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This work outlines a study to gain further understanding of the interactions of two interesting materials, the reduced graphene oxide, and porphyrin nanostructured. We seek to address the changes occurring in morphological and opto-structural properties of the resultant composite material using different spectro-scopies and by changing pH values. The structural analysis by X-ray diffraction suggests an enhancement of the composite structure, which is further confirmed by the scanning electron microscopy. The acidity effect on the resulting properties was investigated by preparing multiple samples with different pH val-ues. The optical properties highlighted the photoluminescence intensities quenching in the composite for optimum pH values, which is a favourable property for inserting in energy applications. Furthermore, the study of electron-hole pair dynamics was conducted by means of Time resolved photoluminescence. Obtained results prove that the excitons exhibit a longer lifetime for the composite sample and therefore confirming the electron transfer from porphyrin nanostructured to reduced graphene.

Introduction

The two dimension allotrope of carbon, presents one of the most widespread and studied materials in this field since its discovery in 2004 [START_REF] Geim | The rise of graphene[END_REF], thanks to the its outstanding physical and opti-cal properties as well as its potential of use in a multitude of electronic and medical fields [START_REF] Liu | Structure, energy, and structural transformations of graphene grain boundaries from atomistic simulations[END_REF][START_REF] Brownson | Graphene electrochemistry: fundamental concepts through to prominent applications[END_REF][START_REF] Zeng | Electroactive cellulose-supported graphene oxide interlayers for Li-S batteries[END_REF][START_REF] Yen | Preparation of graphene/multi-walled carbon nanotube hybrid and its use as photoanodes of dye-sensitized solar cells[END_REF].

The graphene synthesis techniques has known great develop-ment in the last years, depending on the desired application varying from epitaxial growth, chemical vapor deposition, and chemical methods that include the synthesis via Hummers method, that we used in this work [START_REF] Wang | Preparation of graphene nanosheets through detonation[END_REF][START_REF] Omar | venturini photoluminescence quenching and structure of nanocomposite based on graphene oxide layers decorated with nanostructured porphyrin[END_REF][START_REF] Singh | Microwave absorbing properties of a thermally reduced graphene oxide/nitrile butadiene rubber composite[END_REF]. The tuning of the final properties of graphene is achieved by functionalization and mixing with other organic and inorganic materials [START_REF] Tang | Structure-stability relationships for graphene-wrapped fullerene-coated carbon nanotubes[END_REF][START_REF] Einarsson | 2 -Synthesis of carbon nanotubes and graphene for photonic applications[END_REF].

Reduced graphene oxide (RGO) is considered as an efficient and easy-synthesis substitute for graphene, thanks to the possibility of production via a chemical reduction of graphene oxide (GO) already prepared by oxidation of pristine graphite using Hummer's method [START_REF] Bajjou | Structural and photophysical studies of few layers of reduced graphene oxide functionalized with Sn(IV) tetrakis (4-pyridyl)porphyrin dichloride[END_REF][START_REF] Anass | Improving optical properties of in situ reduced graphene oxide/poly(3-hexylthiophene) composites[END_REF].

Porphyrins present a kind of conjugated organic molecules based on macrocycle pyrroles linked via methine bonds [START_REF] Wang | Porphyrin nanotubes by ionic self-assembly[END_REF][START_REF] Xu | Synthesis, characterization and properties of covalently linked porphyrin-naphthalimide pentamer and its metal complexes[END_REF]. They have been widely used in composites because of their trans-ferable properties to carbon nanomaterials such as carbon nan-otubes and graphene, via functionalization. The strong conjugation of porphyrin comes from the high number of delocal-ized electrons offering great photophysical properties allowing successful interactions with other conjugated materials [START_REF] Radivojevic | Self-organized nanofibers and nanorods of porphyrins bearing hydrogen bonding motifs[END_REF][START_REF] Serpone | Photoluminescence and transient spectroscopy of free base porphyrin aggregates[END_REF][START_REF] Angaridis | Functionalized porphyrin derivatives for solar energy conversion[END_REF].

