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Introduction

In the last few years, advanced multifunctional hybrid materials have been intensively studied to satisfy the need of ever smaller tunable devices for nanoelectronics. Multiferroic materials, in which magnetic and electric properties are coupled, are of great interest since they allow the control of the magnetization by an electric field in spintronics devices. 1,2 Intrinsic or single-phase multiferroics have been mostly studied and are generally inorganic (perovskite structures). Their main drawback is to be processed as thin layers by costly physical techniques; moreover, electric and magnetic orders can tend to be mutually exclusive. [START_REF] Jain | Multiferroic Behavior Associated with an Order-Disorder Hydrogen Bonding Transition in Metal-Organic Frameworks (MOFs) with the Perovskite ABX3 Architecture[END_REF] Extrinsic or artificial materials consist in the combination of the properties of two separate materials, one being ferromagnetic (FM) and the other being ferroelectric (FE), in nanostructured materials. The magnetoelectric coupling in these systems strongly depends on the elastic strain transmission from the FE material to the FM one. [START_REF] Zheng | Multiferroic BaTiO3-CoFe2O4 nanostructures[END_REF] In this context, polymerbased nanocomposites are now drawing attention because of the flexibility of the polymer [START_REF] Martins | [END_REF] , that is expected to promote the strain transmission at the hybrid interface. Most of the studies relate the synthesis of materials from ferrite nanoparticles (e.g. BaFe12O19, CoFe2O4, NiFe2O4) and ferroelectric fluoropolymers, usually obtained by simple dispersion of the as-prepared particles in the preformed polymer or by blending. [START_REF] Deka | and Properties of M/MFe2O4 and PVDF/M/MFe2O4 (M = Co, Ni) Magnetic Nanocomposites[END_REF][START_REF] Andrew | [END_REF][START_REF] Carvell | Induced magneto-electric coupling in ferroelectric/ferromagnetic heterostructures[END_REF] Among fluoropolymers, PVDF presents the simplest repeat unit, and is much studied because of its polymorphism that depends on the processing method. α, β and γ are mainly investigated due to their respective properties. β and γ phases are the most electroactive and are leading to extensive applications (spin-valves devices, sensors, energy storage, etc.) while α is the easiest phase to be obtained. Even non-polar, α can be very interesting to carry out α to β transformation by stretching. Ruan and al. reported recently the main processing techniques of the PVDF β-phase [START_REF] Ruan | Properties and applications of the β phase poly(vinylidene fluoride)[END_REF] but do not insist so much on the inclusion of fillers in the PVDF matrix. In addition of driving the crystallization of the β polymorph, the fillers bring new properties in the resulting nanocomposites, combining the properties of both components, fillers and matrix. However, because of the differences in surface features between the inorganic and organic components, magnetic NPs are difficult to disperse naturally in the polymer matrix, affecting the resulting properties of nanocomposites. Hence, the tailoring of the organic-inorganic hybrid interface is crucial for the development of high-performance advanced materials. Among many strategies leading to polymer-based magnetic nanocomposites, with well-organized arrays of NPs, the surface functionalization of NPs by various organic functions is used to increase their miscibility in polymers and organic common solvents. Coupling agents, bearing two different functional groups, such as phosphonic acids [START_REF] Mutin | [END_REF]11,12 or organosilanes, [START_REF] Bourgeat-Lami | Organic-inorganic nanostructured colloids[END_REF] have received much attention because they can be covalently grafted to the surface of NPs (whereas carboxylic acids can be leached easily).

