coupling between two entities, nor with a stepby-step approach. 24,25 Such a coupling was achieved in light of overviews on Click chemistry achieved with porphyrins and phthalocyanines, 28 and to hybrid materials incorporating phthalocyanines. 12 TiONts-Pc nanohybrids 1a-c were washed with a series of solvents (DMSO/ethanol) and water by ultrafiltration to ensure no free organic material was adsorbed. The coupling of TiONts-X and Pc-Y (to afford conjugate 1a-c) (Fig. 5) was achieved and thorough characterizations are discussed thereafter (Fig. 4).

Scheme 1.

Syntheses of Y--functionalized phthalocyanines 3a--c (Y = NH2, COOH, alkyne). (i) 3--hydroxybenzoic acid (1 eq), K2CO3 (4 eq), DMF, 25°C, 15 h à 4a; or (ii) 4--aminophenol (1 eq), K2CO3 (2 eq), DMF, 25°C, 15 h à 4b; or (iii) 4-bromophenol (1 eq), K2CO3 (2 eq), DMF, 25°C, 2 h à 4d; (iv) Me3SiC≡CH (2 eq), Pd(PPh3)4 (0.1 eq), CuI (0.5 eq), NEt3, 60°C, 2 h à 4a; (v) Zn(OAc)2 (2 eq), DBU (8 eq), pentanol, 130°C, 15h. The appearance of a new N1s contribution (C-NPc contribution, 15%) at 398.3 eV is thus attributed to the presence of ZnPc (Fig. S4). 22 TGA indicates 0.13 Pc/nm2 (0.22 µmol/m2) (Fig. S5, Table S2). UV-Visible spectroscopy in DMSO showed the characteristic absorption bands of ZnPc (Q bands: 630 and 679 nm) (Fig. S6-S7). Fluorescence studies show fluorescence emission at 685 nm (Fig. S8). (398.2 eV, 10%) (Fig. S4). 22 TGA gave 0.1 Pc/nm2 (0.25 µmol/m²) (Fig. S5, Table S2). The appearance of a new N1s contribution at 398.2 eV (attributed to C-NPc contribution) is thus attributed to the presence of ZnPc. UV-Visible spectroscopy into DMSO shows the ZnPc presence (Q bands: 610 and 677 nm) (Fig. S6-S7). Fluorescence studies show fluorescence emission at 687 nm (Fig. S8).

Nanohybrid 1c: ζ-potential measurements (Fig. 4I) indicated an IEP around 8.4 close to the IEP of the previous functionalization stage (TiONts-N 3 ) but they showed a slight shielding effect due to the grafted A 3 B-ZnPc. FTIR showed the disappearance of the azide stretch (Fig. 4II) at 2110 cm -1 , which indicates that the reaction with the alkyne occurred, leading to the formation of a resulting triazole linker. XPS analysis (Fig. S9) showed that the C1s peak decomposes into four different contributions: C-C/C-H (284.5 eV, 53%), C-NH 2 /C=C-N (286.0 eV, 32%), (C=O)-N (287.5 eV, 11%) and a satellite peak of π→π* transition (291.6 eV, 4%). 20 The C-C/C-H components have increased because of the presence of the A3B-ZnPc aromatics. The N1s peak is shared into three contributions (not shown): C-NH 2 (400.1 eV, 24%), C-NH 3 + (401.9 eV, 10%) and C-N Pc (398.6 eV, 66%). 22 The appearance of a new N1s contribution (C-NPc contribution) at 398.6 eV is thus attributed to the presence of ZnPc. TGA gave 0.1 Pc/nm² (0.15 µmol/m²) meaning that 1 ZnPc is coupled with 1 PEG-N 3 over 6. UV-Visible spectroscopy in DMSO showed the ZnPc characteristic absorption bands: Q bands (675, 644, and 609 nm), and the Soret band (345 nm). Fluorescence studies show fluorescence emission at 680 nm (Fig. 4IV). Nanohybrids 1a-c were in the form of small agglomerates (Fig. 4V,S3), which is reminiscent of nanotubes 2a-c. The surface coverage rates expressed as a function of the available surface groups from the previous step were found to be relevant indicators of the stepby-step nanotube-coating. At each stage of the synthesis of conjugate 1, the coverage rates were the followings determined by TGA: a) Next, spectroscopic studies were carried out to address the imaging capabilities of the Pc probe (i.e. fluorescence measurements of ZnPc probe for OI) in the well characterized TiONts-Pc conjugate 1a-c. Upon excitation of Pc at 600 nm in DMSO solution, a fluorescence emission at 678 nm (1c) was observed, which is comparable to the fluorescence emission of the parent ZnPc 3a-c (not bound to TiONts). These data seem to indicate that aggregation by π-stacking may be limited. Moreover, any possible interaction between TiONt and Pc may not be completely excluded, it may not be extensive because of the steric hindrance provided by the linkers. The hydrophilic character of 1a-c, may be increased upon either a) tuning down the Pc coverage rate, or b) reacting the remaining azides with alkyne-containing PEG. Note that conjugates 1a-c are putative theranostic agents (i.e. a species that can be used to perform imaging and therapy simultaneously). 23 Indeed, not only optical imaging may be achieved from the ZnPc moiety, [9][START_REF] Ben-Hur | Porphyrin Handbook[END_REF][START_REF] Lavis | [END_REF] but also it could induce the formation of Reactive Oxygen Species (ROS), by two routes: a) by photodynamic therapy, PDT (from ZnPc probe); 24-26 b) or upon X-Ray irradiation on the nanotube (TiONts). 8 In addition toxicity evaluation of each individual component forming 1a-c have been reported by us previously 8,24, 27 leading to the novel nano-objects presented herein.