The porphyrin, with an extended p-bond system, was mixed with RGO samples that plays the role of electron acceptors thanks to its low bandgap [START_REF] Murali Krishna | Synthesis and structural, spectroscopic and nonlinear optical measurements of graphene oxide and its composites with metal and metal free porphyrins[END_REF], has given rise to a composite with enhanced optical properties translated with higher absorption intensities and photoluminescence (PL) quenching. Electron-hole dynamics were further investigated by time resolved photolumi-nescence (TRPL), and showed the enhancement of transport and relaxation of the photogenerated excitons. pH effect was investi-gated to better determine the factors affecting the optical and elec-tronics processes. In this paper, we report also the modification of structure and surface by means of X-Ray Diffraction (XRD) and Scanning electron microscopy (SEM).

Setup

We proceed by synthesizing graphene oxide from graphite powder using Hummer's method [START_REF] Bajjou | Structural and photophysical studies of few layers of reduced graphene oxide functionalized with Sn(IV) tetrakis (4-pyridyl)porphyrin dichloride[END_REF]. After the GO solution is prepared, a reduction step is fulfilled by using hydrazine hydrate. The obtained RGO solution submitted a sonication process in order to better exfoliate the graphene sheets. Porphyrin nanostructured, synthesis procedure is described in our early works [START_REF] Omar | venturini photoluminescence quenching and structure of nanocomposite based on graphene oxide layers decorated with nanostructured porphyrin[END_REF][START_REF] Khenfouch | Photoluminescence and dynamics of excitation relaxation in graphene oxide-porphyrin nanorods composite[END_REF]. Afterwards the final nanocomposite was further sonicated at room tem-perature for 30 min to ensure homogeneity, and drop casted finally on glass substrates.

X-ray diffraction (XRD) measurements were performed with Bruker's D8 advanced X-ray diffractometer using CuKa radiation (k = 1.5418° Å). SEM images were obtained using a JEOL JSM 7600F. UV-Vis spectra were measured with a PerkinElmer LAMBDA 950/1050 UV/VIS/NIR spectrophotometers are dual-beam, dual-monochromator instruments equipped with an optional 150 mm integrating sphere accessory. The steady-state photoluminescence spectra were recorded using a Jobin-Yvon flu-orolog 3 with kexc = 420 nm and luminescence dynamics spectra were obtained at room temperature using a Jobin-Yvon Fluorolog spectrometer with a CCD detector.

Results and discussion

X-Ray diffraction

XRD is used to understand the structural order and its modifica-tion in the RGO-PN composite samples. Fig. 1. shows the XRD pat-terns of RGO, PN, and RGO-PN composite films. We can see that the characteristic diffraction peak of RGO arises at 2h = 23.4°, which is attributed to the diffraction from the (0 0 2) plane [START_REF] Cheng | Synthesis of graphene paper from pyrolyzed asphalt[END_REF][START_REF] Del Pino | Laser-induced chemical transformation of graphene oxide-iron oxide nanoparticles composites deposited on polymer substrates[END_REF][START_REF] Yeon | Enhanced anode performance of micro/ meso-porous reduced graphene oxide prepared from carbide-derived carbon for energy storage devices[END_REF]. This diffraction peak is wide and thus indicating a good reduction of GO, giving therefore rise to the irregularity in the interlayer spac-ing at the edges or inside the RGO sheets. In the RGO-PN composite pattern we can see the characteristic (0 0 2) of the RGO at 2h = 23.4° (dspacing = 3.78 nm) interfering with the PN peaks. The RGO diffraction peaks intensity exhibit a slight decrease in the composite sample, meaning that the presence of PN changes the structure of RGO which is proved by the increase in d-spacing between the RGO sheets. The increase in the inter-planar distance can be attributed to the effect of PN trapped in RGO layers leading to their expansion and eventually their exfoliation. These results will be better conceived by scanning electron microscopy results.

