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Blue Emitting Ligand Mediated Assembly of Rare-Earth MOFs Towards White-Light Emission, Sensing, Magnetic and Catalytic Studies

ABSTRACT:

New lanthanide Carboxylate compounds with two -and three -dimensional structure have been prepared employing 2, 5-bis(prop- The ligand emits in the blue region and using the characteristic emission of Eu 3+ (red) and Tb 3+ (green) ions, we have achieved white light emission in (Y0.96Tb0.02Eu0.02) -compound. The overall quantum yield for the white light emission is 28%. The strong green luminescence of the Tb 3+ containing compound was employed to selectively sense the Cr 3+ and Fe 3+ ions, in aqueous solution with the limit of detection (LOD) at 0.41 and 8.6 ppm, respectively. Tbcompound was found to be a good heterogeneous catalyst for the Ullman type O -Arylation reaction between phenol and bromoarene with yields of 95%. Magnetic studies on the Gd, Tb and Dy containing compounds showed weak exchange interactions within the dimeric Ln2 units. The present work demonstrates the many utilities of the rare earth containing MOFs, especially towards white -light emission, metal -ion sensing and heterogeneous catalysis. 

INTRODUCTION:

Metal-organic frameworks (MOFs) also known as coordination polymers (CPs) have been in the forefront of important hybrid materials during the last two decades. [1][START_REF]Introduction to Metal-Organic Frameworks[END_REF][3] Their large surface area, tunable porosity and functionality, have contributed towards the target specific guest-accessible applications in the areas of gas storage and capture, gas separation, catalysis, magnetism, drug delivery etc. [START_REF] Li | Porous Metal-Organic Frameworks for Gas Storage and Separation: What, How, and Why?[END_REF][START_REF] Lei | Constructing Redox-Responsive Metal-Organic Framework Nanocarriers for Anticancer Drug Delivery[END_REF][START_REF] Qiao | A Stable Y(III)-Based Amide-Functionalized Metal-Organic Framework for Propane/Methane Separation and Knoevenagel Condensation[END_REF][7][8][9][10][11][12][13][14][15] Recent research on luminescent MOFs, based on lanthanides, has been attracting considerable attention. Most of the early efforts on MOF compounds were focused on porous MOFs. The lanthanide MOFs, are attractive due to the high coordination numbers, which can be gainfully utilised to prepare compounds with unusual structure. [16][17][18][START_REF] Bernot | A Journey in Lanthanide Coordination Chemistry: From Evaporable Dimers to Magnetic Materials and Luminescent Devices[END_REF][START_REF] Theppitak | The Coordination Chemistry of Benzhydrazide with Lanthanide(Iii) Ions: Hydrothermal in Situ Ligand Formation, Structures, Magnetic and Photoluminescence Sensing Properties[END_REF][START_REF] Driscoll | Ionic Contraction across the Lanthanide Series Decreases the Temperature-Induced Disorder of the Water Coordination Sphere[END_REF][START_REF] Jiao | Exploiting Complementary Ligands for the Construction of Square Antiprismatic Monometallic Lanthanide SMMs[END_REF] In addition, the properties emerging from the f-f electronic transitions can lead to compounds having element specific emission with high quantum yield. The f-f transitions, and their emissions in general, are characteristically sharp giving brilliant colours. [START_REF] Han | Highly Chemical and Thermally Stable Luminescent EuxTb1-x MOF Materials for Broad-Range PH and Temperature Sensors[END_REF][START_REF] White | Near-Infrared Luminescent Lanthanide MOF Barcodes[END_REF][START_REF] Hao | A Europium(Iii) Based Metal-Organic Framework: Bifunctional Properties Related to Sensing and Electronic Conductivity[END_REF] The organic linkers employed in the preparation of rare earth MOFs can perform the role of the sensitizer by transferring the absorbed energy to the metal centre via inter-system crossing leading to characteristic emissions -the antenna effect. [START_REF] Beltrán-Leiva | The Role of the Excited State Dynamic of the Antenna Ligand in the Lanthanide Sensitization Mechanism[END_REF][START_REF] Uh | Novel Antennae for the Sensitization of near Infrared Luminescent Lanthanide Cations[END_REF][START_REF] Ramya | Highly Luminescent and Thermally Stable Lanthanide Coordination Polymers Designed from 4-(Dipyridin-2-Yl)Aminobenzoate: Efficient Energy Transfer from Tb3+ to Eu3+ in a Mixed Lanthanide Coordination Compound[END_REF][START_REF] Sarma | Structure and Optical Studies of a Family of Three-Dimensional Rare-Earth Aminoisophthalates [M(Μ2-OH)(C8H5NO4)] (M = Y3+, La3+, Pr3+, Nd3+, Sm3+, Eu3+, Gd3+, Dy3+, and Er3+)[END_REF][START_REF] Xu | Recent Advances in Lanthanide Luminescence with Metal-Organic Chromophores as Sensitizers[END_REF] The Lanthanide ions exhibits specific luminescence when excited suitably. Thus, Eu 3+ ions give red colour, Tb 3+ ions exhibit green colour and Tm 3+ ions exhibit blue colour. It has been shown that a combination of these ions in an inert host can give rise to white light emission and much studies have been carried out in this direction. [START_REF] Zhang | Synthesis and Photoluminescence of Double Perovskite La2LiSbO6:Ln3+ (Ln= Eu, Tb, Tm, Sm, Ho) Phosphors and Enhanced Luminescence of La2LiSbO6:Eu3+ Red Phosphor via Bi3+ Doping for White Light Emitting Diodes[END_REF][START_REF] Zhang | Tunable White-Light Emission via Energy Transfer in Single-Phase LiGd(WO4)2:Re3+ (Re = Tm, Tb, Dy, Eu) Phosphors for UV-Excited WLEDs[END_REF][START_REF] Zhang | Solvated Lanthanide Cationic Template Strategy for Constructing Iodoargentates with Photoluminescence and White Light Emission[END_REF] The white light emitting materials find wide applications in lasers, indicators, displays etc. [START_REF] Fred | Solid-State Light Sources Getting Smart[END_REF][START_REF] Ma | Structures, Tunable Emission and White Light Emitting Eu3+ and Tb3+ Doped Lanthanide Metal-Organic Framework Materials[END_REF][START_REF] Carlos | Progress on Lanthanide-Based Organic-Inorganic Hybrid Phosphors[END_REF] The white-light has also been produced by the combination of dichromatic components (blue and yellow) [START_REF] Yang | Pure White-Light and Yellow-to-Blue Emission Tuning in Single Crystals of Dy(Iii) Metal-Organic Frameworks[END_REF][START_REF] Wei | A White-Light-Emitting LnMOF with Color Properties Improved via Eu3+ Doping: An Alternative Approach to a Rational Design for Solid-State Lighting[END_REF][START_REF] Lee | Using Nanoimprint Lithography to Improve the Light Extraction Efficiency and Color Rendering of Dichromatic White Light-Emitting Diodes[END_REF][START_REF] Peña-Rodríguez | Doping of a Zn-MOF with Eu3+ and Tb3+ for Application in the Manufacture of a WLED[END_REF][START_REF] Haldar | Anthracene-Resorcinol Derived Covalent Organic Framework as Flexible White Light Emitter[END_REF][START_REF] Chen | White-Light-Emitting Lanthanide Metallogels with Tunable Luminescence and Reversible Stimuli-Responsive Properties[END_REF] and also by trichromatic components (red, green and blue) [START_REF] Strukelj | Organic Multilayer White Light Emitting Diodes[END_REF][START_REF] Praveen | White-Light-Emitting Supramolecular Gels[END_REF][START_REF] Xu | White-Light Emission Based on a Single Component Sm(Iii) Complex and Enhanced Optical Properties by Doping Methods[END_REF][START_REF] Bhim | Tuning the Langasite, La3SbZn3Si2O14, towards White Light Emission: Synthesis, Structure, SHG and Photoluminescence Studies[END_REF] . In the trichromatic approach, the MOF exhibits a blue emission and the red and green emissions are generated by substitutions employing Eu 3+ and Tb 3+ ions in the host. [START_REF] Sheu | Warm-White Light-Emitting Diode with High Color Rendering Index Fabricated by Combining Trichromatic InGaN Emitter with Single Red Phosphor[END_REF][START_REF] Ma | Structures, Tunable Emission and White Light Emitting Eu3+ and Tb3+ Doped Lanthanide Metal-Organic Framework Materials[END_REF][START_REF] Xu | Eu3+/Tb3+ Functionalized Bi-Based Metal-Organic Frameworks toward Tunable White-Light Emission and Fluorescence Sensing Applications[END_REF][START_REF] Rao | Color Tunable and White Light Emitting Tb3+ and Eu3+ Doped Lanthanide Metal-Organic Framework Materials[END_REF] This combination gives rise to white light emission.