Experimental Synthetic procedures

Bare TiONts. Titanate nanotubes (TiONts) were synthesized by a classical hydrothermal method. The precursor is a powder of titanium dioxide (rutile). This powder (440 mg) was added to a NaOH aqueous solution (110 mL, 10 mol.L -1 ). The mixture was submitted to ultrasounds (15 min, 375 W, Sonics Vibra-Cells) before being transferred to a sealed Teflon reactor. The temperature is set at 155°C during 36 hours and the mixture was stirred by magnetic stirring (120 rpm). The obtained product is washed (dialysis and ultrafiltration on membrane: 30 kDa) down to the pH and the conductivity of deionized water. Finally, the powder was freeze-dried. TiONts-Pc 1a/1b. TiONts-X (2a or 2b) were subjected to an equivalent mass ratio of Pc-Y (3a or 3b) in the presence of N,N'-Dicyclohexylcarbodiimide (DCC) and Nhydroxysuccinimide (NHS, dissolved into The mixture was stirred (60 rpm) in 20 mL of 3:1 THF/water during 48 h followed by evaporation of THF and ultrafiltration against mixture DMSO/water leading to TiONts-Pc 1a or 1b. TiONts-Pc 1c. TiONts-N 3 were subjected to an equivalent mass ratio of 2-(4-(alkynyl)phenoxy)-phthalocyaninato zinc(II) (alkyne-containing A3B-ZnPc) in the presence of CuSO 4 (5.5 molar equivalent) and sodium ascorbate (3.5 molar equivalent) with respect to the alkyne-ZnPc stoichiometry. The suspension was dispersed under ultrasonic treatment (225 W, 15 min, Sonics Vibra-Cells). The mixture was stirred (60 rpm) in 4:1 DMSO/water during 48 h followed by ultrafiltration (mixture DMSO/ethanol) against ethanol leading to TiONts-Pc 1c. TiONts-NH 2 (2a). Bare TiONts were subjected to 3aminopropyltriethoxysilane (APTES) in an equivalent mass ratio into 120 mL of a 1:1 ethanol/water mixture. The mixture was submitted to an ultrasonic treatment (225 W, 5 min, Sonics Vibrant-Cells) to afford a good particle dispersion leading to the polysiloxane coverage of individual particles rather than agglomerates. The mixture was then submitted to magnetic stirring (400 rpm) during 48 h. 20 mL of glycerol was then added followed by the evaporation of the ethanol/water mixture under reduced pressure to increase the polysiloxane condensation around TiONts. Finally, glycerol was removed by a mixture acetone/ethanol addition to the TiONts suspension accompanied by a filtration on membrane (regenerate cellulose: 0.45µm). TiONts were finally re-suspended into ultrapure water yielding TiONts-NH 2 and dialyzed one week against ultrapure water (resistivity 18 MΩ). TiONts-COOH (2b). Bare TiONts were subjected to 6phosphonohexanoïc acid (PHA) in an equivalent mass ratio into 120 mL of a 1:1 ethanol/water mixture. The mixture was submitted to an ultrasonic treatment (225 W, 5 min, Sonics Vibrant-Cells) to afford good particle dispersion. The mixture was then submitted to magnetic stirring (400 rpm) during 48 h followed by ultrafiltration against ultrapure water (resistivity 18 MΩ) leading to TiONts-COOH. TiONts-N 3 (2c). TiONts-NH 2 were subjected to an equivalent mass ratio of 32-azido-5-oxo-3,9,12,15,18,21,24,27,30nonaoxa-6-azadotriacontan-1-oic acid (N 3 -PEG 9 -COOH) in the presence of N-(3-dimethylaminopropyl)-Nethylcarbodiimide hydrochloride (EDC) and Nhydroxysuccinimide (NHS, dissolved into DMSO) at 1.0 and 1.1 molar equivalent respectively with respect to the PEG stoichiometry. The mixture was stirred (60 rpm) in 20 mL of 3:1 THF/water during 48 h followed by evaporation of THF and ultrafiltration against ethanol leading to TiONts-N 3 .

