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The pre-functionalization of organic ligands before MOFs synthesis has been widely carried out via wet-chemical methods. A possible novel route to perform the pre-functionalization of MOFs' organic ligands is to graft amino groups on the ligand by means of plasma treatments.

In this study, a NH3 impulse dielectric-barrier discharge plasma treatment is used to investigate the efficiency of the pre-functionalization of terephthalic acid. For this purpose, plasma diagnostics is coupled with material characterizations to identify the main reactive plasma species involved in the ligand functionalization. The presence of NH radicals in the plasma phase together with structural modification evidence the effect of the plasma treatment.

Chemical analyses of the treated material confirm the presence of nitrogen in the treated sample and prove that the grafting of the amino group occurs at the functional carboxyl group (-COOH) of terephthalic acid, by substituting the C-OH bond by C-NH2 bond. All these results indicate successful modification of terephthalic acid by grafting amino groups thanks to the plasma treatment.

Introduction

Considered as among the most promising novel materials because of their wide versatility, Metal-Organic Frameworks (MOFs), also known as porous coordination polymers are porous hybrid compounds formed by self-assembly of metal clusters (secondary building units (SBU)) with polytopic organic ligands to form crystalline networks [START_REF] Wang | State of the Art and Prospects in Metal-Organic Framework (MOF)-Based and MOF-Derived Nanocatalysis[END_REF][START_REF] Yuan | Stable Metal-Organic Frameworks: Design, Synthesis, and Applications[END_REF][START_REF] Li | Topological Analysis of Metal-Organic Frameworks with Polytopic Linkers and/or Multiple Building Units and the Minimal Transitivity Principle[END_REF]. MOFs exhibit great diversity in terms of structure and composition. Therefore, their intrinsic nature gives them impressive features, in particular high porosity with a wide range of pore size and high internal surface area [START_REF] Wang | Metal-Organic Frameworks for Energy Applications[END_REF]. These traits make them attractive across a wide range of applications, such as gas storage and separation [START_REF] Taylor | Tuning the Adsorption-Induced Phase Change in the Flexible Metal-Organic Framework Co(bdp)[END_REF][START_REF] He | Methane storage in metal-organic frameworks[END_REF][START_REF] Qian | MOF-Based Membranes for Gas Separations[END_REF], catalysis [START_REF] Noh | An Exceptionally Stable Metal-Organic Framework Supported Molybdenum(VI) Oxide Catalyst for Cyclohexene Epoxidation[END_REF][START_REF] Xu | A Cageconfinement Pyrolysis Route to Ultrasmall Tungsten Carbide Nanoparticles for Efficient Hydrogen Evolution[END_REF][START_REF] Zhang | Synthesis of MOFs for heterogeneous catalysis via linker design[END_REF], sensing [START_REF] Gogoi | Specific fluorescence sensing of hydrogen sulphide by an azide functionalized Zr(IV) MOF with DUT-52 topology[END_REF][START_REF] Zhao | Luminescent Lanthanide MOFs: A Unique Platform for Chemical Sensing[END_REF][START_REF] Chen | Zeolitic Imidazolate Framework as Formaldehyde Gas Sensor[END_REF], optics [START_REF] Mingabudinova | Laser printing of optically resonant hollow crystalline carbon nanostructures from 1D and 2D metal-organic frameworks[END_REF][START_REF] Andrews | Determination of the thermal, oxidative and photochemical degradation rates of scintillator liquid by fluorescence EEM spectroscopy[END_REF][START_REF] Kulachenkov | Photochromic Free MOF-Based Near-Infrared Optical Switch[END_REF], batteries [START_REF] Wang | A MOF-based singleion Zn2+ solid electrolyte leading to dendrite-free rechargeable Zn batteries[END_REF][START_REF] Hu | Micro-nano structured Ni-MOFs as highperformance cathode catalyst for rechargeable Li-O 2 batteries[END_REF][START_REF] De Combarieu | Influence of the Benzoquinone Sorption on the Structure and Electrochemical Performance of the MIL-53(Fe) Hybrid Porous Material in a Lithium-Ion Battery[END_REF], among many other fields.