In the present case, PVDF based hybrids are difficult to control because the dispersion of the nanofillers must be controlled as well as the crystallization of the β polymorph must be driven. However, the presence of nanoparticles such as metal oxide ferrites, mainly cobalt but also nickel and zinc, barium titanate (BaTiO3), etc. inside the polymer seems to have a beneficial influence on the preferential crystallization of the β-polymorph. However, the nanoparticles have been often used as-prepared, without any surface functionalization; in this case, electrostatic interactions have been involved to drive the desired polymer morphology. [START_REF] Martins | [END_REF][START_REF] Martins | Interface characterization and thermal degradation of ferrite/poly(vinylidene fluoride) multiferroic nanocomposites[END_REF][START_REF] Martins | [END_REF] 
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Ref. -No substantial differences in the ferroelectric, piezoelectric, magnetic and ME response of samples prepared with and without surfactants. As the piezoelectric properties of the matrix were not affected by the presence of NPs.
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As an aside to the studies mentioned in Table 1, other nanomaterials have been introduced

in PVDF, among them clays (e.g. montmorillonite [START_REF] Fu | Crystalline phase of inorganic montmorillonite/poly(vinylidene fluoride) nanocomposites: influence of dispersion of nanolayers[END_REF] ) or carbon nanotubes. 24,[START_REF] Ferreira | Piezoresistive response of spray-printed carbon nanotube/poly(vinylidene fluoride) composites[END_REF][START_REF] Dang | D nanomaterial-polymer dielectric composites with high permittivity for power energy storage applications[END_REF] Huang et al.

have reported the successful use of 1H,1H,2H,2H-perfluorooctyltriethoxysilane for a covalent functionalization of graphene (rGO) prior its introduction in PVDF; 27 the authors observed an improvement of the dispersion of rGO as well as an enhancement of the mechanical and electrical properties in comparison with the use of non-covalent functionalization by polythiophene-graft-poly(methyl methacrylate) for example. [START_REF] Maity | Synergistic interfacial effect of polymer stabilized graphene via non-covalent functionalization in poly(vinylidene fluoride) matrix yielding superior mechanical and electronic properties[END_REF] Micronic BaTiO3 nanoparticles as well as nanofibers 29 have also been introduced in PVDF to enhance the piezoelectric properties; sometimes they have been hydroxylated by H2O2 30 or coated by dopamine [START_REF] Lin | Surface functionalization of BaTiO3 nanoparticles and improved electrical properties of BaTiO3/polyvinylidene fluoride composite[END_REF] , polydopamine [START_REF] Jia | Enhanced electroactive and mechanical properties of poly(vinylidene fluoride) by controlling crystallization and[END_REF] in order to promote hydrogen bonds between NPs and PVDF or functionalized by tetradecylphosphonic acid [START_REF] Ye | Crystallization kinetics and phase transformation of poly(vinylidene fluoride) films incorporated with functionalized BaTiO3 nanoparticles[END_REF] , aminopropyltriethoxysilane [START_REF] Vacche | Effect of silane coupling agent on the morphology, structure, and properties of poly(vinylidene fluoride-trifluoroethylene)/BaTiO3 composites[END_REF] or pentafluorobenzylphosphonic acid. [START_REF] Kim | High Energy Density Nanocomposites Based on Surface-Modified BaTiO3 and a Ferroelectric Polymer[END_REF] More complex nanomaterials such as CoFe2O4 covered by 0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3 nanofibers have been introduced in PVDF matrix to enhance the dielectric properties of PVDF. [START_REF] Chi | [END_REF] We are focusing our study on CoFe2O4-PVDF multiferroic materials among all the compositions that have been reported in the literature. To increase the miscibility of cobalt ferrite nanoparticles and hence their dispersion in PVDF solution in DMF, we propose, first to functionalize the surface of NPs by 1H,1H,2H,2H-Perfluorooctanephosphonic acid (PFOP).

Phosphonic acids present the main advantage to react easily with oxide nanoparticles, without any side-products from condensation reactions (contrary to organosilanes) and without any degrafting (contrary to carboxylates). We chose to use a C8 chain bearing fluorine atoms to mimic a small oligomer chain that should ensure a hydrophobic feature of the surface of the nanoparticles.