Morphological analysis

Scanning Electron Microscopy images of the RGO, PN and RGO-PN composite films are presented in Fig. 2. The RGO sample pre-sented in Fig. 2a exhibits the wrinkled sheet structure generally found in literature [START_REF] Remyamol | Synthesis and nonlinear optical properties of reduced graphene oxide covalently functionalized with polyaniline[END_REF].

The PN sample is presented in Fig. 2b shows a grain structure agglomerated with a good homogeneity in the surface. The com-posite exhibited in Fig. 2c shows a modified RGO sheet structure with small PN particles embedded within. Brighter zones in the composite image could be attributed to the arising edges or entire RGO sheets, proving the increase in d-spacing between the RGO sheets already discussed. These results can be explained by the presence of electronic interactions between reduced graphene oxide sheets and PN that will be further investigated by optical studies.

UV-Visible absorption

The UV-Visible absorption spectroscopy is an important tool to gain a better insight in the optical processes taking place within the composite and the resulting interaction as well as their effect on the optical properties. We conducted a study based on the variation of pH value as a key factor, and observed the absorption by means of UV-Vis absorption spectroscopy on the RGO and RGO-PN solutions at different pH values. In Fig. 3a we can observe in the acidic range from pH 2 to 5 that the characteristic peak of RGO is more pronounced and better resolved, however in the basic range we can see the rise of a shoulder around 300 nm especially when reaching pH 10, as well as a widening of the characteristic band of RGO. The change of the characteristic band at 250 nm is explained by the restoration of RGO's conjugated structure [START_REF] Oldfield | Multilayered graphene films prepared at moderate temperatures using energetic physical vapour deposition[END_REF][START_REF] Wang | ZnO disks loaded with reduced graphene oxide for the photodegradation of methylene blue[END_REF][START_REF] Tian | Optical and electronic properties of thin films and solutions of functionalized forms of graphene and related carbon materials[END_REF]. The absorption intensity of the RGO increases gradually with pH value. The RGO UV-Vis absorption spectra presented a depen-dency of the pH value, which can be attributed to p-p stacking property which can play an important role in the absorption process.

The RGO-PN composite spectra for different pH values are shown in Fig. 3b. For the acidic range from pH 2 to 7 we can always see the RGO characteristic peak around 240 nm and the rise of a new peak and a small shoulder attributed to the PN. Remarkably, the same observations made for the 240 nm peak in the RGO can be attributed to the composite in the acidic range, while an increase in the 420 nm is noted due to both, the PN component and the pH higher levels.

In Fig. 3b in the basic range we observe a declining trend of the intensity of the PN characteristic peak that goes in reverse to the increase trend already observed in the acidic region. This behavior can allow to fix an optimal level of pH value for a maximum level of absorption for the composite which lays around the pH 8. This can be explained by the restoration of the conjugated structure in addition to the improvement of the interaction between the RGO sheets and PN when pH value is increasing up to a pH 8 level. 

Steady state photoluminescence

The PL spectroscopy is an effective way to probe the electronic structure of materials. Steady state PL measurements were conducted in order to observe the evolution of PL spectra of the RGO and PN samples and how it relates to the generated electronhole pairs properties. Fig. 4 shows the PL spectra of RGO, PN and the PN-RGO composite.

The Fig. 4 exhibits PN spectrum, that is characterized by two key bands at 650 and 714 nm [START_REF] Omar | venturini photoluminescence quenching and structure of nanocomposite based on graphene oxide layers decorated with nanostructured porphyrin[END_REF], while the RGO sample shows a large emission over the red and near infrared region, rather than distinct bands. The compound PL spectrum present two main peaks at 620 and 690 nm, these emissions can be attributed to the presence of isolated sp2 groups in the sp3 carbon matrix, as well as resulting from the electron recombination already generated on the PN, with the holes generated and concentrated in the RGO surface [START_REF] Bajjou | Structural and photophysical studies of few layers of reduced graphene oxide functionalized with Sn(IV) tetrakis (4-pyridyl)porphyrin dichloride[END_REF][START_REF] Matsuda | 1 -Fundamental optical properties of carbon nanotubes and graphene[END_REF]. The composite PL spectrum exhibits a more distinct emission peak at 650 nm which is attributed to higher absorption in the composite as well as the interface interaction between the RGO and the PN which facilitates the emission of the already absorbed energy. This intensity of the composite is obtained for pH7 which makes it a perfect value for both application in absorption and emission purposes.

