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Abstract 
We report an investigation into the magnetic properties of hydrogen, nitrogen silicon functionalized vertically aligned few layers graphene (FLG) synthesized by microwave plasma enhanced chemical vapor deposition. The FLGs are hydrogenated at different substrate temperatures to alter the degree of hydrogenation and their depth profile. Nitrogenation and silicon functionalization are occurs using nitrogen plasma and silane gas respectively. The unique morphology of the structure gives rise to a unique geometry in which graphene layers are very different from other widely studied structures such as one-dimensional nanoribbons. Saturation magnetization (Ms) of pristine FLG is enhanced by over four (4) and thirty-four (34) times to 13.94 x 10-4 and 118.62 x 10-4 emu g-1, respectively, as compared to pristine FLGs (Ms of 3.47 x 10 -4 emu g-1), via plasma-based-hydrogenation (known as graphone) and nitrogenation (known as N-graphene) reactions, respectively. However, upon organo-silane treatment on FLG (known as siliphene), the saturation magnetization is reduced by over thirty (30) times to 0.11 x 10 -4 emu g-1, as compared to pristine FLG. Synchrotron based X-ray absorption near edge structure spectroscopy measurements have been carried out to investigate the electronic structure and the underlying mechanism responsible for the variation of magnetic properties. For graphone, the free spin available via the conversion of the sp2 / sp3 hybridized structure and the possibility of unpaired electrons from induced defects are the likely mechanism for ferromagnetic ordering. During nitrogenation, the Fermi level of FLGs is shifted upwards due to the formation of a graphitic like extra -electron that makes the structure electron-rich, thereby, enhancing the magnetic coupling between magnetic moments. On the other hand, during the formation of siliphene, substitution of the C-atom in FLG by a Si-atom occurs and relaxes out the graphene plane to form Si–C tetrahedral sp3-bonding with a non-magnetic atomic arrangement showing no spin polarization phenomena and thereby reducing the magnetization. Thus, plasma functionalization offers a simple yet facile route to control the magnetic properties of the graphene systems and has potential implications for spintronic applications.

Image
[image: image1.png](a)FLG (b) Graphone

40K
+- 300K

Moment (emu/g) x

4 18]
000 <1000 0 1000 2000 00 AW 0 1000 2000
1 (08) 1 (08)

ks 100} () N-Graphene () Siliphene

4K K
300K 30K

G000 0 100 200 200 00 0 100 200
00 (00




[image: image2.png]) , 3

W oo | I 0 wu (0 | (O ) UU 000 | [ ) WU 000 | [— O





Recent Publications
1. Wang and Ray et al. Scientific Reports 8, (2018) 7758:1-13.
2. Chuang and Ray et al. Scientific Reports 7, 42235:1-10 (2017)

3. Ray et al. Scientific Reports (NPG), 2014, Vol. 4, No. 3862:(1-7)

4. Wang and Ray et al. Scientific Reports (NPG), 2015, Vol. 5, No.15439:1-12
5. Ray et al. RSC Adv. 6 (2016), 70913-70924.


[image: image3]
 [image: image4.jpg]


 Biography
Sekhar Chandra Ray (PhD, University of the North Bengal, India) is a National Research Foundation (NRF) B-rated researcher in Physics. He is currently a Professor of Physics at the University of South Africa (UNISA) in Experimental Condensed Matter Physics. Prof Ray hails from India where he completed his doctoral studies which focused mainly on photovoltaic solar grade materials. He has worked as a research fellow and visiting scientist in Italy (INFM Fellow), Taiwan (NSC Fellow), Spain (ICMM, CSIC, Foreign Researcher Fellow, Ministry of Science and Technology, Spain), South Korea (Brain Pool Research Fellow, Govt. South Korea) and India (IACS, Visiting Scientist). His research group focuses on carbon nanostructure material in electronic structure / magnetic properties for the possible fabrication of spintronic devices application and bio-imaging process. At present, Prof. Ray is working on different 2D-structure materials like Graphene, MoS2, Stanene, Silicene and Germanene. During his 20-year research career, he has published 115 peer-reviewed research articles, including six in Nature Publishing Group (NPG) Journal with more than 3200 citations in internationally recognised journals. Prof. Ray also acts as an editorial board member of Scientific Reports – NPG journal.

Email: Raysc@unisa.ac.za

Notes/Comments:

