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Abstract
EMI shielding materials are receiving much attention due to the rapid proliferation of electronics and instrumentation in the commercial and defense sectors. To achieve excellent EMI shielding high level of electrical conductivity is required.The most frequently used and studied, as well as the easiest to be commercialized method, is the chemical reduction, which involves the addition of reluctant to a mixture of metal salts and graphene both the metal salts and graphene are reduced GN/Cu NPs composites are prepared via a chemical reduction in the aqueous solution.The size and agglomeration of carbon-based nanocomposites were investigated by X-ray powder diffraction (XRD), X-Ray Photoelectron Spectroscopy(XPS),and Transmission electron microscope (TEM).
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 INTRODUCTION Graphene is a one-atom-thick planar sheet of sp2-bondedcarbon atoms densely packed in a honeycomb crystal lattice. It can be visualized as an atomic-scale chicken wire made of carbon atoms and their bonds. The name comes from graphite + ene; graphite itself consists of many graphene sheets stacked together [1, 2].  The carbon-carbon bond length in graphene is about 0.142 nm. Graphene is the basic structural element of some carbon allotropes, including graphite, carbon nanotubes, and fullerenes. It can also be considered an infinitely large aromatic molecule, the limiting case of the family of flat polycyclic aromatic hydrocarbons called graphene [4,5].  Keeping in view the scientific interest generated by graphene and its possible future involvement in electronics and sensing applications, lot of research effort are devoted in understanding the structure and properties of graphene. All varieties of graphene, single, bi and few-layer, have found potential applications in fields of   

electronics, memory, biotechnology, sensor, energy storage devices etc. As synthesis methods control the structure and properties of graphene, a variety of processing techniques are used by researchers, especially for large scale production [6, 8].  Metal nanoparticles have received tremendous attention for a wide range of applications. Metal oxidation, however, has traditionally restricted the range of useful nanometals to silver, platinum, palladium and gold. Technical low-cost applications such as ink-jet printing of flexible conductors and radio frequency identification (RFID) tags, however, require manufacturing costs of typically less than one cent per tag. The most evident candidate to substitute silver or gold would be copper, but nano copper rapidly oxidizes under ambient conditions [9, 10].  Copper is of great importance in metallic materials science due to its high electrical conductivity and excellent catalytic property. Up to now, great efforts have been made to    
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alcohol). Also, they found that the cupric ion concentration must be below 0.01 M in spite of the presence of nitrogen gas; otherwise copper oxides would be formed [17].  
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fabricate  copper  nanostructures  with  regular Huang  et  al.  reported  the  synthesis  of  Cu shapes.  Copper  nanoparticles  have  attracted nanoparticles  by  the  following  method.  One considerable  interest  because  of  their  optical, milliliter  of  0.01  M  copper  (II)  acetate  in catalytic,  mechanical  and  electrical  properties, ethanol  was  added  to  5mLof  2-ethoxyethanol resulting in a wide range of applications in the containing  various  weight  percentages  of  PVP field  of  metallurgy,  catalysis,  nano  and (0.2,  0.5,  and  1.0  wt  %).  The  Cu2+ ions  in  the optoelectronics.  Consequently,  a  wealth  of reaction  mixture  were  then  reduced  to  copper preparation  methods  has  been  developed  and metal  by  the  introduction  of  an  excess  of range  from  wet  phase  preparations  to hydrazine  monohydrate  under  refluxing hydrothermal,  sonochemical,  or  chemical conditions.  The  reaction  was  carried  out  in  an reduction.  In  order  to  protect  the  sensitive inert  atmosphere  of  N2 gas  to  prevent  the metal  nanoparticles  from  oxidation,  they  have reoxidation of the copper metal by atmospheric been  encapsulated  in  carbon/silica, oxygen.  The  Cu  nanoparticles  in  water  were polyethylene, and graphene [11, 14]. prepared  in  a  similar  way  except  that  waterwas  used  as  the  solvent.  This  method  ofA  number  of  studies  have  been  done  on  the preparation  employed  in  this  series  of synthesis  of  copper  nanoparticles  for  various experiments  has  enabled  the  successful applications. A brief review is presented below: synthesis  of  polymer  protected  coppernanoparticles in a relatively short time intervalThe chemical reduction of copper ions in mixed of 30-40min [18].reverse  micelles  (using  an  AOT  surfactant  inwater/isooctane)  was  reported  by  Pileni  and A  number  of  studies  have  been  done  on  the co-workers  to  produce  copper  nanocrystals synthesis  of  copper  nanoparticles  for  various with  different  shapes.  