In addition to the wide variety of combinations of organic and inorganic entities used to design MOFs with desired topologies and characteristics, their properties can also be modulated or even enhanced by tuning the surface chemistry via functionalization process. Usually, the functionalization process of MOFs is carried out via wet-chemical methods [START_REF] Ren | Hydrogen storage in Zr-fumarate MOF[END_REF][START_REF] Ragon | Acidfunctionalized UiO-66(Zr) MOFs and their evolution after intra-framework cross-linking: structural features and sorption properties[END_REF][START_REF] Rani | Enhanced hydrothermal stability of Cu MOF by post synthetic modification with amino acids[END_REF]. There are two main routes to prepare functionalized MOFs:

(i) pre-functionalization that involves the addition of functional groups into the phenyl ring of the organic ligand. This effective tool was initially developed by the group of O. Yaghi [START_REF] Eddaoudi | Systematic Design of Pore Size and Functionality in Isoreticular MOFs and Their Application in Methane Storage[END_REF] who synthesized a series of isoreticular MOFs (IRMOFs) by grafting some functional groups, such as -Br, -NH2, -OC3H7, OC5H11 in the organic ligand (terephthalic acid) of MOF-5. In this way, other series of MOFs with different organic functionalities and isostructural topologies were synthesized, like the series of MIL-53-Xn (Xn = Cl, Br, NH2) of Férey et al. [START_REF] Devic | Functionalization in Flexible Porous Solids: Effects on the Pore Opening and the Host-Guest Interactions[END_REF].

(ii) Post-synthetic modification of MOFs, initially suggested by Hoskins and Robson [25], which occurs by chemical modification of the network after the synthesis [START_REF] Wang | Postsynthetic Covalent Modification of a Neutral Metal-Organic Framework[END_REF][START_REF] Kandiah | Post-synthetic modification of the metal-organic framework compound UiO-66[END_REF][START_REF] Chen | Anhydride Post-Synthetic Modification in a Hierarchical Metal-Organic Framework[END_REF]. The main strategies for functionalization of MOFs by post-synthetic modification include covalent, dative modifications and those by encapsulation [START_REF] Dong | Glycine post-synthetic modification of MIL-53(Fe) metalorganic framework with enhanced and stable peroxidase-like activity for sensitive glucose biosensing[END_REF][START_REF] Wu | A Homochiral Porous Metal-Organic Framework for Highly Enantioselective Heterogeneous Asymmetric Catalysis[END_REF][START_REF] Li | Hydrogen storage in Pd nanocrystals covered with a metalorganic framework[END_REF]. The scope of this paper relates to the pre-functionalization of the organic ligand.