Another area which attracted the attention of many researchers working with MOFs is sensing of metal ions. [START_REF] Tajik | Performance of Metal-Organic Frameworks in the Electrochemical Sensing of Environmental Pollutants[END_REF][START_REF] Li | Nanocage-Based N-Rich Metal-Organic Framework for Luminescence Sensing toward Fe3+ and Cu2+ Ions[END_REF][START_REF] Chand | Porous Anionic Co(II) Metal-Organic Framework, with a High Density of Amino Groups, as a Superior Luminescent Sensor for Turnon Al(III) Detection[END_REF][START_REF] Fajal | Unfolding the Role of Building Units of MOFs with Mechanistic Insight Towards Selective Metal Ions Detection in Water**[END_REF][START_REF] Yan | Two Lanthanide Metal-Organic Frameworks as Remarkably Selective and Sensitive Bifunctional Luminescence Sensor for Metal Ions and Small Organic Molecules[END_REF] Of the many metal ions Cr 3+ and Fe 3+ ions, has important role in biological activity. Iron and Chromium are extensively employed in electroplating, paints, tanning and steel manufacturing. [START_REF] Singh | VI) Removal in Acidic Aqueous Solution Using Iron-Bearing Industrial Solid Wastes and Their Stabilisation with Cement[END_REF][START_REF] Zhitkovich | Chromium in Drinking Water: Sources, Metabolism, and Cancer Risks[END_REF][START_REF] Zongo | Removal of Hexavalent Chromium from Industrial Wastewater by Electrocoagulation: A Comprehensive Comparison of Aluminium and Iron Electrodes[END_REF][START_REF] Razavi | Ultrasonic Assisted Synthesis of a Tetrazine Functionalized MOF and Its Application in Colorimetric Detection of Phenylhydrazine[END_REF][START_REF] Rodriguez-Proteau | Toxicity Evaluation and Human Health Risk Assessment of Surface and Ground Water Contaminated by Recycled Hazardous Waste Materials[END_REF] It is necessary that the detection of these in the effluents of the above industries to treat them for safer disposal. The unique emission behaviour of the lanthanide ions can be utilised for the detection of those elements by employing fluorimetry. [START_REF] Hao | Amino-Decorated Lanthanide(Iii) Organic Extended Frameworks for Multi-Color Luminescence and Fluorescence Sensing[END_REF][START_REF] Huang | An Efficient Blue-Emissive Metal-Organic Framework (MOF) for Lanthanide-Encapsulated Multicolor and Stimuli-Responsive Luminescence[END_REF][START_REF] Xu | An -OH Group Functionalized MOF for Ratiometric Fe3+ Sensing[END_REF][START_REF] Hao | One-Dimensional Channel-Structured Eu-MOF for Sensing Small Organic Molecules and Cu2+ Ion[END_REF][START_REF] Ge | A Luminescent Eu(III)-MOF for Selective Sensing of Ag+ in Aqueous Solution[END_REF][START_REF] Cui | Anionic Lanthanide Metal-Organic Frameworks: Selective Separation of Cationic Dyes, Solvatochromic Behavior, and Luminescent Sensing of Co(II) Ion[END_REF][START_REF] Du | Missing-Linker Engineering of Eu (III)-Doped UiO-MOF for Enhanced Detection of Heavy Metal Ions[END_REF] The MOFs have found a number of applications in the area of heterogeneous catalysis. Both Lewis acid and base catalysis as well as Brönsted acid catalysis have been carried out employing different MOFs. [START_REF] Trickett | Identification of the Strong Brønsted Acid Site in a Metal-Organic Framework Solid Acid Catalyst[END_REF][START_REF] Zhou | Cleaving DNA-Model Phosphodiester with Lewis Acid-Base Catalytic Sites in Bifunctional Zr-MOFs[END_REF][START_REF] Vermoortele | Electronic Effects of Linker Substitution on Lewis Acid Catalysis with Metal-Organic Frameworks[END_REF][START_REF] Hall | Metal-Organic Framework MIL-100 Catalyzed Acetalization of Benzaldehyde with Methanol: Lewis or Brønsted Acid Catalysis?[END_REF][START_REF] Yadav | Metal-Organic Frameworks as Platform for Lewis-Acid-Catalyzed Organic Transformations[END_REF][START_REF] Li | Evolution of a Metal-Organic Framework into a Brønsted Acid Catalyst for Glycerol Dehydration to Acrolein[END_REF] Many important, multi-component green catalysis have been attempted successfully using MOFs. One such reaction is Ullman type coupling for the synthesis of diaryl ethers. [START_REF] Beletskaya | Copper in Cross-Coupling Reactions: The Post-Ullmann Chemistry[END_REF][START_REF] Ullmann | Ueber Eine Neue Darstellungsweise von Phenyläthersalicylsäure[END_REF][START_REF] Tye | Copper(I) Phenoxide Complexes in the Etherification of Aryl Halides[END_REF] Buchwald and Hartwig employed Pd-catalysts for the reaction between aryl halides and phenols. [START_REF] Platon | Etherification of Functionalized Phenols with Chloroheteroarenes at Low Palladium Loading: Theoretical Assessment of the Role of Triphosphane Ligands in CO Reductive Elimination[END_REF][START_REF] Aranyos | Novel Electron-Rich Bulky Phosphine Ligands Facilitate the Palladium-Catalyzed Preparation of Diaryl Ethers[END_REF][START_REF] Wolfe | Rational Development of Practical Catalysts for Aromatic Carbon-Nitrogen Bond Formaeon[END_REF][START_REF] Dorel | The Buchwald-Hartwig Amination After 25 Years[END_REF] Many C-O coupling reactions are also known using transition metal catalysts. [START_REF] Maity | A Family of Ligand and Anion Dependent Structurally Diverse Cu(Ii) Schiff-Base Complexes and Their Catalytic Efficacy in an O-Arylation Reaction in Ethanolic Media[END_REF][START_REF] Dhakshinamoorthy | Catalysis by Metal-Organic Frameworks in Water[END_REF][START_REF] Esrafili | Development of Porous Cobalt-/Copper-Doped Carbon Nanohybrids Derived from Functionalized MOFs as Efficient Catalysts for the Ullmann Cross-Coupling Reaction: Insights into the Active Centers[END_REF] The use of the rare earth elements as catalysts for this type of reaction have not been explored much.

In the present study, new series of metal organic framework compounds based on lanthanides, has been prepared employing 2, 5-bis (prop-2-yn-1-yloxy)terephthalic acid (2,5 BPTA) as a ligand. Among the Ln III lanthanides, Y, Pr, Nd, Sm, Eu, Gd, Tb and Dy form in a two-dimensional structure with a formula of [Ln(C14H8O6)(C7O3H4)•2H2O]•4(H2O). The La and Ce containing ones form with a three-dimensional structure having the formula of [Ln(C7O3H4)3.(C3H7ON).(H2O)]•2(H2O)(C3H7NO). The Pr containing compound can be prepared in both the two -and three -dimensional structures. The present compounds were investigated for white light emission by substituting Eu 3+ and Tb 3+ ions in the Y containing compound. A strong white light emission was observed for 2% substitution of Eu 3+ and Tb 3+ ions. The Tb-compound was explored for sensing of metal ions and exhibited selective sensing of Cr 3+ and Fe 3+ ions. The C-O coupling reaction between aryl halide and phenols gave diaryl ether products with good conversions and yield. In this paper, we present the synthesis, structure, luminescent, sensing and catalytic behaviour of the rare-earth MOF compounds.

EXPERIMENTAL SECTION Materials:

The chemicals required for the synthesis of the compounds: La(NO3)2.xH2O (Ln= Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy) propargyl bromide (80 wt% in toluene, 0.3% magnesium oxide as stabilizer) (Sigma-Aldrich); the compounds for the catalytic studies and 2, 5dihyroxyterephthalic acid (TCI); THF, DMF, EtOH, KOH, MeOH, HCl (SDfine, India). The water used was double distilled through a Millipore membrane. All the chemicals were used as purchased without any further purifications.

Syntheses:

Synthesis of 2, 5-bis(prop-2-yn-1-yloxy)terephthalic acid (2,5 BPTA):

2,5-bis(prop-2-yn-1yloxy)terephthalic acid (2,5 BPTA) was prepared using a procedure reported elsewhere. [START_REF] Schneemann | Influence of Solvent-Like Sidechains on the Adsorption of Light Hydrocarbons in Metal-Organic Frameworks[END_REF] 

Synthesis of [Ln(C14H806)(C7H4O3)•2H2O]•4(H2O); (Ln = Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy) and [Ln(C7O3H4)3.(C3H7ON).(H2O)]•2(H2O)(C3H7NO) (M=La, Ce, Pr):

All the compounds were prepared by the sequential layering of three different solutions. Thus, the ligand 2,5-BPTA (0.05 mmol, 0.013 g) was dissolved in 1 mL of N,N-DMF (Solution A). The lanthanide nitrates, Ln(NO3)2•xH2O, (0.05 mmol , ~0.020 g) was dissolved in 1 mL water (Solution C). Buffer solution (1 mL) was prepared by mixing 1:1 H2O and DMF (Solution B). In a Teflon-capped reaction vessel, solution C (1 mL) containing the lanthanide salt was added at the bottom. Then, 1 mL of solution B was carefully layered on the top of solution C followed by the addition of 1 mL of solution A. The reaction vessel was closed with a cap, and kept undisturbed in an oven at 75 ºC for 3-6 days. In the case of La, Ce and Pr, large amount of cubic block shaped crystals were isolated after 2-3 days. The remaining lanthanides, including Y, gave products with similar morphology after 6 days. Except for Nd (light purple) and Pr (light green), the remaining crystals were found to be yellowish in colour. We made attempts to prepare 2D analogues of La and Ce and also the 3D analogue of the remaining lanthanides by carrying out many variations of the reaction conditions. During this effort, we were successful in converting the 2D analogue of Pr compound into the 3D structure by keeping the 2D crystals in 1:1 mixture of DMF and water solution at 75 °. In spite of our best efforts, we could not convert any other compound from 2D to3D or vice versa. The crystals were separated by filtration after washing with water, it was dried under vacuum condition. The yield in all cases was found to be in the range of ~60 -70 % with respect to the lanthanide ions. Elemental analysis for all the compounds is listed in Table S1. Powder X-ray diffraction (PXRD) studies (Figure S1) has confirmed the phase purity of the prepared samples. The mixed metal compounds were also prepared employing a similar procedure (Figure S2,S3).

INITIAL CHARACTERIZATION:

Initial characterization of all the compounds were characterised employing a number of techniques. PXRD patterns were recorded using Cu Kα radiation (PANalytical, Empyrean,

λ = 1.5418 Å) (Figure S1, S2, S3
). The UV-Vis spectra were recorded using PerkinElmer Lambda 950 UV/vis double beam spectrometer at room temperature (Figure S4). Infrared (IR) spectra were recorded at room temperature (PerkinElmer Spectrum 1000) (Figure S5).

Elemental analyses (carbon, oxygen, hydrogen, and nitrogen) were performed in a Thermo Finnigan EA Flash 1112 Series. PerkinElmer Optima 2000DV spectrometer has been used to perform ICP-OES study. Thermogravimetric analysis (TGA) (Metler-Toledo) was carried out in an N2 atmosphere (flow rate = 40 mL/min) in the temperature range 30-800 °C (heating rate = 5 °C/min) (Figure S6, S7). The photoluminescence studies were carried out at room temperature (Horiba Fluoromax Plus). Employing an Edinburgh Instruments, FLS 920 spectrofluorometer Luminescence decay studies were carried out. Absolute solid-state quantum yields were measured with a calibrated Horiba JOBIN YVON integrating sphere. 1 H NMR data were collected using a Bruker 400 MHz spectrometer. Chemical shifts are reported in ppm using tetramethylsilane as the internal reference. High resolution mass spectra were obtained from Q-TOF instrument by electrospray ionization (ESI). JEOL JSM-6500F has been used to record SEM and EDX data. Magnetic measurements for all the samples were carried out with a Quantum Design MPMS 5S SQUID magnetometer in the temperature range 2-300 K. The measurements were performed on polycrystalline samples kept in gelatin capsules. The crystalline powders of the complexes of Tb and Dy were mixed with grease. The temperature dependence of the magnetization was measured in an applied field of 1kOe and the isothermal field dependence of the magnetizations were collected up to 5 T. The molar susceptibility (χM) was corrected for sample holder, grease and for the diamagnetic contribution of all the atoms by using Pascal's tables. AC susceptibility data have been collected for AC frequency of 997 Hz, with and without applied field of 1 kOe Single crystal structure determination.