2-(4-(carboxy)phenoxy)-phthalocyaninato zinc(II) (3a).

To a suspension of 3-(3,4-dicyanophenoxy)benzoic acid (0.4 g, 1.51 mmol), phthalonitrile (1.35 g, 10.57 mmol) and zinc acetate dihydrate (663 mg, 3.02 mmol) in octanol (10 mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (1.8 mL, 1.84 mmol), then the mixture was heated at 130 °C during 15 hours. The reaction mixture was cooled to room temperature and the blue precipitate was filtered off, washed with 1 M hydrochloric acid (3×20 mL), water (3×20 mL) and methanol (10 mL). The mixture of non-substituted and mono-substituted phthalocyanine was dried under reduce pressure (1.15 g, 43% cyclisation yield). . UV-Vis (DMSO): λ max (nm) (ε×103 L.mol -1 .cm -1 )= 347 (45.5), 608 (26.3), 673 (168.2).

2-(4-(amino)phenoxy)-phthalocyaninato zinc(II) (3b).

To a suspension of 4-(4-(amino)phenoxy)phthalonitrile (0.5 g, 2.13 mmol), phthalonitrile (1.9 g, 14.88 mmol) and zinc acetate dihydrate (933 mg, 4.25 mmol) in octanol (10 mL) was added DBU (2.55 mL, 2.59 mmol), then the mixture was heated at 130 °C during 15 hours. The reaction mixture was cooled to room temperature and the blue precipitate was filtered off, washed with 1 M hydrochloric acid (3×30 mL), water (3×30 mL), methanol (20 mL), then subsequently washed with dichloromethane for 12 h in a Soxhlet extractor. The blue-green solid was dried under reduced pressure to afford the mixture of non-substituted and mono-substituted phthalocyanine (950 mg, 35 % cyclisation yield). (DMSO): λ max (nm) (ε×103 L.mol -1 .cm -1 ) = 347 (40.4), 608 (23.6), 674 (146.7).

2-(4-(alkynyl)phenoxy)-phthalocyaninato zinc(II) (3c).

A suspension of 4-(4-((trimethylsilyl)ethynyl)phenoxy)phthalonitrile (3) (0.4 g, 1.26 mmol), phthalonitrile (1.13 g, 8.82 mmol), zinc acetate dihydrate (553 mg, 2.52 mmol), in octanol (10 mL) and 1,8diazabicyclo [5.4.0]undec-7-ene (1.5 mL, 10.1 mmol) was heated at 130 °C during 2 hours. Then the reaction mixture was cooled to 21 °C and the blue precipitate was filtered off, washed with 1 M hydrochloric acid (3×20 mL), water (3×20 mL) and methanol (10 mL), then subsequently washed with dichloromethane for 12 h in a Soxhlet extractor. The blue solid was dried under reduced pressure to afford the mixture of nonsubstituted A 4 -ZnPc and mono-substituted A 3 B-ZnPc phthalocyanine (where A 4 stands for four unsubstituted isoindoles of the ZnPc and A 3 for three unsubstituted isoindoles, B stands for the alkyne-containing isoindole; 400 mg of mixture, 25 % cyclisation yield). 

4-(carboxylato)phenoxy)phthalonitrile (4a).