In the literature, several computational and experimental studies of MOFs' functionalization report on the effectiveness of introducing specific substituent groups on the ligand structure. It was shown that grafting functional groups, such as amino groups on the aromatic ligand, enhances the selectivity of MOFs toward certain gases, and improves the interaction between the adsorbent and adsorbate, particularly for CO2 and H2 [START_REF] Yang | Functionalizing porous zirconium terephthalate UiO-66(Zr) for natural gas upgrading: a computational exploration[END_REF][START_REF] Couck | An Amine-Functionalized MIL-53 Metal-Organic Framework with Large Separation Power for CO 2 and CH 4[END_REF][START_REF] Wu | Amino-modified MIL-68(In) with enhanced hydrogen and carbon dioxide sorption enthalpy[END_REF]. Therefore, many works have been carried out to improve the CO2 uptake on MOFs. Rada et al. [START_REF] Rada | Effects of amino functionality on uptake of CO2, CH4 and selectivity of CO2/CH4 on titanium based MOFs[END_REF] studied the CO2 adsorption on amino functionalized titanium-based MOFs, NH2-MIL-125 (Ti), and compared it with the pristine material MIL-125 (Ti). These authors pointed out that the addition of amino functional group increases remarkably the CO2 uptake and affinity, with an adsorption capacity of 10.76 mmol/g and 8.9 mmol/g at 273 K and 298 K, respectively, much higher than those of untreated MIL-125 (Ti) (4 mmol/g and 2,8 mmol/g at 273 K and 298 K, respectively). As for H2 uptake, Klopper et al. [START_REF] Hübner | On the Interaction of Dihydrogen with Aromatic Systems[END_REF] showed that grafting an electron-donating radical such as amino into the phenyl ring of the organic ligand improves the energy of interaction of H2 with the phenyl ring. Wu et al. [START_REF] Wu | Amino-modified MIL-68(In) with enhanced hydrogen and carbon dioxide sorption enthalpy[END_REF] studied sorption enthalpy of MIL-68 (In) and an amino functionalized MIL-68 (In). They showed that the amino group in NH2-MIL-68 (In) could indeed improve the adsorption kinetics of H2 on the material. Besides gas storage/selectivity improvements of some MOFs by amino functionalization, this latter can also enhance their tailorability toward drug/gene delivery [START_REF] Liu | Metal-organic frameworks functionalized with nucleic acids and amino acids for structure-and function-specific applications: A tutorial review[END_REF][START_REF] Chen | Stimuliresponsive nucleic acid-functionalized metal-organic framework nanoparticles using pH-and metal-ion-dependent DNAzymes as locks[END_REF][START_REF] Kahn | Stimuli-Responsive DNA-Functionalized Metal-Organic Frameworks (MOFs)[END_REF][START_REF] Lin | Selective dispersive solid phase extractionchromatography tandem mass spectrometry based on aptamer-functionalized UiO-66-NH2 for determination of polychlorinated biphenyls[END_REF], asymmetric catalysis [START_REF] Newar | Amino Acid-Functionalized Metal-Organic Frameworks for Asymmetric Base-Metal Catalysis[END_REF][START_REF] Canivet | Amino acid functionalized metalorganic frameworks by a soft coupling-deprotection sequence[END_REF][START_REF] Lili | Catalysis by metal-organic frameworks: proline and gold functionalized MOFs for the aldol and three-component coupling reactions[END_REF], tissue engineering [START_REF] Pires | A Metal-Collagen Peptide Framework for Three-Dimensional Cell Culture[END_REF][START_REF] Maddigan | Protein surface functionalisation as a general strategy for facilitating biomimetic mineralisation of zif-8[END_REF][START_REF] Can | An amino acid, l-Glutamic acid-based metalorganic frameworks and their antibacterial, blood compatibility, biocompatibility, and sensor properties[END_REF], etc.