The single crystal structure was determined at 100 K using a Bruker SMART APEX CCD X-ray diffractometer (graphite-monochromator, λ = 0.71073 Å). The cell refinements and absorption corrections were carried out by SAINT 85 and SADABS 86 programs. Direct methods were used to solve the structure using SHELXL2018 suite of programs. 87 The guest molecules were disordered and the SQUEEZE option in PLATON was employed for the compounds 9 -11. [START_REF] Spek | [END_REF] After the squeeze routine, 57, 55 and 51 electrons per asymmetric unit were found to be squeezed that corresponded to one DMF and two H2O molecules. A summary of crystal data and the relevant refinement parameters for compounds 1-8 and 9-11 are presented in Table 1 and Empirical formula

[Y(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Pr(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Nd(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Sm(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Eu(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Gd(C14H8O6) (C7O3H4)•2H2 O]•4(H2O) [Tb(C14H8O6) (C7O3H4)•2H2 O]•4(H2O)
[Dy(C14H8O6) (C7O3H4) 

R1 = ∑ ||Fo| -|Fc ||/∑ |Fo|; wR2 = {∑ [w(Fo 2 -Fc 2 )]/ ∑ [w(Fo 2 ) 2 ]} 1/2 . w = 1/[ρ 2 (Fo) 2 + (aP) 2 + bP]. P = [max (Fo, O) + 2(Fc) 2 ]
R1 = ∑ ||Fo| -|Fc ||/∑ |Fo|; wR2 = {∑ [w(Fo 2 -Fc 2 )]/ ∑ [w(Fo 2 ) 2 ]} 1/2 . w = 1/[ρ 2 (Fo) 2 + (aP) 2 + bP]. P = [max (Fo, O) + 2(Fc) 2 ]

UV -Vis and IR investigations:

The room temperature UV-Vis spectra of the ligand (Figure S4) showed absorption bands corresponding to the л-л * (278 nm) and the n-л * (340 nm) transitions. Compound 1-11 exhibited a small red-shift in the UV-Vis spectra of both the л-л * and n-л * transitions at 280 and 320-350 nm. In addition to the ligand-centred transitions, the characteristic lanthanide f-f transitions are observed (Table S6). Similar absorptions have been observed before. [START_REF] Wang | Remarkable Changes in the Optical Properties of CeO2 Nanocrystals Induced by Lanthanide Ions Doping[END_REF][START_REF] Choppin | Applications of Lanthanide Luminescence Spectroscopy to Solution Studies of Coordination Chemistry[END_REF] Infrared (IR) Spectroscopic Studies:

The IR spectra (Figure S5) of the ligand, 2, 5 BPTA and the compounds were recorded at room temperature. The IR bands are in the range expected for the various moieties in the structure.

The important observed IR bands and their corresponding assignments are given in Table S7. [START_REF] Guo | Reinvestigation on the Catalytic Lsomerisation of Carbon-Carbon Triple[END_REF] 

Thermal Studies:

Thermogravimetric analysis (TGA) on all the compounds has been carried out from 30-800 °C in N2 flow (heating rate = 5 ○ C/min, Figure S6 andS7). The thermal decomposition behaviour of all the two-dimensional compounds were found to be similar (Figure S6). For example, the Tb compound (7), a weight loss of ~14.8% was observed in the region of 100 -150 °C, which corresponds to the loss of six water molecules that indicates both the lattice water and coordinated one (calc. 16%). A second and continuous weight loss in the broad temperature range of 250-500 °C, corresponds to the decomposition of all the organic moieties.

For the three-dimensional compounds, for example the Ce-Compound (10), a weight loss of 4.5% in the temperature range of room temperature to 70 °C corresponds to the loss of two uncoordinated water molecules (calc. 4.8%). The weight loss of 11.1% at ~ 220 °C corresponds to the loss of one uncoordinated DMF and one coordinated H2O molecules (calc. 12.1%).

Further broad and gradual weight loss in the temperature range of 220-700 °C corresponds to all the solvent molecules along with the elimination of the organic molecules (Figure S7). The final calcined product for all the compounds was found to be the corresponding oxides of the lanthanides (Figure S8). The compounds [Ln(C14H806)(C7H4O3)•2H2O]•4(H2O), 1-8 (Ln = Y, Pr, Nd, Sm, Eu, Gd, Tb, Dy) has two dimensional structure. For example, the structure of Yttrium compound (1) would be described here. The asymmetric unit contains 36 non-hydrogen atoms with one crystallographically independent Y 3+ ion and one and half 2, 5, BPTA anion (Figure S9a). The acid, 2,5 BPTA can be classified into two different types (acid-1 and acid-2) (Figure S9b). 7)° (av: 85.95°) [START_REF] Zhang | Characterization and Molecular Structures of Yttrium Trifluoroacetate Complexes with O-and N-Donors: Complexation vs. Hydrolysis[END_REF][START_REF] Thirumurugan | Structure and Luminescent Properties of Yttrium Benzene Dicarboxylates with One-and Three-Dimensional Structure[END_REF] The selected bond distances and angles for the 2D MOF compounds from 1-8 are listed in Table S2. Of the two acids, acid 1 connects to four Y-centres through the carboxylate oxygens and acid-2 connects to three Y-centres (Figure S9b). The two-dimensional structure can be explained by considering smaller building units. Thus, the yttrium polyhedral units are connected through a common edge with another Y through a µ3 coordinated oxygen (O( 6)) forming a dimer (Figure 1a). The dimers are, connected to each other through the 2,5 BPTA ligand (acid-1) forming a one-dimensional chain (Figure 1b). A similar one-dimensional chain is formed through the acid-2 (Figure 1c). The connectivity between these two one dimensional chains results in a two-dimensional layer (Figure 1d). Inter layer hydrogen bond interactions between the alkyne H(1) and the carboxylate oxygen, O(5) are present in the structure (Figure 2a). The simplified structure is given in Figure 2b. The coordinated water molecules along with the lattice water molecules occupy spaces in between the layers (Figure S11). The water molecules also interact with the layers through the H bond interaction. (Figure S11). The compounds [Ln(C7O3H4)3(C3H7ON)(H2O)]•2(H2O)(C3H7NO) (Ln = La(9), Ce (10), Pr (11)) has three dimensional structure. As a representative example, the structure of Lanthanum compound (9) would be described here. The asymmetric unit contains 37 nonhydrogen atoms with one crystallographically independent La 3+ ion and one and half 2,5-BPTA anion (Figure S12a). The acid, 2,5-BPTA can be classified to be of three different types (acid-1, acid-2 and acid-3). There is one water molecule and one DMF molecules present in the asymmetric unit, both of them are coordinated [O(100) and O(DMF)].

RESULTS AND DISCUSSION

The La 3+ ion is surrounded by nine oxygen atoms with a distorted monocapped square antiprismatic arrangement (Figure S10b). Of the nine oxygens, two oxygens, O(100), and O(DMF) are coordinated water and DMF molecules, and the remaining seven oxygens are from the carboxylate group. Among the carboxylate oxygens, O(6) has a µ3 connectivity connecting two metal centres and a carbon, and all the remaining have µ2 connectivity (one metal centre and one carbon atom). The La-O bonds have distances in the range of 2.444 (4)-2.647(4) Å (av: 2.557 Å), and the O-La-O bond angles are in the range of 49.32(12)-149.09 ( 14)° (av: 95.47°). [START_REF] Matuszewski | The Crystal Structure of Lanthanum Metaphosphate LaP3O9[END_REF][START_REF] Plessius | Highly Selective Water Adsorption in a Lanthanum Metal-Organic Framework[END_REF][START_REF] Palenik | Bond Valence Sums in Coordination Chemistry Using Oxidation State Independent R(0) Values. A Simple Calculation of the Oxidation State of Titanium in Complexes Containing Ti-N, Ti-O, and Ti-Cl Bonds[END_REF] The selected bond distances and angles for all the compounds are listed in Table S4. Of the three acids, acid-1and acid-3 connects to four La-centres through the carboxylate oxygens and acid-2 connects to two La -centres (Figure S11b).

The three-dimensional structure can be explained by considering smaller building units.

Thus, the lanthanum polyhedral units are connected through a µ3 coordinated oxygen (O( 6)) forming a dimer (Figure 3a). The dimers are, connected to each other through the 2,5-BPTA ligand (acid-1) forming a one-dimensional chain (Figure 3b). Another one-dimensional chain are connected through acid-2 forming a two-dimensional layer (Figure 3c). The twodimensional layers are connected through acid-3 giving rise to the observed three dimensional structure (Figure 3d, S13). In the present study, we have stabilized the prepared rare-earth carboxylates with twoand three-dimensional structures. The larger lanthanides, La, Ce and Pr forms in a threedimensional structure and the remaining lanthanides including Y forms with a two-dimensional structure. The praseodymium compound forms in both the two-and three-dimensional structure. From the synthetic point of view, the Pr compound with a two-dimensional structure was isolated within 48 h of the reaction and the three-dimensional structure results when prolonging the reaction to 5-6 days. This observation suggests that the two-dimensional structure would be a precursor to the three dimensional one. Normally, it is observed that, when there is a change in dimensionality in lanthanide structures, there is a coordination change. [START_REF] Sarma | Structure and Optical Studies of a Family of Three-Dimensional Rare-Earth Aminoisophthalates [M(Μ2-OH)(C8H5NO4)] (M = Y3+, La3+, Pr3+, Nd3+, Sm3+, Eu3+, Gd3+, Dy3+, and Er3+)[END_REF] In the present structures, we did not observe any coordination changes in the central metal. The geometry around the lanthanide ions changes from tricapped trigonal prism (2D structures) to mono-capped square antiprismatic (3D structures), which suggests a level of distortion in the 3D structure compared to the 2D structures. In the 3D structure, the lanthanide ion is coordinated by both the solvent molecules (DMF and H2O) whereas in the 2D structures, only the H2O molecule is coordinated. The number of acid molecules present in 2D and 3D structures are also different. In the former, there is only two acid moieties, whereas in the latter, there are three acid moieties. A combination of all the above probably resulted in the change in the overall dimensionality of the structures. Change in the dimensionality of the structure due to coordination variation of the lanthanides have been known. [START_REF] Xia | Twoand Three-Dimensional Lanthanide Complexes: Synthesis, Crystal Structures, and Properties[END_REF][START_REF] Hasegawa | Luminescent Lanthanide Coordination Polymers with Transformative Energy Transfer Processes for Physical and Chemical Sensing Applications[END_REF][100][101] Changes in the mode of connectivity between the acid and the lanthanide ions, observed in the present structures, appears to have given rise to differences in the dimensionality. 102 The present observations appear to be new and underlines the subtitles involved in the preparation of these compounds.

More careful studies would be required to understand and correlate the relationships between the synthesis conditions, co-ordination geometry and mode of binding between the acids and central metal ions.

Photoluminescence investigation:

It is known that the lanthanides exhibit sharp electronic transition transitions, but needs to be sensitized by molecules having π-systems. 103 Due to the low molar absorptivity of the lanthanides, direct excitation produces weak emission spectra. Enhanced emission from rare earth ions can result when the metals are complexed or chelated with organic moieties that can efficiently absorb and transfer the energy. Direct excitation of the ligand to a singlet state followed by an intersystem crossing (ISC) to a triplet state and a nonradiative energy transfer occurs to the lanthanide ion result in the characteristic emission from the rare earth metal. The excited lanthanide ion can emit a photon or relax via a series of nonradiative processes. This effect is commonly known as the "antenna effect". 104 The emission spectra of the Ligand, 2, 5 BPTA exhibits a broad emission centred around 428 nm. The compounds containing the rare earth ions, exhibit a broad emission band centred at 400-500 nm, when excited using a wavelength of 320 nm. This emission would be due to the intra-ligand luminescence (π* → n or π* → π) (Figure S14).

For Compound 4 (Sm), and 8 (Dy), in addition to the ligand centric emissions, peaks at 568 and 606 nm were observed (λex=320 nm). These peaks are due to the f-f transitions and for 4 (Sm), 4 G5/2 → 6 H5/2, 6 H7/2 transitions. For the Dy compound (8) the peaks corresponds to F9/2 → 6 HJ , where J=15, 13, 11 (Figure S14). 105 It is well established that the Eu 3+ and Tb 3+ ions exhibit characteristic emissions. In the present case, we observed red, green and blue emissions for (Ln = Eu 3+ (5), Tb 3+ (7), and Y 3+

(1)) (Figure 4). The luminescence spectra of the Y-MOF compound exhibit a blue emission in the range of 400-460 nm when excited using a wavelength of 345 nm. This is a ligand centred emission and can be assigned to the intra-ligand electronic transitions (π* → π transition). The luminescence spectrum of the Eu compound exhibits a strong red emission upon excitation at 345 nm. The observed emission bands at 590, 617, 650 and 695 nm can be assigned to the 5 D0 → 7 F1, 5 D0 → 7 F2, 5 D0 → 7 F3 and 5 D0 → 7 F4 transitions, respectively. Similarly, the Tb compound exhibits strong green emission in the visible region upon excitation at 352 nm. The observed emission bands at 488, 544, 585 and 620 nm can be assigned to the 5 D4 → 7 F6, 5 D4 → 7 F5, 5 D4 → 7 F4 and 5 D4 → 7 F3 transitions, respectively. It is to be noted that the excitation spectra (the dashed line) are characterized by the broad absorption bands in the ultraviolet region centred at about ~350 nm. This indicates that the compounds absorb the ultraviolet light and then sensitize the emission of lanthanides by efficient energy transfer. The ligand exhibits a red shift as well as enhanced intensity when excited at 345 nm. This may be attributed to the increased rigidity of the ligand upon coordination with the lanthanide ion. The ligand rigidity would help in reducing the loss of energy that occurs through radiation less decay during the emission. In case of Y compound, the emission exhibits a red shift as well as enhanced intensity when excited at 345 nm. It may be noted that the ligand-centred emission almost vanishes in the luminescence spectra of the Tb and the Eu compounds. This indicates that the ligand serves as an excellent chromophore for sensitizing the lanthanide ions. Similar observations have been reported previously. 104,106 We have measured the lifetime of the 5 D0 (Eu 3+ ), 5 D4 (Tb 3+ ) and Y 3+ at ambient temperatures (298 K) by monitoring the 5 D0 → 7 F2 (Eu 3+ ) and 5 D4 → 7 F5 (Tb 3+ ) transitions, respectively (Figure S15). Our studies indicated that the lifetime values for the Ycompound is larger (1.323 ms) compared to the 5 D0 lifetime of Eu (τ = 351 μs), and 5 D4 lifetime of Tb (811.6 μs). The reduced lifetime of the excited state in case of Eu 3+ and Tb 3+ ions could be due to the non-radiative decay associated with the vibronic coupling with the coordinated water molecules. Similar lowering of the lifetime has also been observed before. 107,108

White light emission studies:

During this study, we established strong luminescence in the blue (Y), red (Eu) and green (Tb) region of the visible range. It has been shown that optimizing the conditions (combination of red, green and blue colour) would lead to the white light emission.

To observe the white light emission, we prepared a series of Tb 3+ and Eu 3+ substituted Y compound by varying concentrations. The luminescence studies indicated that, at the concentrations of 5% Tb 3+ and 9% of Eu 3+ substitutions in the Y compound, the spectra exhibit the maximum (Figure S16,S17). Once the maximum intensity in the emission spectra is established, we made attempts to co-substitute both the Tb 3+ and Eu 3+ in the Y compound starting from a low concentration. Thus, 2% of Tb 3+ substituted compound was taken as the base compound and varied the concentrations of the Eu 3+ ion (0%, 0.5%, 1%, 2%, 3%, 4%).

The co-substituted compounds were excited employing λ=345 nm. We observed a gradual change of the colour to reach white light at 2% substitution of Eu 3+ (Figure 5). The CIE chromaticity coordinates of the Y0.98-xTb0.02Eux -compound (x = 0, 0.5, 1.0, 2.0, 3.0, 4.0) also confirms the white light emission for 2% Eu 3+ substitution (Figure 6, Table S8). Increase in the concentration of Eu 3+ (x = 0 to 4) in the Y0.98Tb0.02 compound also enhances the emission intensity of the red luminescence. It may be noted that the emission intensity of Tb 3+ decreases consistently on increasing the concentration of Eu 3+ , which suggests that there could be an energy transfer from Tb 3+ to Eu 3+ ions. It is well established that the luminescence intensities of the rare-earth ions can be modified by efficient energy transfer between the ions by simultaneous substitutions in a suitable host. The transfer of energy between the Tb 3+ and the Eu 3+ has been known as the emissions of Tb 3+ ions overlap with the absorption of Eu 3+ ions. The spectral overlap between the excitation spectra of Eu 3+ substituted Y compound and the emission spectra of Tb 3+ substituted Y compound suggests that there is energy transfer between Tb 3+ and Eu 3+ (Figure S18). The excitation spectrum of the Y0.98-xTb0.02Eux -compound (x = 4%) was measured by monitoring the emission of Eu 3+ 5 D0 → 7 F2 transition at 616 nm, which exhibited not only the ligand-based transition and f-f transitions of the Eu 3+ ions, but also the 7 F6 → 5 D4 (488 nm) transition of the Tb 3+ ions (Figure S19a). Similarly, the emission spectra of Y0.98-xTb0.02Eux-compound (x=4%), (λex=488 nm), gives peaks corresponding to the Eu 3+ ions, which also indicates efficient energy transfer between the Eu 3+ and Tb 3+ metal centres (Figure S19b). To investigate the energy transfer from Tb 3+ to Eu 3+ ions, the fluorescence decay curves of the Tb 3+ in Y0.98-xTb0.02Eux-compound (0 < x < 4.0) (λex 345 nm) were monitored following the emission of Tb 3+ ions at 544 nm. (Figure 7). The average lifetime of the Tb 3+ ions decrease with increasing Eu 3+ concentration, which are 0.83, 0.75, 0.72, 0.67, 0.64 and 0.59 ms for x = 0, 0.5, 1.0, 2.0, 3.0 and 4.0, respectively. This clearly indicates and demonstrates that there is an efficient energy transfer from the Tb 3+ to the Eu 3+ ions in Y0.98-xTb0.02Eux-MOF compound (0 < x < 4.0). It is known that the lanthanides are sensitized using π conjugated organic molecules.

The process involves excitation to the excited state singlet (S1) followed by inter-system crossing to the triplet state (T1) before returning to the ground state by having characteristic emission. In the present compound, Y0.98-xTb0.02Eux (x = 0, 0.5, 1.0, 2.0, 3.0 and 4.0), the Y-MOF was found to exhibit blue emission (Figure 4). When co-substituted by Tb 3+ and Eu 3+ ions, the ligand centred triplet state (T1) transfers the energy to the Tb 3+ ions ( 5 D4) to result in characteristic Tb 3+ emission (Figure 5). As mentioned above, the 5 D4(Tb 3+ ) state can transfer energy to the 5 D0 and 5 D1 states of Eu 3+ ions through resonance energy transfer. This would populate the 5 D0 state of the Eu 3+ ions and enhances the Eu 3+ luminescence. This type of energy transfer has been observed before. 106 Thus, the combination of blue, green and red would give the white light emission (Figure 8). We have made attempts to prepare the Eu substituted Tb compound to investigate the possible energy transfer between Tb 3+ and Eu 3+ ions along with the blue emission noted for the ligand (Figure S20). A reaction was carried out in which the ligand, terbium nitrate along with europium nitrate with varying concentrations (x = 0, 0.5, 1.0, 2.0, 3.0, 4.0) was taken under the same synthesis conditions. This resulted in the terbium compound substituted with Eu 3+ ions of varying concentrations. Our luminescence studies did not result in a white-light emission. This suggests that the intensity of the blue emission, observed for the ligand, may not be sufficient to combine with the green and red emissions from Tb 3+ and Eu 3+ ions to give white light emission (Figure S20). The emission studies, however, revealed that as the concentration of Eu 3+ ions in the Tb compound increased, the luminescence of Tb 3+ ions ( 5 D4→ 7 F6-3 states) diminish with an increase in the emission intensity corresponding to the Eu 3+ ions ( 5 D0→ 7 F1-4 states). This clearly suggests that the energy transfer between Tb 3+ and Eu 3+ ions in the MOF is facile.