Experimental part

Nanoparticles. As described by Bibani et al. [START_REF] Bibani | magnetic properties of cobalt ferrite nanoparticles using the polyol process for the design of polymer-based multiferroic materials[END_REF] , 13 nm in size sub-stoichiometric ferrimagnetic Co0.7Fe2.3O4 nanoparticles (NPs) have been produced through the polyol process, involving the forced hydrolysis and condensation of cobalt and iron acetates (Aldrich and Acros respectively) [START_REF] Ammar | Magnetic properties of ultrafine cobalt ferrite particles synthesized by hydrolysis in a polyol medium[END_REF][START_REF] Baldi | Cobalt ferrite nanoparticles: The control of the particle size and surface state and their effects on magnetic properties[END_REF] in triethyleneglycol (TriEG) (Aldrich) as the reaction medium.

Then, 100 mg of nanoparticles have been dispersed in 100 mL of tetrahydrofuran (THF) and sonicated for 30 min prior the introduction of 32 mg of 1H,1H,2H,2H-Perfluorooctanephosphonic acid (PFOP) (Aldrich). The mixture has been sonicated for 60 min. Finally, the NPs have been precipitated by acetone, recovered by magnetic decantation, washed several times by centrifugation with a mixture of THF-acetone (1/2 v/v) and dried at 60 °C for 24 hours. 97 mg have been recovered and quoted NP-PFOP.

PVDF based self-standing films. According to the procedure previously described by Mammeri et al. [START_REF] Ourry | Influence of nanoparticle size and concentration on the electroactive phase content of PVDF in PVDF-CoFe2O4-based hybrid films[END_REF][START_REF] Ben Osman | induced α to β allotropic transformation of flexible poly(vinylidene fluoride)-CoFe2O4 hybrid films: The role of nanoparticles inclusion[END_REF] , PVDF (Mw = 534 000 g mol -1 , Aldrich) and PVDF-NPs self-standing films have been prepared, using N,N-dimethylformamide (DMF) as a common solvent. The amount of NPs (either as-prepared or functionalized by PFOP) was tuned from 5 mg to 15 mg in the presence of 100 mg of PVDF, corresponding to 4.8 and 13.0 wt-% respectively. All compositions have been processed in an oven at 80 °C for 60 min, 100 °C for 45 min and 120 °C for 30 min each before being peeled from glass substrates by immersion into cold water to obtain self-standing films. Transparent films have been obtained with a thickness of between 20 and 50 μm. As the concentration of NPs increases, the films tend to turn gray. nanoparticles (before and after functionalization) have been pressed on a glass slide to form a "film" on which the drop has been deposited. To determine the surface charge of the prepared NPs, their ζ potential was measured at room temperature starting from their aqueous solution
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(1 g L -1 ), using a Malvern Nano Zetasizer, after vigorous sonication for 10 min.. Differential scanning calorimetry (DSC) has been performed with a TA Q10 under a nitrogen atmosphere at a heating rate of 10 °C min -1 to determine the degree of crystallinity of the polymer (Xm c ).

Finally, infrared (IR) spectroscopy has been carried out on a Nicolet 8700 using an ATR instrument; spectra have been recorded between 4000 and 650 cm -1 with a resolution of 4 cm - 1 . this doublet and the two shake-up satellites evidences the presence of Co 2+ cations in the highspin state. [START_REF] Ourry | [END_REF] Then, the C 1s high-resolution spectra before and after functionalization are depicted in Figure 2. Before functionalization, the presence of the C 1s peak evidences that organic matter (polyol and acetate molecules) remains at the NP surface. Indeed, the decomposition of the high resolution C1s spectrum presents two components at 286.4 and 288.7 eV, attributed to C-O and C=O respectively. Besides, the presence of acetates can be confirmed from the IR spectrum of the nanoparticles (Figure S4 in ESI): we observed 2 peaks, at 1417 and 1599 cm -1 (∆ν ∼ 185 cm -1 ) characteristic of νsym(COO) and νasym(COO) of the acetate group linked to Co(II) cation (instead of 2 peaks at 1395 and 1550 cm -1 (∆ν = 185 cm - advantages of the polyol process is that the solvent molecules are also playing the role of ligands complexing the NP surface to control the growth step (size and shape of the NPs).