Besides the wet chemical methods, a third possible route to functionalize MOFs consists in using low temperature plasma treatments. Plasma treatments are widely used to functionalize different materials like polymers [START_REF] Laurano | Plasma Treatment of Polymer Powder as an Effective Tool to Functionalize Polymers: Case Study Application on an Amphiphilic Polyurethane[END_REF][START_REF] Shahpanah | Improving the oxygen barrier properties of PET polymer by radio frequency plasma-polymerized SiOxNy thin film[END_REF][START_REF] Kostov | Treatment of polycarbonate by dielectric barrier discharge (DBD) at atmospheric pressure[END_REF], cotton [START_REF] Sohbatzadeh | A new DBD apparatus for superhydrophobic coating deposition on cotton fabric[END_REF][START_REF] Yang | Fabrication of Durably Superhydrophobic Cotton Fabrics by Atmospheric Pressure Plasma Treatment with a Siloxane Precursor[END_REF][START_REF] Belhaj Khalifa | Hydrophobic behavior of cotton fabric activated with air atmospheric-pressure plasma[END_REF], wood [START_REF] Avramidis | Plasma treatment of wood and wood-based materials to generate hydrophilic or hydrophobic surface characteristics[END_REF][START_REF] Xie | Creation of superhydrophobic wood surfaces by plasma etching and thin-film deposition[END_REF][START_REF] Profili | Deposition of nanocomposite coatings on wood using cold discharges at atmospheric pressure[END_REF], glass [START_REF] Múgica-Vidal | Atmospheric pressure air plasma treatment of glass substrates for improved silver/glass adhesion in solar mirrors[END_REF][START_REF] Gao | Deposition of thin films on glass fiber fabrics by atmospheric pressure plasma jet[END_REF][START_REF] Garrido | Adhesion improvement and in vitro characterisation of 45S5 bioactive glass coatings obtained by atmospheric plasma spraying[END_REF], metals [START_REF] Brzhozovskii | Study of the lowtemperature plasma treatment effect on the structure, physical and chemical surface characteristics of 40X13 steel[END_REF][START_REF] Kim | Surface treatment of metals using an atmospheric pressure plasma jet and their surface characteristics[END_REF][START_REF] Martin | Characterization of metal oxide micro/nanoparticles elaborated by plasma electrolytic oxidation of aluminium and zirconium alloys[END_REF]. The dry plasma processes used for the elaboration and functionalization of materials are varied. In fact, they differ according to the gas pressure, ranging from low pressure processes (a few Pa to 100 Pa) [START_REF] Shahpanah | Improving the oxygen barrier properties of PET polymer by radio frequency plasma-polymerized SiOxNy thin film[END_REF][START_REF] Xie | Creation of superhydrophobic wood surfaces by plasma etching and thin-film deposition[END_REF][START_REF] Malesevic | Synthesis of few-layer graphene via microwave plasmaenhanced chemical vapour deposition[END_REF][START_REF] Brault | One-step Synthesis and Chemical Characterization of Pt-C Nanowire Composites by Plasma Sputtering[END_REF][START_REF] Tsai | Scalable graphene synthesised by plasma-assisted selective reaction on silicon carbide for device applications[END_REF] to atmospheric pressure processes [START_REF] Kostov | Treatment of polycarbonate by dielectric barrier discharge (DBD) at atmospheric pressure[END_REF][START_REF] Yang | Fabrication of Durably Superhydrophobic Cotton Fabrics by Atmospheric Pressure Plasma Treatment with a Siloxane Precursor[END_REF][START_REF] Profili | Deposition of nanocomposite coatings on wood using cold discharges at atmospheric pressure[END_REF][START_REF] Múgica-Vidal | Atmospheric pressure air plasma treatment of glass substrates for improved silver/glass adhesion in solar mirrors[END_REF][START_REF] Gao | Deposition of thin films on glass fiber fabrics by atmospheric pressure plasma jet[END_REF][START_REF] Abuzairi | Atmospheric pressure plasma functionalization of carbon nanotube dot-array with two-stage plasma treatments for the development of bio-chip sensors[END_REF]. Low-pressure plasma processes are highly non-equilibrium thermodynamics means with high electron temperatures that can reach a few tens of electron-volts and a low degree of ionization [START_REF] Samukawa | The 2012 Plasma Roadmap[END_REF]. On the other hand, plasmas at atmospheric pressure can have a high degree of ionization but low electron temperatures [START_REF] Anders | Cathodic arcs: from fractal spots to energetic condensation[END_REF]. Therefore, the pressure difference from one process to another plays a major role in the physical and chemical actions the plasma will have on the targeted material. Indeed, plasma processes provide treatments at non-equilibrium thermodynamic state, thus allowing novel reaction possibilities. The assets of these cold plasma treatments are based on factors such as:

(i) The bombardment of the surface of a material by energetic species of the plasma, which generates a breaking of some covalent bonds and the formation of free radicals. These radicals react with the active species of the plasma, which results in the formation of functional chemical groups on the surface of the materials depending on the nature of the gas phase.

(ii) Plasma treatments can be carried out in dry conditions, thus reducing the use of chemicals and solvents, and therefore the energy to recycle or eliminate the residues.