In addition, we attempted a study of the physical mixture Y-MOF, Tb-MOF (2%) and Eu-MOF (2%) by grinding the three compounds together to see whether we can observe the energy transfer process outlined above. Our attempts were not successful and we did not observe any white light emission. A broad blue emission along with characteristic emissions of Eu 3+ and Tb 3+ ions was observed by the physical mixture. This suggests that substitution of the respective rare earth ions in the same host is necessary to facilitate the efficient energy transfer and observe white light emission (Figure S21).

The quantum yield (QY) of the Y0.98-xTb0.02Eux-compound (x=2%) was measured. The QY was found to be 28%. This value is comparable with those reported earlier. [START_REF] Wei | A White-Light-Emitting LnMOF with Color Properties Improved via Eu3+ Doping: An Alternative Approach to a Rational Design for Solid-State Lighting[END_REF][START_REF] Peña-Rodríguez | Doping of a Zn-MOF with Eu3+ and Tb3+ for Application in the Manufacture of a WLED[END_REF][START_REF] Ma | Structures, Tunable Emission and White Light Emitting Eu3+ and Tb3+ Doped Lanthanide Metal-Organic Framework Materials[END_REF][START_REF] Xu | Eu3+/Tb3+ Functionalized Bi-Based Metal-Organic Frameworks toward Tunable White-Light Emission and Fluorescence Sensing Applications[END_REF]109 We have also measured the individual quantum yields of the three compounds, Y, Tb and Eu MOFs and the quantum yield values were found to be 19%, 85% and 17%, respectively. 110

Sensing studies:

As mentioned above, the Tb-MOF exhibits intense emission at 543 nm due to 5 D4→ 7 F4 transition and also has a large quantum yield. The intense luminescence of the rare-earth ions has been exploited towards sensing of ions and molecules spectroscopically. [START_REF] Huang | An Efficient Blue-Emissive Metal-Organic Framework (MOF) for Lanthanide-Encapsulated Multicolor and Stimuli-Responsive Luminescence[END_REF][START_REF] Xu | An -OH Group Functionalized MOF for Ratiometric Fe3+ Sensing[END_REF][START_REF] Ge | A Luminescent Eu(III)-MOF for Selective Sensing of Ag+ in Aqueous Solution[END_REF][START_REF] Cui | Anionic Lanthanide Metal-Organic Frameworks: Selective Separation of Cationic Dyes, Solvatochromic Behavior, and Luminescent Sensing of Co(II) Ion[END_REF]111 In the present compounds, we observed that the Tb-compound exhibits intense green emission with a high quantum yield of 85%. We explored the usefulness of the Tb-compound towards the metal-ion detection (Cr 3+ and Fe 3+ ) in an aqueous solution based on the luminescence behaviour.

The aqueous dispersions of the Tb-compound was prepared by mixing 2 mg of the Tbcompound into 2.00 mL of H2O and ultrasonicated for 1 hr. The dispersed solution was diluted to 10 mL before measuring the luminescence spectra. Different aqueous solutions of the metal nitrate salts (10 mM solution of nitrate salts of Na + , K + , Mg 2+ , Cr 3+ , Mn 2+ , Fe 3+ , Co 2+ , Ni 2+ , Zn 2+ , Cd 2+ ) were added to 2 mL of the dispersed solution of the Tb-compound. The luminescence intensity was measured (λex=340 nm) with and without the added metal solutions. We observed significant changes in the luminescence spectra for the addition of Cr 3+ and Fe 3+ solutions (Figure 9 and Figure S22). The sensing of Cr 3+ and Fe 3+ ions were also examined in the presence of other metal ions (Figure S23). The studies indicated that the Tb-compound (7) is selective for Cr 3+ and Fe 3+ ions only. To explore the sensitivity of detection of Cr 3+ and Fe 3+ ions, we have carried out the luminescence quenching titrations with an incremental addition of analytes to the Tbcompound dispersed in water. Figure 9 shows the changes in the luminescence intensity with the increasing addition of the nitrates of chromium and iron nitrate solutions (up to 0.50 mM).

The visible bright green emission of the Tb-MOF appears to completely vanish upon the addition of the Cr 3+ and Fe 3+ ions (inset, Figure 9). The loss of intensity of the emission spectra was observed to be nearly 95.7% and 94.7 % of the initial luminescence intensity (based on the 5 D4 → 7 F5 emission of Tb compound). It has been shown that the Stern-Volmer (SV) plots were useful in arriving at the quenching constants of the analytes (Figure 10). The details of the SV equation and its relevance has been described and discussed before. [START_REF] Huang | An Efficient Blue-Emissive Metal-Organic Framework (MOF) for Lanthanide-Encapsulated Multicolor and Stimuli-Responsive Luminescence[END_REF][START_REF] Xu | An -OH Group Functionalized MOF for Ratiometric Fe3+ Sensing[END_REF][START_REF] Ge | A Luminescent Eu(III)-MOF for Selective Sensing of Ag+ in Aqueous Solution[END_REF][START_REF] Cui | Anionic Lanthanide Metal-Organic Frameworks: Selective Separation of Cationic Dyes, Solvatochromic Behavior, and Luminescent Sensing of Co(II) Ion[END_REF]111 At low concentrations (up to 20 µM) of Cr 3+ and Fe 3+ analytes, a linear increase in the (I0/I) was observed (Figure S24). This linear variation is due to the static quenching, that involves the interactions between the analytes and the host.

The dynamic quenching, on the other hand, would involve the energy transfer between the analytes and the host. In addition, to the static and dynamic quenching, the excitation light (λex) can also be absorbed by the analyte and contribute to the quenching of the luminescence. The fitting of the linear part of the SV plots gave the quenching constants (Ksv), which was found to be to be 1.1 × 10 4 M -1 for Cr 3+ and 7.1 × 10 3 M -1 for Fe 3+ . These values suggest good sensitivity. Thus, the Tb-MOF could be employed as a luminescence detector for Cr 3+ and Fe 3+ ions.

The limit of detection (LOD) was calculated to be 0.41 ppm (1.78 μM) and 8.6 ppm (36 μM), respectively, for Cr 3+ and Fe 3+ ions. The Tb-compound is not only selective but also good for the detection of Cr 3+ and Fe 3+ ions and the obtained LOD values are comparable to some of the earlier reported values in the literature. [112][113][114] The quenching of the luminescence can be rationalized by examining the UV-vis spectra (Figure . S26). The UV-Vis spectra of Cr 3+ and Fe 3+ ions exhibit overlap between the absorption bands of the ions with that of the emission spectra of the Tb-compound (7) (Figure .   S26). This overlap suggests the possibility of resonance energy transfer between the Tb-MOF and the cations. This would help in quenching the luminescence intensity. Apart from these, the excitation energy can also be lost due to the two possible mechanisms: (i) absorption of the excitation energy by the analytes by competing with the 2, 5 BPTA ligand, and (ii) part of excitation energy may be employed to transfer of electron from the ligand excited state to the LUMO of the analytes. The schematic of the possible energy/electron transfer processes are shown in Figure S27.

In addition to the above, we explored the possible reason for the observed quenching of the luminescence intensity during the interaction between the analytes (Cr 3+ and Fe 3+ ions) and the host (Tb-compound). The ligand in the host has -C≡C as part of the structure (Figure 2). The -C≡C stretching of the terminal alkyne arises in a weak band at 2119 cm -1 in the IR spectroscopy. On adding the Cr 3+ and Fe 3+ ions (up to 0.50 mM), we did not observe any significant shift in the stretching frequency of other IR bands except the -C≡C band at 2119 cm -1 , which appear to lose the intensity (Figure S28). This indicates that the -C≡C moiety participates in binding with the analyte cations. From the IR spectra, the only pre-existing peaks that was perturbed was the -C≡C stretching, which indicates a possible shifting of the electron density from the bonding electrons in the alkyne group to the Cr 3+ and Fe 3+ ions. We did not observe any additional IR bands upon the interactions between the analytes and the MOF, which suggests that there were no chemical reaction, but only a week interaction (Figure S28).

Similar observations have been reported before. 115 A PXRD and SEM-EDX investigations were carried out after the sensing studies, which indicated that the structural integrity of the Tb-compound (7) is retained (Figure S29 andS30).

The recyclability of the compound (compound was filtered, washed several times with water, and dried) towards the sensing of Cr 3+ and Fe 3+ ions was examined, which indicated that the compound retains the same sensing activity for at least 4 cycles (Figure S31).

Magnetic Study:

The magnetic behavior of Gd, Tb and Dy compounds were investigated in the temperature range 2-300 K. The magnetic behavior of the individual compounds were considered based on the dimeric unit of the formula [Ln2L3(H2O)4]•8H2O (Ln=Gd, Tb, Dy).

The temperature dependence of the magnetic susceptibility, χM, for the Gd derivative, 6 is plotted as χMT = f(T) in Figure 11. The value for χMT found at 300 K, 15.5 cm 3 mol -1 K, is in good agreement with the Curie contribution expected for two Gd 3+ spin centers (i.e. 2x 7.88 cm 3 mol -1 K). This value remains unchanged when T is reduced to about 50 K, and at lower temperatures a slight decrease is observed, reaching 11.7 cm 3 mol -1 K for 2 K. The field dependence of the magnetization (Figure 11b) indicates a saturation magnetization of about 14 µB, with no feature in the low field range. These magnetic behaviors are characteristic for two weakly exchange-coupled magnetic centers. 116 Modeling was performed by considering two interacting Gd(III) centers, -the simultaneous analysis of χMT = f(T) and M =f(H) (red line in Figure 11) gave J = -0.06 cm -1 with g = 1.97, (reference Hamiltonian: H = -JSGd1.SGd2) thus confirming the very weak antiferromagnetic Gd-Gd interaction.

For Tb (7) and Dy (8) derivatives, the values for χMT found at 300 K are respectively 23.3 and 28.2 cm 3 mol -1 K, is in good agreement with that expected for two of these Ln centers (i.e. 23.6 and 28.34 cm 3 mol -1 K). 117 118 Their χMT = f(T) behavior (Figure 11) is characterized by a steady decrease as T is lowered, in agreement with the crystal-field effect applying for these ions and possibly weak antiferromagnetic interactions. Their M =f(H) (Figure S32) are in line with anticipated behaviors and do not provide evidence for antiferromagnetic interactions (i.e. an Sshape M =f(H) behavior).

The possible slow magnetic relaxation for these compounds was probed by AC susceptibility measurements performed in absence and with an applied field. No out-of-phase component, χM'', was observed (Figure S32) which rules out any slow relaxation of the magnetization above 2 K. 