Results and Discussion

Functionalization of

After functionalization, the C 1s peak decomposition allows the assignment of the fluorinated groups borne by the phosphonic acid. The chemical composition of as-prepared NPs and NP-PFOP are gathered in Table 2. Cobalt atomic percentage is always found to be higher than that of iron for all nanoparticles, either bare or functionalized. This trend has already been explained in previous works, considering the free mean paths of both elements. [START_REF] Martins | Electroactive phases of poly(vinylidene fluoride):Determination, processing and applications[END_REF] All these results allow us to conclude to a successful grafting of 1H,1H,2H,2H-Perfluorooctanephosphonic acid at the surface of Co0.7Fe2.3O4 NPs. Thermogravimetric measurements have been done (Figure S5 in ESI). The weight loss is about 10% for the as-prepared NPs and about 20% for the NP-PFOP, revealing the presence of additional organic matter. No oxidation upon heating has been observed. Besides, we deduced the grafting density of the PFOP molecules (2.5 molecules nm -2 ) from the weight loss observed at 250 °C (sample Co0.67Fe2.33O4) and at 380 °C (sample NP-PFOP). [START_REF] Ammar | Magnetic properties of ultrafine cobalt ferrite particles synthesized by hydrolysis in a polyol medium[END_REF] measurements presented previously. While the drop of water moistens the surface of asprepared nanoparticles, the contact angle can be measured at the surface of a pellet of NP-PFOP (Figure 3) and found to be ca. 125° revealing a highly hydrophobic surface, suitable to improve the dispersion of the NPs in the PVDF matrix through hydrophobic interactions. This can be correlated to the zeta potential measured before and after functionalization, that has been tuned from +7.4 to -20 mV. Indeed, the nucleation of the electroactive β-phase is attributed to the interaction between the negatively charged particles and the polymer CH2 groups, having a positive charge density which induce an extended TTTT conformation aligned on the surface of nanoparticles. 

Microstructure of the PVDF based films

Methodology. Several samples have been prepared, varying the amount of NPs (between 0 and 13.0 wt-%), the annealing temperature (between 80 and 120 °C) and using either asprepared NPs or NPs functionalized by PFOP. For all samples, the crystallinity degree and the fraction of β-phase have been evaluated by DSC and IR spectroscopy respectively.

The amount of β-phase has been determined using two different absorption bands at 764 and 840 cm -1 , characteristics of the αand βphases, respectively. The infrared absorption follows the Beer-Lambert law and the Aα and Aβ absorbance at 764 and 840 cm -1 , respectively, are given by:

, = , , = × , × , ×
Where L is the sample thickness; C is the average monomer concentration; α and β refer to the crystalline phases; I 0 and I are the incident and transmitted intensities of the radiation, respectively; K is the absorption coefficient at the respective wavenumber; and X is the crystalline mass fraction of α and β. The value of Kα is 6.1 × 10 4 and Kβ is 7.7 × 10 4 cm 2 mol - 1 . [START_REF] Martins | Electroactive phases of poly(vinylidene fluoride):Determination, processing and applications[END_REF] For a system containing αand β-phases, the relative fraction of the beta phase F(β) can be calculated: 45
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The degree of crystallinity (Xm c ) of the films of PVDF has been determined after measuring the melting enthalpy (∆Hm, area of the endothermic peak at ∼ 160 °C). (∆Hm) determination being based on the weight of the polymer that has been analyzed, a correction must be done prior the analysis in the case of PVDF based hybrids. Assuming a value of 104.6 J g -1 as the heat of fusion of the perfect crystalline PVDF (whatever the polymorph, since (ΔH100% crystalline)α = 93.04 J g -1 and (ΔH100% crystalline)β = 103.4 J g -1 ), [START_REF] Wu | The role of surface charge of nucleation agents on the crystallization behavior of poly(vinylidene fluoride)[END_REF] Xm c can be expressed as:
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All the results are gathered in Table 3. Neat PVDF films. We clearly observed that an increase of the annealing temperature is inducing a decrease of the polar phase in the PVDF films. This trend is in good agreement with the literature since β-phase is known to be promoted when PVDF is processed at low temperatures (e.g. 60 °C, Table 3) while α-phase is predominant at high temperatures (ranged between 120 and 240 °C). However, the films processed at low temperature are generally known to be porous and hence, more brittle. [START_REF] Kim | High Energy Density Nanocomposites Based on Surface-Modified BaTiO3 and a Ferroelectric Polymer[END_REF] Introduction of as-prepared Co0.7Fe2.3O4 NPs in PVDF films. For each composition in nanoparticles, the degree of crystallinity (Xm c ) reaches a maximum when the films are annealed at 100 °C. The degree of crystallinity of the films processed at 80 °C and 120 °C are similar and lower. For each series processed at the same temperature, Xm c decreases or remains constant when the amount of NPs is increasing. This last result can be explained by the decrease of the macromolecular segments of the PVDF when nanoparticles are added.