This compound was synthesized by adapting the method described by Erdem et al. 29 and modified as follows (adapted for this regioisomer and improvements are T conditions, solvent, and yields). A suspension of 4-nitro-phthalonitrile (3 g, 17.3 mmol), 3hydroxybenzoic acid (2.39 g, 17.3 mmol) and potassium carbonate (9.56 g, 75.2 mmol) were stirred in DMF (30 mL) at room temperature during 15 hours. After addition of 100 mL of 1 M hydrochloric acid, the resulting precipitate was filtered off and washed with water (3×50 mL). The solid obtain was dry under reduce pressure (3.97 g, 98 %). 

4-(amino)phenoxy)phthalonitrile (4b).

This compound was synthesized accrding to a method described by D'Souza et al. 30 and modified as follows (improvements are RT conditions, solvent, and yields). A mixture of 4-nitro-phthalonitrile (3 g, 17.3 mmol), 4-aminophenol (1.89 g, 17.8 mmol) and potassium carbonate (4.78 g, 34.6 mmol) was stirred in DMF (30 mL) at room temperature during 15 hours. After addition of 60 mL of water, the resulting precipitate was filtered off and washed with water (3×20 mL). The pale yellow solid obtain was dry under reduce pressure to afford compound 4 (3.8 g, 94 %). 1 H NMR (300 MHz, DMSO-d 6 , 300 K): δ (ppm)= 5.18 (s, 2H); 6.64 (d, 3 J= 8.9 Hz, 2H); 6.85 (d, 3 J= 8.9 Hz, 2H); 7.25 (dd, 3 

4-(4-((trimethylsilyl)ethynyl)phenoxy)phthalonitrile (4c).

It was synthesized upon modification of the original procedure described by us 15 that led to a significant improvement in yields. A solution of trimethylsilylacetylene (328 mg, 3.34 mmol) in triethylamine (20 mL) was added to a mixture of de 4-(4-bromophenoxy)phthalonitrile (4) (0.5 g, 1.67 mmol), palladium (tetrakis-triphenyl)phosphine (193 mg, 0.167 mmol) and copper iodide (159 mg, 0.835 mmol) under argon atmosphere. The mixture was heated at 60 °C during 2 hours. After addition of dichloromethane (30 mL), the organic layer was washed with brine (3×30 mL), saturated NH 4 Cl solution (3×30 mL), water (30 mL) and dried with MgSO 4 . The solvent was evaporated and the resulting oil was purified by column chromatography (hexane/AcOEt, 80:20) to obtain 4-(4-((trimethylsilyl)ethynyl)phenoxy)phthalonitrile (3) as a white powder (420 mg, 81%). 

4-(4-bromophenoxy)phthalonitrile (4d).