(iii) Consequently, from a security point of view, there is less vulnerability to chemical risks with plasma treatments, compared to the wet chemical methods.

In this paper we report on a novel pre-functionalization process by a dry chemical method using a dielectric barrier discharge (DBD) plasma treatment of terephthalic acid (C6H8O4). This acid is known as the major organic ligand used for MOFs' synthesis due to its rigidity, its variety of architectures, and its versatile coordination modes. Although there are many studies focusing on the MOFs' functionalization, none of these studies concerns the plasma functionalization.

Therefore, the scope of this study is to examine and evaluate the efficiency of the DBD plasma treatment to realize a pre-functionalization by grafting amino groups on the organic ligand. The idea is first to have a proof of concept of the feasibility of the dry chemical pre-functionalization via DBD treatment on the organic ligand, and second to evaluate the efficiency of the DBD plasma treatment for MOFs functionalization. Therefore, plasma diagnostics and material characterization are carried out to examine the evolution of the plasma discharge during the treatment, to determine the chemical species present in the plasma, and to check the efficiency of the grafting process.

Experimental section 2.1. DBD setup and material

A schematic diagram of the experimental setup is illustrated in figure 1. The DBD system is set up in a typical planar symmetric configuration of two dielectric plates of square shape placed opposite to each other. A copper electrode is placed on the backside of each dielectric plate.

The upper square electrode of 10 cm 2 is connected to the high voltage while the lower electrode with same external dimension is grounded (electric reference potential of the system). The lower electrode has a specific geometry with a specific surface area of about 8 cm², allowing to confine the powder regardless the effect of the electric field on the powders during the plasma discharge. For the plasma treatment, the sample is spread on the bottom dielectric. The dielectrics plates are made of aluminium nitride for its high electrical resistivity (> 10 13 Ω.m); it is also primarily used to prevent any oxygen poisoning of MOFs that could happen during plasma treatments by using alumina or silica as dielectrics. The dimensions of the square shape dielectrics are 5 x 5 cm 2 and 1 mm in thickness. The DBD cell is fixed on PTFE supports to make it electrically insulated from the surrounding parts of the whole system.

The electrical system consists of two high voltage generators (Technix SR15-R-1200) connected to a switcher (BEHLKE HTS 301-03-GSM) that allows applying the voltage alternatively to each of the electrodes at a maximum frequency of 4 kHz. The switcher is connected to two 33 Ω current limiting resistors. A low frequency function generator (Yokogawa FG120) triggers the switcher to deliver the suitable waveform with the desired frequency. The plasma discharge is generated with a symmetric square pulse voltage of 6 kVpp (+3 kV, -3 kV), at a frequency of 4 kHz, for one hour of treatment. The square waveform, as a matter of a fact, is used to reduce the discharge duration, and thus allows preventing eventual arc discharges that could deteriorate the sample. A linear motion device allows adjusting the gap width between the two dielectric plates. All experiments are carried out with a gap of 3 mm between the dielectrics. The whole DBD system is placed inside a spherical stainless-steel chamber of 60 L in volume.

It allows working under controlled atmosphere and pressure. The chamber is connected to a pumping system that consists of a primary vacuum pump to reach a pressure down to 10 -1 Pa, and a turbomolecular pump to reach 10 -4 Pa residual pressure. All experiments reported here were carried out within a static gas inlet regime at a constant pressure of 10 4 Pa. This means that prior to the DBD plasma ignition, the chamber was evacuated down to 10 -4 Pa and then filled with ammonia gas (Air Liquide, 99.9% purity). As soon as the pressure reached 10 4 Pa, the gas-in and gas-out valves were closed, thus maintaining a static atmosphere in the chamber.

Working in a static atmosphere in the chamber allows preventing scattering occurrence on the powder to be treated.