However, the Xm c values obtained in this study are satisfying regarding the values reported in the literature, that are generally about 60 %, explaining the flexibility of PVDF films. [START_REF] Scheinbeim | Polymer Data Handbook[END_REF] When as-prepared NPs are added in the PVDF films, the general trend that has been observed is a significant increase of the β-phase fraction in the crystalline component of the polymer when the amount of NPs increases, whatever the annealing temperature. The sole anomaly was observed for the samples containing 13.0 % of NPs and annealed at 120 °C; the fraction of polar phase is found to be very low. This can be explained by an easier mobility of the macromolecular segments of PVDF and the propensity of PVDF to crystallize rather in αpolymorph than β when the processing temperatures increase. The introduction of 13 nm nanoparticles is clearly promoting the crystallization of PVDF into the β polymorph rather than into α one.

The Figure 4 Influence of a suitable functionalization of NPs on the β-phase crystallization.

From Table 3 and Figure 5, we can evidence that the functionalization of 13 nm NPs by PFOP is increasing unambiguously the fraction of β-phase for temperatures ranging between 80 and 120 °C; these processing temperatures are quite high in comparison with those used to crystallize neat PVDF into β-polymorph (90% and 45% β-phase at 60 °C and 80 °C). One can notice that all β fractions are higher than 70 % inside the grains of all hybrid films containing nanoparticles functionalized by 1H,1H,2H,2H-Perfluorooctanephosphonic acid. It is also noteworthy to mention that, in the case of functionalized NPs (NP-PFOP), the use of higher amounts of NPs (13.1 wt-%) are not hindering the crystallization of the polar phase inside the grains. At 120 °C, we observed the highest β-phase proportion when increasing the amount of NPs functionalized by PFOP. Moreover, for a same amount of nanoparticles in PVDF, the whole crystallinity of the films remains constant or has been slightly improved using NP-PFOP. Functionalized NPs can be better dispersed and, as they play the role of nucleating agents, more spherulites can then grow. In the same time, when the amount of NP-PFOP increases, the same trend than for as-prepared NPs has been observed: the crystallinity is decreasing since the introduction of NPs is slightly hindering the chain mobility. However, the values remain higher than those found for hybrids containing as prepared NPs (Figure 6).

The crystallization of PVDF: a story of polarity.

PVDF is a highly polar polymer, due to the presence of fluorine atoms. The crystallization of the most polar polymorph, namely β, is thus depending on all the polar species in contact with the polymer during the crystallization since they can either affect or drive the conformations adopted by the PVDF. In the present case, the polarity of the nanoparticles must have a strong influence on the crystallization behavior of PVDF. It is important that ion-dipole or dipoledipole interactions can be promoted with the partially negative CF2 dipoles of PVDF, making the nucleation easier, the crystallization faster and driving the formation of γ and β chain conformations.

The perfluoro group of 1H,1H,2H,2H-Perfluorooctanephosphonic acid seems to exhibit strongest dipoles than acetates and triethyleneglycol molecules that are complexing the asprepared NPs. This can explain than more Van der Waals interactions can be promoted between NPs and PVDF when NP-PFOP are used, leading to better miscibility of the NPs in the polymer and explaining the desired β conformation taken by the polymer chains.