A mixture of 4-nitrophthalonitrile (1 g, 5.8 mmol), 3-bromophenol (1 g, 5.8 mmol) and potassium carbonate (1.6 g, 11.6 mmol) was stirred in DMF (20 mL) at room temperature during 2 hours. After addition of 20 mL of water, the resulting precipitate was filtered off and washed with water (3×10 mL). The white-pink solid obtain was dry under reduce pressure to afford compound 4 (1.73 g, 95%). Characterizations. Chromatography: compounds 4a -4d were purified on column chromatography using silica gel (60A, SDS) and a specific mixture of solvents as described in section 2. Zeta Potential: Zeta potential measurements were performed on a Zeta-Nanosizer (Malvern) into 10-2 M NaCl solutions. ESI-Q MS (ElectroSpray Ionisation-Quadripole Mass Spectroscopy): measurements were performed on LTQ Orbitrap XL (THERMO) coupled to HPLC Ultimate 3000 (DIONEX); 1 mg compound into 1 mL of appropriate solvent, diluted 100 times with methanol. Spectrofluorimetry: Fluorolog Jobin Yvon Horiba equipped with a Xe source. Fluorescence spectra for free ZnPc and conjugate 1a-c were recorded in THF, ethanol or dimethylsulfoxyde. Excitation was performed at 600 nm and emission spectrums were recorded for an absorbance at excitation wavelength between 0.03 and 0.07. Fourier Transformed InfraRed spectroscopy (FTIR): measurements were performed on a FTIR Bruker Vertex 70v spectrometer; samples were analyzed on KBr pellets, which were prepared as follows: KBr powder (150 mg) and powder sample (2 mg) were mixed and pressed. TiONts FTIR spectra were recorded and processed by OPUS software: depending on their nature, samples were analyzed as powders into dried KBr or as liquids through an ATR device. MALDI-TOF MS (Matrix-Assisted Laser Desorption/Ionization -Time of Flight Mass Spectroscopy). Measurements were performed on Ultraflex II LRF 2000 (BRUKER); matrix used: dithranol; 1 mg compound into 1 mL DMSO. NMR spectroscopy: Measurements were performed on a Bruker Dalton X, at 300 MHz ( 1 H), or 75 MHz ( 13 C) in CDCl 3 or DMSO-d 6 (ca. 5-10 mg/400 µL ( 1 H-NMR), and twice as much for 13 C-NMR). Chemical shifts are expressed in ppm relative to TMS (residual chloroform from deuterated chloroform chemical shift was set at 7.26 ppm, and residual dimethylsulfoxide from deuterated dimethylsufoxyde chemichal shift at 2.50 ppm). Surface area measurement: measurements were performed using a BELSORP-mini apparatus with N 2 gas adsorption. The BET method has been used in the calculation of surface area values (S BET ) from the isotherm of nitrogen adsorption. TEM: Transmission Electron Microscopy images were obtained from a JEOL JEM 2100 LaB 6 operating at 200 kV (point resolution 2.5 Å). The copper grids were dipped in dilute suspension of samples in ethanol and naturally dried. ThermoGravimetric Analysis (TGA): desorption of TiONts and decomposition of the organic compounds were studied by thermogravimetry (TGA DISCOVERY). This symmetric thermobalance is able to measure weight variations of 0.1 µg. Heating rate was 5°C up to 800°C N 2 (25 mL/min). Sample weight was 5-10 mg. UV-Visible spectroscopy: ZnPc, TiONts and TiONts-Pc 1a-1b spectra were obtained on a Shimadzu UV-2550 spectrophotometer. Free phthalocyanines 3a-3b and TiONts-Pc conjugate 1a-c spectra were recorded in DMSO in glass cuvettes 1x1x3 cm (1 cm path). Other samples were measured as particle suspensions into ultrapure water (resistivity 18 MΩ) when no otherwise stated. XPS: X-ray Photoelectron Spectroscopy data were recorded on a PHI Versaprobe 5000 device and Al-K α monochromatic radiation (1486.6 eV, 50 W with a 200-µm-diameter spot size) was used as X-ray source. Pass energy is 200 eV for spectra and 60 eV for windows (quantifications and curve fitting are obtained from windows acquisitions). Powder samples were prepared by pressing the sample powder on an indium sheet. Neutralization was used to minimize charge effects and the adventitious carbon C1s peak at 284.5 eV was used as the reference. The pressure in analysis chamber during acquisition is around 8.10 -8 Pa. Photoemission peak areas were calculated after background subtraction using a Shirley routine and all concentration calculations were done with Multipack software. Windows were decomposed into components by fitting with Gaussian (70%)-Lorentzien (30%) peaks. In the fitting procedure, Full-Widths at Half-Maximum (FWHMs) were set with Casa XPS software.

Conclusions

This work presented the successful functionalization step-bystep of TiONts up to three times using classical reactions of organic synthesis (silanization, acylation, cycloaddition) with the functional groups or molecules found at the TiONts surface: hydroxyl groups (bare TiONts), amine or carboxylic acid groups (first stage coating), azide groups (second stage coating), and phthalocyanines (second stage coating in 1a-b, third stage coating in 1c), respectively. The coupling methodology used, i.e. whether amide bond formation between TiONts-NH 2 2a and acid-Pc 3a, or TiONts-COOH 2b and amino-Pc 3b (leading to conjugates 1ab) or click chemistry 28 between TiONts-N 3 and alkyne-Pc proceeded equally well. However, the resulting conjugates 1a and 1b were not stable enough in water, whereas 1c was found to be reasonably more stable (Fig. S11). This may be because of the PEG-linker in 1c. Moreover, a satisfactory point in 1c is that click chemistry proceeds well, and only required watersoluble and easily removable copper catalyst and reducing agent, unlike amide bond formation in 1a-b (peptide coupling requires EDC and NHS). Indeed, the synthesis of 1c did not require the use of extra organic reagents, which is an asset for subsequent purification purposes. These reactions proceeded smoothly and each TiONts end-products were well identified and thoroughly characterized by an extensive number of spectroscopic techniques step-by-step. Based on preliminary 8 | J. Name., 2012, 00, 1--3
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Fig. 1