The quenching observed for the composite PL spectrum can be attributed to the interaction between RGO and PN. This extinction can be explained by an efficient charge/energy transfer between the two components.

3D PL mapping

The 3D photoluminescence mapping of the RGO, PN and RGO-PN composite is shown in Fig. 5. the false color images show qual-itatively that the PL emission intensity presents some changes when RGO is inserted in the PN matrix. These results confirm the quenching effect already observed in the steady state PL in the previous section. The photogenerated excitons decline spectra are subsequently extracted from these 3D PL mapping images.

TRPl

TR-PL spectroscopy is a strong tool to extract useful information about the dynamics and lifetimes of photogenerated excitons as well as the mechanisms taking place between RGO and PN compo-nents in the excited state. The PL decay measurements of PN and the RGO-PN composite in solutions were extracted from the false color image in Fig. 5. which are excited at a wavelength of 400 nm and a probe wavelength of 620 nm Fig. 6.

The PN component exhibits two different exciton lifetimes obtained for s1 = 16 ps and s2 = 315 ps mentioned in Table 1. The key changes in exciton dynamics created in PN after their interac-tion with RGO was perceived in the increase in the larger compo-nent s2, which increased from 315 to 396 ps Table 1. This can be interpreted by the alteration of their energy band structure due to the role of RGO related to the size of the sp2 clusters, leading to a retardation in recombination of the interband carriers [START_REF] Velasco-Soto | Selective band gap manipulation of graphene oxide by its reduction with mild reagents[END_REF].

The TRPL measurements bring into light the important effect of PN particle size and their aggregation on the excitons lifetime. Consequently we can infer a considerable change of the composite optical properties. Furthermore, the results of this work showed notable emission extinction and an increase in the average lifetime of excitons. These results constitute a proof to the presence of energy/ charge transfer between PN and RGO sheets, which is very appealing for optical applications [START_REF] Liang | Novel D-p-A structured porphyrin dyes containing various diarylamino moieties for dye-sensitized solar cells[END_REF][START_REF] Mongwaketsi | Synthesis and characterization of porphyrin nanotubes/rods for solar radiation harvesting and solar cells[END_REF]. 

Conclusion

To sum up, our results show that RGO-PN composite presents an enhanced structural order as well as better absorption and emission properties. XRD spectroscopy results imply the improve-ment of the overall structure after inserting RGO in the PN Matrix. The pH effect study suggests an enhanced optical absorption for higher pH up to a slightly basic value. Furthermore, the results of the PL measurements in steady state and time resolved showed a notable emission quenching and an increase in the photogenerated excitons lifetime. This study have provided further evidence of an overall enhancement of the optical properties that can be achieved by monitoring the pH value in order to obtain electron transfer between the two components of the composite.
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 2 Fig. 2. SEM images of: (a) RGO, (b) PN and (c) RGO-PN composite films.
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 3 Fig. 3. (a) UV-Vis absorption of RGO (b) RGO-PN composite.

Fig. 4 .

 4 Fig. 4. PL spectra of RGO, PN and the PN-RGO composite.
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 5 Fig. 5. False color images of RGO, PN and RGO-PN.
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 6 Fig. 6. The PL decay time spectra of PN and the RGO-PN composite.

Table 1

 1 Excitons lifetime of PN and RGO-PN.

	Sample	s1(a1 )	s2 (a2)	smoy(ps)
	PORPHYRIN	16(2.20)	315(0.23)	217
	RGO-PN	27(3.12)	396(0.41)	270
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