Conclusions

PVDF-based hybrids self-standing films have been prepared using cobalt ferrite nanoparticles, functionalized by 1H,1H,2H,2H-Perfluorooctanephosphonic acid or not. In comparison with neat PVDF, the benefits of using hybrids (containing 5-10 w-% of NPs) are that the films can be processed at higher temperatures (T ∼ 80-100 °C) instead of 60 °C and that, simultaneously, an increase of polar β-PVDF amount has been observed.

We evidenced the successful functionalization of cobalt ferrite nanoparticles by 1H,1H,2H,2H-Perfluorooctanephosphonic acid, able to bind the surface of nanoparticles and bearing a fluoro group, of the same chemical nature than those borne by PVDF. The use of NP-PFOP has induced a better crystallinity degree as well as an improvement of the crystallization of β-PVDF polymorph.

These results highlight the crucial role of the hybrid interface, when tailored through a suitable surface chemistry, on the morphology developed by the hybrid films and, we hope, on the resulting properties, in term of stress-strain transmission between nanoparticles and PVDF when a piezoelectric effect is desired.
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  Two dispersion routes of NPs in polymer:ultrasound and citric acid surfactation of NPs.

  polymer nucleation if ∅ < Rg (radius of gyration of polymer = 27.5 nm) suggesting that either NPs are nucleating βphase epitaxially or they are interrupting the chain mobility during crystallization and more β crystals are formed. the amount of polar βphase of PVDF upon dispersion of Co NPs.

  Diffraction (XRD) patterns of the NPs have been recorded on an X'Pert Pro PANanalytical diffractometer (Co Kα radiation), in the range 10-100° (2θ) with a scan step of 0.02°. The morphology of the NPs has been determined by electron transmission microscopy (TEM), using a JEOL-100 CX II microscope operating at 100 kV. The mean diameter and standard deviation were inferred from image analysis of ca. 250 particles using ImageJ software. Thermogravimetric analyses (TGA) have been performed in air on a Labsys-Evo with a heating rate of 10 °C min -1 . The surface chemical composition of asprepared and functionalized NPs has been checked by X-ray photoelectron spectroscopy (XPS) using a Thermo VG ESCALAB 250 instrument equipped with a micro-focused monochromatic Al Kα X-ray source (1486.6eV) and a magnetic lens. The X-ray spot size was 500 µm (15 kV, 150 W). The spectra were acquired in the constant analyzer energy mode with a pass energy of 100 and 40 eV for the survey spectra and the narrow high-resolution regions, respectively. The "Avantage" software (version 4.67) was used for data acquisition and processing. The C1s peak at 285 eV, due to the adventitious contamination, was used as a reference to calibrate the binding energies for charge correction. Contact angle measurements have been carried out using a Kruss Drop Shape Analyzer DSA25 and water as the solvent;

  Figure1. The two spectra are found to be similar, exhibiting all the peaks associated to O 1s

Figure 1 .

 1 Figure 1. XPS survey spectra of NPs (a) before grafting (as-prepared); (b) after grafting

Figure 2 .

 2 Figure 2. C1s high-resolution XPS spectra of (a) as-prepared NPs; (b) NPs functionalized by PFOP.

Figure 3 .

 3 Figure 3. Contact angle measurement performed on NP-PFOP sample.

  depicts the evolution of the global β-PVDF fraction in the whole films, as a function of the amount of NPs and for the three processing temperatures. Except at 120 °C and for 13.0 % of NPs, the presence of nanoparticles contributes to increase the radius of gyration of the polymer, promoting the chain extension into the all-trans β phase despite a decrease of the overall crystallinity with the addition of NPs. Indeed, the incorporation of NPs increases the number of spherulites and thus decreases drastically the spherulite size of PVDF because the chain mobility is hindered. However, NPs can be considered as nucleating agents of the β-PVDF.[START_REF] Martins | Interface characterization and thermal degradation of ferrite/poly(vinylidene fluoride) multiferroic nanocomposites[END_REF][START_REF] Sencadas | Influence of ferrite nanoparticle type and content on the crystallization kinetics and electroactive phase nucleation of poly(vinylidene fluoride)[END_REF] 

Figure 4 .