Catalytic Study:

The lanthanide-based metal-organic framework compounds have been explored mainly towards their magnetic and luminescence behaviour. [119][120][121] Their possible catalytic activity has not been explored actively, though there are reports of employing lanthanide MOFs towards heterogeneous catalysis. [122][123][124][125] In the present study, the usefulness of Tb-MOF was examined in the Ullmann type cross coupling between a phenol and a bromobenzene. The O-Arylation (C -O coupling) reaction was investigated in the presence of a number of bases (Table S10), which indicated that the Cs2CO3 was the most effective. The temperature for the catalytic reaction was arrived by carrying out the reactions from room temperature to 80 °C (Table S10).

We also made attempts to carry out the reaction in different solvents which suggested that the DMF solvent gives a maximum yield of the product (Table S11). Thus, C-O coupling reaction between phenol (1 mmol) and methyl-4-bromobenzoate (1 mmol) was carried out in presence of 1.5 mmol of Cs2CO3 and 2 mL of DMF at 80 °C in the presence of 0.007 mol% of the catalyst (Tb-compound, 7). The studies indicated that the C-O coupling reaction gave the highest yield of 95% after 5 hr at 80 °C. No increase in the yield was noted by varying the reaction temperature (90 °C) under the same catalytic reaction conditions. The same reaction was also attempted employing the Ce MOF compound (10) at 80 °C in the optimized reaction conditions, which gave a yield of 89% (Table S12). We have also carried out the cross-coupling reaction using the neat Tb and Ce nitrate salts, which gave a low yield (Table S12). The catalytic activity of the Tb-MOF was attempted by changing bromoarene derivatives containing both electron-rich as well as electron-poor bromoarenes. In all the cases, we observed the formation of the corresponding phenoxy compounds in good yields in ~5 hours under the optimized reaction conditions (Table 3). The coupling reactions of the electrondeficient phenol and aryl halides has been a challenging one as the corresponding phenolate is a weak nucleophile. The present catalyst Tb MOF appears to be efficient in activating this reaction. Our studies indicated that the presence of an electron-donating group (-Me) in the bromobenzene appears to give a lower yield (58%) (Table 3), which agrees well with those reported before. [START_REF] Maity | A Family of Ligand and Anion Dependent Structurally Diverse Cu(Ii) Schiff-Base Complexes and Their Catalytic Efficacy in an O-Arylation Reaction in Ethanolic Media[END_REF] The electron-withdrawing groups such as -CHO, -NC, -COOMe, -NO2, -Cl, appears to enhance the reactivity giving rise to the expected products with maximum yield (95%). The obtained products in all the cases were purified by column chromatography and 3. [126][127][128][129] The recyclability of the Tb-MOF catalyst was examined under the standardized conditions, which gave yields of 95%, ∼89%, and ∼87%, respectively (Figure 12).

For recyclability studies, the catalyst was separated by centrifugation and washed several times with fresh DMF and dried at 70 °C in an oven for 2h, which was utilised for the recyclability studies under similar reaction conditions. The stability of the catalyst after the coupling reactions was examined by PXRD (Figure S33), which also indicated that the catalyst retains the structure. We have also proposed a possible mechanism for the O-Arylation reaction following the earlier reports (Figure S34). After 1 h of the reaction, the catalyst was separated from the reaction mixture by centrifugation and the filtrate was allowed to react at 80 °C. The yield of the reaction with and without the Tb MOF catalyst indicated clearly that the in the absence of the catalyst, the reaction does not proceed (Figure 13). It may be noted that, in the absence of Tb MOF, there is no change in the yield of the reaction. The amount of the catalyst in the filtrate was also analysed by ICP-OES analysis, which does not indicate the presence of the catalyst. We have also carried out the reaction by doubling all the reactants in the catalytic study, which indicated similar activity as that of the test study. This suggests that the reactions can be scaled up to meet possible higher demand.

Table 3: O-arylation reaction of different aryl alcohols with substituted aryl bromides a

The heterogeneous catalytic nature of the reaction was confirmed by performing the hot filtration experiment. Thus, the mixture of bromobenzene (1.0 mmol), phenol (1.0 mmol), Cs2CO3 (1.5 mmol), DMF (2mL), and Tb MOF (5 mg, 0.007 mol %) was reacted at 80 °C. 

CONCLUSION:

The synthesis of new lanthanide carboxylates with two-and three-dimensional structure has been accomplished. All the structures have face sharing polyhedral dimers of the lanthanide connected by 2, 5-BPTA ligand. The Pr-compound stabilises both in the 2D as well as 3D

structure, the formation depends on the time of reaction. Photoluminescence studies indicate that the ligand emits in the blue region and transfer efficiently to the rare-earth ions giving characteristic emissions. The compound, (Y0.96Tb0.02Eu0.02) MOF, gives rise to intense white light emission with a quantum yield of 28%. Of the rare earth ions investigated, the Tb 3+ containing compound gives the largest quantum yield of 85%. The Tb -MOF was found to be a good and selective sensor for Cr 3+ and Fe 3+ ions in aqueous solution with high sensitivity. The Ullman type catalytic reaction between phenol and aryl halides in the presence of Tb -MOF gives excellent O -arylation product with 95% yield. The magnetic studies on Gd, Tb and Dy containing compounds indicated weak exchange interactions in the dimeric units and no slow magnetic relaxation features were observed for these compounds.
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 2 yn-1-yloxy)terephthalic acid (2, 5 -BPTA) as the organic linker. The compounds, [Ln(C14H8O6)(C7O3H4)•2H2O]•4(H2O), Ln = Y, Pr, Nd, Sm, Eu, Gd, Tb, Dy; and [Ln(C7O3H4)3.(C3H7ON).(H2O)]•2(H2O) (C3H7NO), Ln = La, Ce, Pr; have two-and three-dimensional structures, respectively. In all the compounds, lanthanide ions are connected together forming a dimer, which are connected by the 2, 5 -BPTA ligand. In the two-dimensional structure, there are two 2, 5 -BPTA moieties present and in the three-dimensional structure, there are three 2, 5 -BPTA moieties present. The lanthanide centers are nine-coordinated and in the 2D-structure has a tricapped trigonal prismatic arrangement and, in the 3D-structure has a mono-capped distorted square antiprismatic arrangement. The Pr compound forms both in 2D as well as in the 3D structure, the formation of which depends on the time of reaction (2 days-2D and 5-6 days 3D).
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  2), Nd(3), Sm(4), Eu(5), Gd(6), Tb(7), Dy(8))

  There are six water molecules present in the asymmetric unit, of which two are coordinated [O(100) and O(200)] and the remaining [O(300), O(400), O(500) and O(600)] are present as extra framework moieties. The extra-framework water molecules are located in between the layers.

Figure 1 :

 1 Figure 1: (a) Y units are connected another Y through a µ3 coordinated oxygen (O (6)) forming a dimer, (b), (c) Dimers are connected via acid 1 and acid 2 forming one dimensional chains. (d) 2dimensional layer formation The Y 3+ ion is surrounded by nine oxygen atoms with a distorted tricapped trigonal prismatic arrangement (Figure S10a). Of the nine oxygens, two oxygens, O(100), and O(200) are coordinated water molecules, and the remaining seven oxygens are from the carboxylate group. Among the carboxylate oxygens, O(6) has a µ3 connectivity connecting two metal centres and a carbon, and all the remaining have µ2 connectivity (one metal centre and one carbon atom). The Y-O bonds have distances in the range of 2.332 (3) -2.547 (2) Å (av: 2.419 Å), and the O-Y-O bond angles are in the range of 53.70 (6) -152.98 (7)° (av: 85.95°)[START_REF] Zhang | Characterization and Molecular Structures of Yttrium Trifluoroacetate Complexes with O-and N-Donors: Complexation vs. Hydrolysis[END_REF][START_REF] Thirumurugan | Structure and Luminescent Properties of Yttrium Benzene Dicarboxylates with One-and Three-Dimensional Structure[END_REF] 

Figure 2 :

 2 Figure 2: (a) The arrangement of the layers. Note that the layers are arranged one over the other in a AAA••• fashion. (b) Schematic view of the layers

Figure 3 :

 3 Figure 3: (a) The formation of the dimer units in the three-dimensional structure, (b) The connectivity between the dimers through acid-1 forming one dimensional chains, (c) The connectivity between the chains through Acid-2 forming the layers, (d) The connectivity between the layers through Acid-3 forming the three-dimensional structure.

Figure 4 :

 4 Figure 4: Excitation (black dotted) and emission spectra of (a) Eu-MOF (b) Tb-MOF (c) Y-MOF in the solid-state Inset: Photograph showing the luminescence colour of the MOFs under long UV lamp.Note the characteristic red, green and blue colour for Eu 3+ , Tb 3+ and the Y containing compound.

Figure 5 :

 5 Figure 5: PL emission spectra (λex = 345 nm) of Y0.98-x%Tb0.02Eux% samples with different Eu 3+ concentrations (0 < x < 4.0)

Figure 6 :

 6 Figure 6: CIE color coordinate diagram of Y0.98-x%Tb0.02Eux% samples with different Eu 3+ concentrations (0 < x < 4.0). The insets are their corresponding digital photographs taken under 345 nm excitation.

Figure 7 :

 7 Figure 7: The decay curves for the luminescence of Tb 3+ ions in Y0.98-x%Tb0.02Eux%-samples, with different Eu 3+ concentrations (excited at 345 nm, monitored at 544 nm).

Figure 8 :

 8 Figure 8: Schematic of possible energy transfer mechanism between the three rare earth MOFcompounds containing Y, Tb and Eu ions.

Figure 9 :

 9 Figure 9: The change in photoluminescence intensity of Tb -MOF in aqueous solution at different concentrations of (a) Cr 3+ (b) Fe 3+ . The inset in (a) shows the change in colour of the Cr 3+ solution in the presence of Tb-MOF compound.

Figure 10 :

 10 Figure 10: Stern-Volmer plots for Tb-MOF with Cr 3+ (▲) and Fe 3+ (■) at low concentrations. The solid lines represent the linear fits into the Stern-Volmer equation.

Figure 11 .

 11 Figure 11. χMT = f(T) behaviors for 6-8, and (inset) M =f(H) behaviors for Gd derivative 6. The red full-lines are the best-fits modeling. Individual plots are given in Figure S32.