The commercial terephthalic acid used for this study is a white organic crystalline powder with formula C6H4(COOH)2. According to the supplier (Sigma Aldrich), this material has over 98% purity, a density of 1.58 g/cm 3 at ambient temperature, a molecular weight of 166.13 g/mol and a melting point at 300 °C. 

Characterization

Plasma diagnostics

• Electrical measurements

During the plasma treatment of terephthalic acid, the discharge voltage and current were measured by a voltage probe (Cal Test CT4028, with a bandwidth from DC to 220 MHz) and a current probe (Magnelab CT-D1.0-B, with a bandwidth between 200 Hz and 500 MHz), respectively. An oscilloscope (LeCroy 104Xi) monitored the electrical characteristics.

• Optical emission spectroscopy

Optical emission spectroscopy (OES) measurements during the DBD treatment were performed with a Jobin-Yvon Triax 550 spectrometer equipped with a 1200 grooves mm -1 grating and an intensified charged couple device camera (ICCD). The light emitted by the plasma was collected through a quartz window via an optical fibre facing the discharge. The distance between the centre of the plasma and the optical fibre is 27 cm. The emission spectra were recorded between 250 nm and 700 nm, with a spectral resolution of 0.07 nm. In order to synchronize the OES measurements with the discharge pulses, the TTL signal that triggers the DBD high voltage also served to externally trigger the ICCD detector. The latter was operated in gated mode with a gate pulse width set at 5 µs. This allows collecting light signal during the current pulse and also during the temporal post-discharge whose duration, in our case, is estimated at 5 µs. Beyond 5 µs after each DBD impulses, the light emission coming from the plasma source becomes negligible. Therefore, the OES measurement is set up to obtain the best signal-to-noise ratio. The measurements were averaged over 200 000 discharge pulses to further improve this signal-to-noise ratio.

Material characterization • X-Ray diffraction (XRD)

The structural characterization was carried out at room temperature by a Panalytical X'Pert Pro MPD diffractometer, using Cu Kα1 (λ= 1.5406 Å) radiation, operated at a voltage of 40 kV and a current of 40 mA, in a Bragg-Brentano geometry. The diffractometer is equipped with a goniometer theta/theta, a hybrid monochromator, an X'celerator linear detector type and a sample spinning. The diffraction patterns were recorded over a 2θ range between 10 and 40°, with a scan rate of 4 °/min and a step size of 0.02°. The powder samples were prepared on a silicon zero-background sample holder.

• Thermogravimetric analysis-mass spectrometry (TGA-MS).

The thermogravimetric measurements, coupled with a mass spectrometer, were performed using a thermogravimetric analyser (SETARAM Setsys Evolution) and a mass spectrometer (OmniStarGSD301C-Pfeiffer Vacuum). An amount of 19 mg for each sample was prepared in a platinum crucible. The TGA-MS analysis were carried out in the temperature range of 20-400 °C under a constant helium gas flow (20 mL.min -1 ), at a heating rate of 5 °C min -1 .

• X-Ray photoelectron spectroscopy (XPS)

The chemical analysis of the samples was analyzed by using a Thermo Fischer scientific ESCALAB Xi + X-ray photoelectron spectrometer (XPS) equipped with an Al Kα monochromator. The area of the analysis is 900 x 900 µm 2 survey scans (0 -1350 eV) were carried out for each sample, in CAE (constant analyzer energy) mode, with a pass energy of 200 eV and a step size of 1 eV. Narrow scans (C1S: 280-298 eV, O1S: 525-545 eV, N1S: 392-410 eV) were done at pass energy (CAE) of 20 eV, and step size of 0.1 eV.