 4 Figure 4. Global fraction of β-PVDF as a function of the amount of as-prepared nanoparticles.

Figure 5 .

 5 Figure 5. Evolution of the fraction of β-PVDF as a function the amount of nanoparticles (as prepared

Figure 6 .

 6 Figure 6. Percentage of global polar phase in PVDF-based films, depending on the amount of NPs,

  

  Table 1 present the most relevant works already reported on PVDF-based hybrid films containing 10 nm surface functionalized nanoparticles.

Table 1 .

 1 Relevant examples of hybrid films made of nanoparticles (ca. 10 nm in diameter) and fluoropolymers (mainly PVDF copolymers).

Table 2 .

 2 Elemental

	Sample	Fe	Elemental atomic composition (%) Co O C P	F
	NP (Co0.7Fe2.7O4)	5.2	5.4	36.3 53.1	-	-
	NP-PFOP	4.6	4.4	24.2 34.8	2.3	29.7

atomic composition of Co0.7Fe2.7O4 nanoparticles before and after functionalization by 1H,1H,2H,2H-Perfluorooctanephosphonic acid.

Table 3 :

 3 Percentage of polar phase, percentage of crystallinity and percentage of polar phase in crystalline phase for neat PVDF and hybrid samples containing different concentrations of NPs, either bare or functionalized. % of crystalline β-phase calculated by the multiplication of the % of polar phase determined by IR spectroscopy (Figures S5 and S6 in ESI) by the crystallinity degree determined by DSC (Figure S7 in ESI).

	Sample a	% NPs	Surface	% polar	Xm c (DSC)	% polar phase
				phase b (IR)		of the sample c
	PVDF (60;0)	0	-	90	60	54
	PVDF (80; 0)	0	-	45	47	21
	PVDF (80; 4.8)	4.8	as prepared	65	38	25
		4.8	PFOP	73	48	35
	PVDF (80; 9.1)	9.1	as prepared	63	42	26
		9.1	PFOP	78	47	37
	PVDF (80; 13.0)	13.0	as prepared	66	36	24
		13.0	PFOP	75	44	33
	PVDF (100; 0)	0	-	33	60	20
	PVDF (100; 4.8)	4.8	as prepared	64	52	34
		4.8	PFOP	75	59	44
	PVDF (100; 9.1)	9.1	as prepared	64	46	29
		9.1	PFOP	76	47	36
	PVDF (100; 13.0)	13.0	as prepared	68	47	32
		13.0	PFOP	75	44	33
	PVDF (120; 0)	0	-	33	55	18
	PVDF (120; 4.8)	4.8	as prepared	59	49	29
		4.8	PFOP	73	43	31
	PVDF (120; 9.1)	9.1	as prepared	69	37	25
		9.1	PFOP	80	49	39
	PVDF (120; 13.0)	13.0	as prepared	35	37	13
		13.0	PFOP	84	52	44

a Name (processing temperature -°C; wt.% of CoFe 2 O 4 NPs; b % β-phase based on the Infrared absorption band at 840 cm -1 ; c

) characteristic of the cobalt acetate tetrahydrate (used as precursor). One of the main

R. Ramesh, N.A. Spaldin, Nat. Mater.6 (2007) 

21-29. Multiferroics: progress and prospects in thin films.

B.P. Mandal, K. Vasundhara, E. Abdelhamid, G. Lawes, H.G. Salunke, A.K. Tyagi, J. Phys. Chem. C 118 (2014) 20819-20825. Improvement of magnetodielectric coupling by surface functionalization of nickel nanoparticles in Ni and Polyvinylidene fluoride nanohybrids.
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