 1 Fig. 1 Three TiONts--Pc conjugates: three linkers.

Fig. 3

 3 Fig. 3 TEM images of bare titanate nanotubes and distribution of length, outer and inner diameter

Fig. 4

 4 Fig. 4 Characterization of TiONts-Pc 1c (from click coupling): (I) ζ--potential and (II) FTIR (both labeled: A: TiONts; B: TiONts-NH2 (2a); C: TiONts-N3 (2c); D: TiONts--Pc (1c); A, B and C being shown for comparison); (III) TiONts-Pc XPS contributions for nitrogen N1s; (IV) TiONts-Pc fluorescence; (V) TiONts-Pc TEM image.

  Nanohybrid 1a: XPS analysis showed that the C1s peak decomposes into three different contributions: C-C/C-H (284.5 eV, 62%), C-NH 2 (286.0 eV, 29%), (C=O)-N (287.8 eV, 9%) (Fig.S4).20 The C-C/C-H components have increased because of the presence of the A 3 B-ZnPc aromatics. The N1s peak is shared into three contributions: C-NH 2 (399.7 eV, 54%), C-NH 3 + (401.3 eV, 31%) and C-N Pc (398.3 eV, 15%).

Fig. 4

 4 Fig. 4 Coupling TiONts-X 2a--c and Pc-Y 3a--c to afford conjugates 1a--c. (i) EDC/NHS, DMSO, 48h, N2; (ii) CuSO4, AsNa, 75/25 (v/v) DMSO/H2O.

1 H

 1 NMR (300 MHz, DMSO-d 6 , 300 K): δ (ppm)= 7.45 (m, 2H); 7.62 (m, 2H); 7.85 (m, 2H); 8.10 (d, 3 J= 8.7 Hz, 1H); 13.23 (s broad, 1H). 13 C NMR (75 MHz, DMSO-d 6 , 300 K): δ (ppm)= 108.7; 115.3; 115.8; 116.8; 120.6; 122.4; 123.0; 124.7; 126.4; 131.0; 133.4; 136.3; 154.0; 160.6; 166.3. MS ESI-Q: m/z= 262.83 [M-H] -(calcd for C 18 H 9 N 4 O 2 + : 263.03).

  ZnPc+H] + (calcd for C 32 H 17 N 8 Zn + : 577.09), 683.82 [M+H] + (calcd for C 38 H 22 N 9 OZn + : 684.13). UV-Vis

	1 H NMR (300 MHz, DMSO-d 6 , 298 K): δ (ppm)= 6.86 (d, J=
	8.7 Hz, 2H); 7.24 (d, J= 8.7 Hz, 2H); 7.91 (m, 1H), 8.22 (m,
	18H); 8.57 (s, 1H); 9.17 (m, 1H); 9.30 (m, 18H). MS MALDI-
	TOF: m/z= 576.68 [
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  (calcd for C 32 H 17 N 8 Zn + : 577.09), 692.5 [M+H] + (calcd for C 40 H 21 N 8 OZn + : 693.11). UV-Vis (DMSO), λ max (nm) (.103 ε): 344 (41.3), 603 (21.3), 640 (19.5), 667 (142.2).

	1 H NMR (300 MHz, DMSO-d 6 , 298 K): δ (ppm) = 4.28 (s, 1H);
	7.55 (d, J= 8.0 Hz, 2H); 7.67 (d, J= 8.1 Hz, 1H); 7.81 (d, J= 8. 0
	Hz, 2H), 8.1 (m, 16H); 8.3 (s, 1H); 8.77 (d, J= 8.1 Hz, 1H);
	8.90 (m, 2H); 8.99 (m, 14H). MALDI-TOF MS: m/z= 576.23
	[ZnPc+H]

+ 

  J= 8.8 Hz, Hz, 1H); 7,6 (d, 4 J= 2.6 Hz, 1H); 8.02 (d, 3 J= 8.8 Hz, 1H). 13 C NMR (75 MHz, DMSO-d 6 , 300 K): δ (ppm)= 106.9; 114.9; 115.4; 116.0; 116.4; 120.7; 121.3; 121.4; 136.1; 143.0; 146.9; 162.2. MS ESI-Q: m/z= 233.87 [M-H] -(calcd for C 14 H 8 N 3 O: 234.07).

4

J= 2.6
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