Results and discussions

Voltage-current characteristics

Figure 2 shows the time evolution of the applied voltage and the discharge current during the DBD treatment. A current measurement without the powder (equivalent to t = 0 min) is also presented in the figure to compare the powder effect on the discharge current. Based on the voltage curve, a value of 2 kV of voltage is sufficient to ignite the plasma. As for the discharge current, its maximum peak current has a duration Δt1 = 75 ns. Moreover, the maximum of the current intensity increases throughout the treatment. Between the beginning (t = 0 min) and the end of the treatment (t = 60 min), the current passes in positive and negative polarities from 2.46 A to 2.80 A, and from -1.75 A to -2.13 A, respectively. The rise in the current absolute values could be attributed to the change of the secondary electron emission yield, induced by the bombardment of the organic ligand by the free electrons and ions, which develops throughout the discharge. A study reported by N. Bundaleska et al. [START_REF] Bundaleska | Prospects for microwave plasma synthesized N-graphene in secondary electron emission mitigation applications[END_REF] has shown that graphene's secondary emission yield has changed while doping the material with nitrogen by a plasma treatment; however no current-voltage characteristics were made in this study. The asymmetric nature of the two electrodes could justify the difference in the absolute current values between the positive and the negative polarities. Moreover, it is clear that the current values of the DBD treatment without powder and with the presence of powder are not the same.

In fact, the current value decreases when adding the powder by a factor of 0.28 and 0.32 in positive and negative polarities, respectively. Indeed, the addition of an insulating powder in the system induces a change in the dielectric constant of the system, and hence could influence the current characteristics of the DBD discharge. Nevertheless, the addition of the powder between the dielectrics does not change the breakdown conditions of the discharge.

Consequently, the breakdown mechanism with positive and negative pulses can be slightly different. Compared to conventional sinusoidal voltage DBD sources for which the measured current is relatively low ( in the range of mA), the unusual high values of the measured current in our case of impulse DBD can be obtained since the current is proportional to the very fast time variation of the voltage V with time (dV/dt). Therefore, the rapid fall and rise of the voltage to a maximum value within the square waveform induces higher current values (in the range of A). In addition, the calculation of the integral of the current pulse over the main plasma discharge time (Δt2 ~350 ns) show that the cumulative amount of electrical charges in positive and negative polarities is quite the same with a value of about 1.3 10 -7 C during plasma treatment of powder, irrespective of the polarity of the voltage pulse. In addition, the shape of the current curves is mostly dependant on the electrode shape and on the presence or not of terephthalic acid powder. Furthermore, the shape of the discharge current remains globally the same all over the 60 minutes of the powder plasma treatment, showing that the consumption of the NH3 in the discharge is insignificant compared with the global gas volume of ammonia present in the reactor. Hence, it does not affect the plasma conditions of the discharge and the material is treated in the same conditions throughout the plasma treatment. 

Optical emission spectroscopy

The optical emission spectrum obtained during the DBD treatment of terephthalic acid is shown in figure 3. The spectrum exhibits several atomic and molecular emission lines resulting from the dissociation of ammonia molecules. The main features of the spectrum are the presence of molecular nitrogen illustrated by the emission of the second positive system of N2 (C 3 Πu → B 3 Πg) with a dominant emission band head at 337 nm, and a peak at 336 nm attributed to the NH (A 3 Π → X 3 Σ -) band transition [START_REF] Pearse | The Identification of Molecular Spectra[END_REF]. Atomic hydrogen transition belonging to the Balmer series (Hα, 656 nm) is observed as well. This implies that the free NH radicals present in the plasma can possibly interact with the materials and could be grafted onto it. Furthermore, an intense emission band is observed around 563-567 nm that likely belongs to the Schuster's system of the NH3 molecule [START_REF] Watson | Assignment of the Schuster band of ammonia[END_REF][START_REF] Yi | Plasma-Triggered CH 4 /NH 3 Coupling Reaction for Direct Synthesis of Liquid Nitrogen-Containing Organic Chemicals[END_REF]. 

X-Ray diffraction

Figure 4 shows the XRD patterns of terephthalic acid and terephthalic acid treated by DBD.