  1 H-NMR spectra was used for the characterization (Figure S35-S42). ESI-MS for the products of the catalytic reaction are given in Figure S43-S50. The Turn Over Number (TON) of the catalytic reaction has been calculated and the values are given in Table

a

  Reaction condition: Bromoarene (1 mmol), Phenol (1 mmol), Cs2CO3 (1.5 mmol), catalyst (5 mg, 0.007 mol%), DMF (2 mL) at 80 °C for 5h, yield based on column chromatography b Reaction condition: 4-Bromonitrobenzene (1 mmol), β-naphthol (1 mmol), Cs2CO3 (1.5 mmol), catalyst (5 mg, 0.007 mol%), DMF (2 mL) at 80 °C for 5h, yield based on column chromatography

Figure 12 :

 12 Figure 12: Recyclability studies for the O -Arylation reaction employing Tb-MOF compound.

Figure 13 .

 13 Figure 13. The hot filtration studies during C-O coupling reaction (■ without catalyst, • With a catalyst, ◄ Yield after removing the catalyst by centrifugation after 1h)

  -S12), Experimental and simulated PXRD pattern for all the MOFs and structural integrity of Y0.98-x%Tb0.02Eux%-MOF (Figures S1, S2), SEM and EDX analysis for of Y0.98-x%Tb0.02Eux%-MOF (Figure S3), UV-Vis absorption and Infra-red spectra (Figures S4, S5), TGA analysis of the 2D and 3D compounds and PXRD after TGA (Figures S6-S8), Asymmetric unit and various coordination mode of linker in MOFs (Figures S9, S12), Metal coordination of Y and La in the MOF compound (Figure S10), Water molecule interaction in 2D MOFs (Figure S11), Simplified structure of 3D La MOF (Figure S13), Room-temperature photoluminescence spectra (Figure S14), Luminescence decay profiles for Y, Eu and Tb MOFs (Figure S15), PL spectra of different substitution of Eu 3+ and Tb 3+ in Y-MOF and corresponding CIE diagram (Figures S16, S17), Spectral overlap between the PLE spectrum of Y-MOF: Eu 3+ and PL spectrum of Y-MOF: Tb 3+ materials (Figure S18), luminescence excitation and emission spectrum of Y-MOF, 2% Tb 3+ , 4% Eu 3+ sample (Figure S19), PL emission spectra (λex = 340 nm) of 2,5 BPTA + 2% Tb 3+ + x% Eu 3+ and Physical mixing of Y MOF, 2% Tb MOF and 2% Eu MOF (Figures S20,S21), Tb-MOF intensity in presence of different cations (FigureS22), Comparison of the luminescence quenching effect (FigureS23), Stern-Volmer plots for Tb MOF at high concentration of Cr 3+ and Fe 3+ (FigureS24), The graph for the LOD calculation (FigureS25), The absorption bands of analytes along with the emission spectra of Tb MOF (FigureS26), Schematic of various energy/electron transfer processes in the sensing studies using the Tb MOF (FigureS27), IR titration of compound 7 upon the gradual addition of metal ions (FigureS28), PXRD, SEM study on the samples after the sensing (FiguresS29, S30), Recyclability study in sensing (FigureS31), Magnetic Susceptibility of Gd, Tb and Dy MOFs (FigureS32), PXRD pattern of catalyst in O -Arylation reaction during recyclability studies (FigureS33), Mechanism and procedure of O -Arylation reaction (FigureS34),1 H NMR and ESI-MS spectra of all catalytic O -Arylation products (Figure S35 -S50). (PDF) Accession Codes: Accession Codes CCDC 2184686-2184693 and 2184743-2184745 contain the supplementary crystallographic data for this article. These data can be obtained free of charge via www.ccdc.cam.ac.uk/ data_request/cif, or by emailing data_request@ccdc.cam.ac. uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: + 44 1223 336033.

S12FigureS32 Gd derivative 6 :

 6 Figure S1, S2 Experimental and simulated PXRD pattern for all the MOFs (1-11) and structural integrity of Y0.98-x%Tb0.02Eux%-MOF samples

Figure S9 : 2 S41Figure S10 :S42Figure S11 : 3 S44Figure S13 :Figure S14 : 5 BPTAS46Figure S15 :S47Figure S16 :Figure S17 :S49Figure S18 :S51Figure S20 :S52Figure S21 :S53Figure S22 :S54Figure S23 .S56Figure S25 :S57Figure S26 :S58Figure S27 :S59Figure S28 :S60Figure S29 : 7 S61Figure S30 : 7 S62Figure S31 :

 S92S10S113S13S145S15S16S17S18S20S21S22S23S25S26S27S28S297S307S31 Figure S9: (a) Asymmetric unit of Y (Thermal ellipsoid with 50% probability); (b) The various coordination modes of the 2, 5 BPTA anions in Y MOF, acid 1 and acid 2

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 2 .

 2 CCDC 2184686-2184693 and 2184743-2184745 contain the crystallographic data for this paper. The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

	Structural parameter	Compound 1	Compound 2	Compound 3	Compound 4	Compound5	Compound 6	Compound 7	Compound 8

Table 1 :

 1 Crystallographic data and structure refinement parameters for 2D compounds 1

-8 a

  

	Structural parameter	Compound 9	Compound 10	Compound 11
	Empirical formula	[La(C7O3H4)3.(C3H7ON).(H2O)]	[Ce(C7O3H4)3.(C3H7ON)(H2O)]•2	[Pr2(C7O3H4)6•(C3H7ON)2(H2O)2]•2(
		•2(H2O)(C3H7NO)	(H2O)(C3H7NO))	H2O)(C3H7NO)
	Crystal system	Triclinic	Triclinic	Triclinic
	Space group	P-1	P-1	P-1
	a (Å)	10.09(7)	10.05(7)	10.095(8)
	b (Å)	11.25(7)	11.23(8)	11.14(9)
	c (Å)	13.82(9)	13.83(10)	13.72(11)
	α(º)	74.40(4)	73.893(4)	74.07(3)
	β(º)	72.85(4)	72.665(4)	72.80(4)
	γ(º)	80.08(4)	80.032(3)	79.71(4)
	V (Å 3 )	1435.45(17)	1424.77(18)	1409.8(2)
	Z	2	2	2
	T(K)	100(2)	100(2)	100(2)
	ρcalcd (g cm -3 )	1.47	1.491	1.462
	μ (mm -1 )	1.54	1.65	1.78
	λ (Mo Kα/Å)	0.71073	0.71073	0.71073
	θ range (deg)	1.59-30.69	1.59-30.58	
	Final R	R1=0.059	R1= 0.043	R1= 0.037
	indices[I>2σ (I)]	wR2 = 0.15	wR2 = 0.11	wR2 = 0.093
	R indices (all data)	R1=0.068	R1= 0.0468	R1= 0.034
		wR2= 0.16	wR2= 0.12	wR2= 0.095
	Rint	0.041	0.031	0.021
		a		

Table 2 :

 2 Crystallographic data and structure refinement parameters for 3D compounds 9

-11 a

  

Table S10 -

 S10 

	Table S8	CIE chromaticity coordinates for Y0,98-xTb0.02Eux-MOF material	S21
		samples with different Eu 3+ concentrations (0 < x < 4.0)	
	Table S9	LOD calculation for Fe 3+ and Cr 3+ sensing	S22

Table S1 :

 S1 Elemental analysis for all the compounds

		Carbon %	Hydrogen %	Nitrogen %		Oxygen%
		Expt.	Calc.	Expt.	Calc.	Expt.	Calc.	Expt.	Calc.
		42.02	45.5	4.00	4.02	-	-	38.57	39.65
		37.98	38.37	3.89	3.68			35.69	36.51
		38.67	38.18	3.72	3.66			34.69	36.33
		38.67	37.83	3.72	3.63			36.7	35.99
		38.9	37.74	3.67	3.62			35.09	35.91
		38.81	37.44	3.74	3.59			35.11	35.62
		39.9	37.35	3.64	3.58			34.7	35.54
		38.5	37.15	3.73	3.56	-	-	34.46	35.35
		43.3	44.45	3.9	3.93	3.20	3.7	29.34	28.51
	10	43.50	43.49	3.7	3.92	3.56	3.76	30.36	30.04
	11	44.57	44.9	3.74	3.2	3.85	3.50	28.58	32.0
									S6

Table S2 :

 S2 Selected bond lengths (Å) and bond angles (deg) for Y compound, 1-8

			Compound 2
	Bond length(Å)		Bond angle (°)
	Pr1-O6 Pr1-O7	2.44(2) 2.46(2)	O6-Pr1-O7 Compound 1 O6-Pr1-O100	72.29(7) 148.41(9)
	Bond length(Å) Pr1-O100 2.45(4)		Bond angle (°) O6-Pr1-O200 137.16(10)
	Y1-O6 Pr1-O200	2.338 (17) 2.43(3)		O6-Y1-O7 O2 b -Pr1-O6	74.36 (6) 82.78(9)
	Y1-O7 Pr1-O2 b	2.379 (14) 2.51(3)		O6-Y1-O100 O3 b -Pr1-O6	149.79 (6) 86.83(9)
	Y1-O100 Y1-O200 Pr1-O3 b Y1-O2 a Pr1-O5 c Y1-O3 a Pr1-O6 c Y1-O5 c Pr1-O8 c Y1-O6 c Y1-O8 c	2.357 (4) 2.332 (3) 2.47(2) 2.427 (3) 2.63(2) 2.372 (2) 2.56(2) 2.547 (2) 2.52(2) 2.471 (2) 2.498 (2)		O6-Y1-O200 O5 c -Pr1-O6 O2 a -Y1-O6 O6-Pr1-O6 c O3 a -Y1-O6 O6-Pr1-O8 c O5 c -Y1-O6 O7-Pr1-O100 O6-Y1-O6 c O7-Pr1-O200 O6-Y1-O8 c O2 b -Pr1-O7 O7-Y1-O100 O3 b -Pr1-O7	136.06 (7) 116.72(9) 83.33 (6) 73.72(7) 87.83 (6) 72.27(7) 117.72 (6) 83.60(9) 72.61 (5) 143.50(10) 71.76 (5) 75.25(9) 82.61 (6) 125.52(9)
				O7-Y1-O200 O5 c -Pr1-O7 O2 a -Y1-O7 O6 c -Pr1-O7 O3 a -Y1-O7 O7-Pr1-O8 c O5 c -Y1-O7 O100-Pr1-O200 O6 c -Y1-O7 O7-Y1-O8 c O2 b -Pr1-O100	142.66 (7) 72.10(9) 74.15 (5) 80.30(7) 126.59 (6) 138.03(8) 72.59 (6) 73.64(11) 81.52 (5) 140.14 (6) 71.34
				O100-Y1-O200	73.36 (7)
				O2 a -Y1-O100	71.58 (6)
				O3 a -Y1-O100	90.51 (7)
				O5 c -Y1-O100	71.93 (6)
				O6 c -Y1-O100	123.45 (6)
				O8 c -Y1-O100	135.93 (6)
				O2 a -Y1-O200	122.13 (7)
				O3 a -Y1-O200	82.52 (7)
				O5 c -Y1-O200	72.98 (7)
				O6 c -Y1-O200	88.28 (6)
				O8 c -Y1-O200	64.44 (7)
				O2 a -Y1-O3 a	53.70 (6)
				O2 a -Y1-O5 c	132.93 (6)
				O2 a -Y1-O6 c	149.59 (5)
				O2 a -Y1-O8 c	121.18 (6)
				O3 a -Y1-O5 c	152.98 (7)
				O3 a -Y1-O6 c	140.45 (7)
				O3 a -Y1-O8 c	72.50 (6)
	Translation of Symmetry Code to Equiv.Pos	O5 c -Y1-O6 c O5 c -Y1-O8 c	51.52 (6) 105.70 (6)
	b = 1-x,1-y,-z			O6 c -Y1-O8 c	68.85 (5)
	Translation of Symmetry Code to Equiv. Pos	
	c = 1-x,1-y,1-z			
	a = 1-x,-y,1-z			
	b = 1-x,1-y,-z			
	c = 1-x,1-y,1-z			
					S7