The powder diffraction database (PDF-4) was used for the phase identification. The XRD pattern of terephthalic acid sample matches well with the reference pattern of terephthalic acid phase (PDF 00-031-1916), thus confirming the purity of the material. New peaks corresponding to a second phase are revealed in the sample treated by DBD. Indexation of these diffraction peaks (see table 1 and fig. 4) shows that this new phase corresponds to ammonium hydrogen terephthalate (PDF 00-052-2145). More data about the crystal structure of ammonium hydrogen terephthalate can be found in the paper of R.E. Cobbledick and R.W. Small [START_REF] Cobbledick | The crystal structure of ammonium hydrogen terephthalate[END_REF]. The lattice parameters of terephthalic acid and ammonium hydrogen terephthalate are given in table 2. This clearly indicates that the plasma treatment as reported here implies structural modifications of the organic ligand. 

TGA-MS analysis

Thermogravimetric analysis (TGA) of untreated terephthalic acid and terephthalic acid treated by DBD are presented in figure 5. The TGA curves of the two materials (fig. 5a) show that both samples present the same thermal stability, the total loss of the two materials occurs at  325 °C. Moreover, for terephthalic acid, the weight loss occurs in one-step between 250 °C and 325 °C, as shown by the DTG curve (fig. 5b). This weight loss corresponds to the total degradation of the material. In the case of terephthalic acid treated by DBD, the weight loss occurs in two steps. The first one relatively low of 0.9 % is between 125 °C and 165 °C, and the second one, like terephthalic acid pristine, takes place between 250 °C and 325 °C, as seen in figure 5c, 
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  corresponds to the total degradation of the material. To determine the origin of the first mass loss in terephthalic acid treated by DBD, mass spectrometry analysis was carried out during TGA. The analysis reveals that the first weight loss is assigned to the detected masses m/z = 15 and m/z = 16 (fig.5c), with a threshold temperature Tth of 142°C and a maximum degassing temperature Td at 162°C. This indicates that the first weight loss can be attributed to the degassing of NH and NH2 amino groups, respectively.
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  this work, an amino pre-functionalization study of terephthalic acid ligand by a NH3 DBD plasma treatment are investigated. The different diagnostic and characterization techniques performed in the present study demonstrate the effectiveness of the DBD plasma treatment to graft amino groups into the organic ligand. The plasma diagnostics reveal the short duration of the DBD discharge, the stability of the plasma treatment over the process time, and the presence of nitrogen-containing radicals in the discharge, especially N2 and NH. X-Ray diffraction pattern of terephthalic acid treated by DBD reveals the presence of an ammonium hydrogen terephthalate phase together with the phase of untreated terephthalic acid, thus showing that the material undergoes structural modification due to the DBD treatment. TGA-MS curves show that untreated terephthalic acid and terephthalic acid treated by DBD have the same thermal stability (total loss at ~325 °C). DTG measurements show that terephthalic acid treated by DBD exhibits two weight loss steps; the first slight loss of 0.9 % in mass around 125 °C-160 °C is attributed to the degassing of amino groups (NH, NH2). The second loss, as for terephthalic acid untreated, occur between 250 °C and 325 °C and is assigned to the total deterioration of the material. XPS analyses show the presence of nitrogen in the material treated by DBD and evidence that the grafting of the amino group occurs at the functional carboxyl group (-COOH) of terephthalic acid by substituting the C-OH bond by C-NH2 bond. This proves the capacity of the DBD plasma treatment to perform pre-functionalization by grafting amino groups on the organic ligand, which could be useful to synthesize MOFs with amino-based organic ligands.

  

  

  

  

  

  

  

Table 1 .

 1 Indexation of diffraction peaks of terephthalic acid treated by DBD shown in figure

	4.							
	2 (°)	15.54	19.31	23.83	26.23	28.96	30.66	34.15
	d (Å)	5.68	4.58	3.72	3.38	3.12	2.91	2.61
	plane	(002)	(202)	(110)	(402)	(600)	(-312)	(204)

Table 2 .

 2 Lattice parameters of terephthalic acid and ammonium terephthalate.

Table 3 .

 3 XPS data of the chemical elements present in the two samples.