Table S6 :

 S6 UV-Vis investigations

	H30B•••O5 O300-	0.85	2.00		Compound 4 2.843(4) 170.00	1+x,y,z
	O200-O400-	0.86 0.85 Sl No:	1.99 2.02	2.826(3) 2.841(3) Compound	163.00 163.00 Wavelength (nm)	1-x,1-y,2-z 2-x, 1-y, -z Optical transition
	O100-O500-H20A•••O9 H40B•••O7	93 0.87 0.85	1.910 1.91 1.96		2.822 (3) 2.710(4) 2.773(3) UV-Vis	168.00 151 159.00	-x, 1-y, 1-z
	O300-H10B•••O300 H50A•••O400	0.85 1	2.020	Ligand	2.866 (3)		173.00 278	-1+x, y, z	π-π*
	H30B•••O5 O200-O500-	0.86 0.85	1.99 1.82			2.826(3) 2.656(3)		163.00 168.00	1-x,1-y,2-z
	O400-H20A•••O9 H50B•••O600	0.850	2.070		2.882 (3)		159.00 340	-x, 1-y, 1-z	n-π*
	H40B•••O7 O500-O300-H30B•••O5 O600-H60A•••O8 H50A•••O400 O500-H50B•••O600 H40A•••O7 O400-C1-H1•••O5	0.85 0.85 0.85 2 0.85 0.85 0.93	1.960 2.00 2.01 Compound 1-11 2.776(2) 2.834(4) 2.824(3) 1.800 2.647(2) 2.02 2.8431(3) 2.380 3.283(6)		162.00 166.00 159.00 ~280 178.00 163.00 164.00 320-350	-1+x,y,z x, 1+y, z -x,1-y,2-z -x,1-y,1-z	π-π* n-π*
	O600-H60B•••O8 C1-H1•••O5 O500-H50A•••O400 O500-O200-O200-O300-H40A•••O7 H20A•••O9 C1-H1•••O5 O400-H50B•••O600 H20A•••O9	0.85 0.93 0.85 3 0.85 0.93 0.85 0.93 0.93 0.85	2.07 2.440 1.99 Compound 2,3 2.846(2) 3.341(5) 2.774(3) Compound 7 152.00 164.00 154.00 ~270 1.81 2.656(4) 171.00 1.91 2.817(3) 167.00 330-350 Compound 2 2.00 2.83(5) 165.00 735, 743, 751, 796 2_665; 1-x,1-y,-z -1+x, y, 1+z 2-x,-y,1-z π-π* n-π* -1+x, y, z 1.93 2.835(5) 165.00 2.380 3.281(6) 163.00 2-x,1-y,1-z 2.04 2.846(3) 159.00 1+x, -1+y, z Compound 2 448, 473, 486, 592, f-f transitions
	H30B•••O5 O400-O600-H60B•••O5	0.85 0.85	2.02 2.01	2.84(4) Compound 5 162.00 2.841(4) 166.00 Compound 3 512, 523, 576, 583, -x, 1-y, 1-z f-f transitions
	H40B•••O7 O500-H20A•••O9 O200-C1-H1•••O5	0.85 0.93 0.93	1.82 1.91 2.380		2.65(4) 2.825(5) 3.281(6)	168.00 166.00 164.00 680, 692, 733, 742, 1-x,1-y,2-z 2_566; -x,1-y,1-z
	H50A•••O600 O500-H50B•••O400 O100-H10A•••O400	0.85 0.86(6)	1.99 1.96(6)	2.78(5) 2.791(5) Compound 8 154 162(6) 752, 795
	O600-O100-O200-	0.85 0.82(6) 0.93	2.09 1.89(6) 1.93		2.87(5) 2.708(5) 2.840(4)		152 174(7) 165.00	x, -1+y,1+z x, y,-1+z
	H60A•••O4 H10B•••O300 H20A•••O9							
	O600-O300-C1-H1•••O5	0.85 0.85 0.93	2.01 2.01 2.460		2.84(4) 2.839(5) 3.366(6)		165.00 163.00 164.00	x, -1+y,z -1+x,y,z -x,2-y,-z
	H60B•••O8 H30B•••O5							
	O600-H40B•••O7 H60A•••O3 O400-	0.93 0.85	2.38 2.02			3.28(7) 2.842(6)		163.00 162.00	x, -1+y,1+z -x,1-y,2-z
	O500-	0.85	1.80		Compound 3 2.646(6) 176.00
	H50A•••O600							
	O200-H50B•••O400 H20A•••O9 O500-	0.87 0.85	1.98 1.97			2.835(4) 2.77(6)		164.00 156.00	-1+x,1+y,z
	O200-H60B•••O8 H20B•••O500 O600-	0.87 0.85	1.80 2.02			2.598(6) 2.827(4)		150.00 159.00	x,-1+y,z
	O300-H30B•••O5 C1-H1•••O5	0.85 0.93	1.99 2.380		2.827(4) 3.281(7)		169.00 164.00	1+x,y,z 2-x,1-y,1-z
	O600-H60A•••O8	0.85	2.05		2.837(4) Compound 6 153	x,1+y,z
	C1-H1•••O5 O200-	0.93 0.93	2.380 1.91		3.284(6) 2.822(3)		163.00 166.00	-x,1-y,2-z 1-x,1-y,-z
	H20A•••O9							
									S15 S16 S22

Table S7 :

 S7 List of important IR bands observed in 1-10

	Compound	ν(≡C-H)	ν(C≡C)	ν(COO)	ν(O-H)str	ν(C꞊O)
		(cm -1 )	(cm -1 )	(cm -1 )	coordinated H2O	DMF
					(cm -1 )	
	2,5 BPTA	~3261	~2126	~1693	-	
	Compound	~3277	~2119	~1577	~3400-3500	
	1-8					
	Compound	~3280	~2119	~1554	~3434-3480	~1650
	9-11					
						S23

Table S8 :

 S8 CIE chromaticity coordinates (x, y) for Y0,98-xTb0.02Eux-MOF material samples with different Eu3+ concentrations (0 < x < 4.0)

	Sample code	CIE X	CIE Y	CCT(K)
	A_Y1 (0% Eu)	0.306	0.412	6354
	A_Y2 (0.5 % Eu)	0.319	0.373	6011
	A_Y3 (1.0 % Eu)	0.329	0.361	5636
	A_Y4 (2.0 % Eu)	0.334	0.346	5432
	A_Y5 (3.0 % Eu)	0.361	0.335	4316
	A_Y6 (4.0 % Eu)	0.42	0.326	2521

S24

LOD calculation:

Table S9 .

 S9 Standard deviation and detection limit calculation for Cr 3+ and Fe 3+

	Blank readings	Luminescence	Standard	Slope from	Detection	Limit	of
	of 7	intensity	deviation	the graph (m)	limit (3σ/m)	detection	
	(without		(σ)			(LOD)	
	analyte)					(ppm)	
				Cr 3+			
	Reading 1	1165687					
	Reading 2	1168213					
	Reading 3	1161425	2245.78	4.11×10 6 mM -	1.78×10 -3	0.41	
	Reading 4	1165224		1	mM		
	Reading 5	1167680					
				Fe 3+			
	Reading 1	1188582					
	Reading 2	1186724					
	Reading 3	1182143	2327	1.9×10 5 mM -1 0.036 mM	8.6	
	Reading 4	1183462					
	Reading 5						

H NMR Spectra for all the catalytic products: (FigureS35-S42)1 H NMR (400 MHz, CDCl3) δ 7.83 -7.08 (m, 8H), 6.99 (d, J = 8.8 Hz,

2H).

H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.9 Hz,

2H), 7.29 (d, J = 7.8 Hz, 2H), 7.02 (dd, J = 17.1, 8.3 Hz, 3H), 6.86 (d, J = 8.9 Hz, 2H).

H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 8.8 Hz,

2H), 7.15 -6.80 (m, 7H), 3.83 (s,3H).

H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.6 Hz,

2H), 7.94 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 7.7 Hz, 2H), 7.18 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 8.6 Hz, 2H).
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S2

Compound 9

C9-H9 The O-Arylation reaction between Phenol (1 mmol, 0.094 g) (or β Naphthol, 0.144 g) and different

Bromobenzene derivatives (1 mmol) was carried out in the presence of 1.5 mmol (0.487 g) of Cs2CO3, Tb-MOF catalyst (5 mg, 0.007 mol%) and 2 mL of DMF at 80 °C. The reaction mixture was allowed to react at 80 °C for 5 h. The progress of the reaction was monitored employing the thin layer chromatography employing ethyl acetate/n-hexane (10 % Ethyl acetate). After the reaction was completed, the reaction was cooled to ambient conditions, and the solid catalyst was separated by centrifuging from the reaction mixture. The catalyst was washed several times with fresh DMF and dried at 70 °C in an oven for 2 h, before using it again for the recycle studies under identical reaction conditions. The reaction mixture without the catalyst was extracted several times with ethyl acetate, concentrated and purified by column chromatography.