The  nanoparticle  shape applications. A brief review is presented below:was  found  to  depend  on  the  concentration  ofreducing  agents,  with  spherical  shapes  formed The chemical reduction of copper ions in mixed in lower concentrations and other shapes such reverse  micelles  (using  an  AOT  surfactant  in as pentagons, cubes, tetrahedral, and elongated water/isooctane)  was  reported  by  Pileni  and forms  in  higher  concentrations.  The  formation co-workers  to  produce  copper  nanocrystals of certain initial seed shapes and the difference with  different  shapes.  The  nanoparticle  shape in  the  relative  rates  of  growth  on  different was  found  to  depend  on  the  concentration  of crystal  facets  were  proposed  to  explain  the reducing  agents,  with  spherical  shapes  formed shape formation [15]. in lower concentrations and other shapes suchas pentagons, cubes, tetrahedral, and elongatedLisiecki  et  al  prepared  Cu  nanoparticles  in  an forms  in  higher  concentrations.  The  formation aqueous  solution  of  anionic  surfactant  sodium of certain initial seed shapes and the difference dodecyl  sulfate  (SDS).  To  prevent  oxidation, in  the  relative  rates  of  growth  on  different they  performed  the  synthesis  in  a  glove  box. crystal  facets  were  proposed  to  explain  the The highest cupric ion concentration examined shape formation [19].was  0.01  M.  Also,  it  was  found  that  copperoxide was formed when SDS was below critical Lisiecki  et  al  prepared  Cu  nanoparticles  in  an micellar concentration [16]. aqueous  solution  of  anionic  surfactant  sodiumdodecyl  sulfate  (SDS).  To  prevent  oxidation,Joshi  et  al.  reported  the  synthesis  of  Cu they  performed  the  synthesis  in  a  glove  box. nanoparticles  by  gamma  radiolysis  method  in The highest cupric ion concentration examined the  aqueous  solutions  containing  various was  0.01  M.  Also,  it  was  found  that  copper water-soluble  polymers  and  surfactants  under oxide was formed when SDS was below critical nitrogen  atmosphere.  However,  most  of  their micellar concentration [20].works were done in the presence of poly (vinyl  Joshi et al. reported the synthesis of Cu nanoparticles by gamma radiolysis method in the aqueous solutions containing various water-soluble polymers and surfactants under nitrogen atmosphere. However, most of their 
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works were done in the presence of poly (vinyl the addition of small amount of distilled water alcohol).  Also,  they  found  that  the  cupric  ion and  continuously  stirred  vigorously  for  5  to  6 concentration must be below 0.01 M in spite of hours.Filtered and washed with distilled water the presence of nitrogen gas; otherwise copper many  times  to  remove  acids.Dry  the  materials oxides would be formed [21]. at  120oC  for  more  for  3  hours.The  product  soformed  is  graphite  oxide  or  activatedHuang  et  al.  reported  the  synthesis  of  Cu graphite.Reduction  of  above  material  with nanoparticles  by  the  following  method.  One Hydrazine  Hydrate  (NH2.NH2.H2O),  such  that milliliter  of  0.01  M  copper  (II)  acetate  in quantity of hydrazine should be 1/6 volume of ethanol  was  added  to  5mLof  2-ethoxyethanol graphite oxide.Again stirring vigorously for 10- containing  various  weight  percentages  of  PVP 12  hours.Ultrasonicated  for  24  hours  with  a(0.2,  0.5,  and  1.0  wt  %).  The  Cu2+ ions  in  the temperature  of  60-700C.Washed  with  distilled reaction  mixture  were  then  reduced  to  copper water  to  remove  impurities.  Dried  at  120 metal  by  the  introduction  of  an  excess  of 0C.The material so formed is graphene. hydrazine  monohydrate  under  refluxingconditions.  The  reaction  was  carried  out  in  an Copper-graphene  nanocomposites  wereinert  atmosphere  of  N2 gas  to  prevent  the synthesized by the following procedure:reoxidation of the copper metal by atmospheric 110gm  PVP,  40gm  sodium  hypophosphite  and oxygen.  The  Cu  nanoparticles  in  water  were 10gm  graphene  were  mixed  into  400ml prepared  in  a  similar  way  except  that  water ethylene  glycol  inside  a  round-bottom  flask. was  used  as  the  solvent.  This  method  of Solution  was  vigorously  stirring  at  room preparation  employed  in  this  series  of temperature  under  ambient  atmosphere.  The experiments  has  enabled  the  successful mixture  was  heated  to  900C  at  a  rate  of  50C synthesis  of  polymer  protected  copper min−1. 100ml of a 1 M solution of copper sulfate nanoparticles in a relatively short time interval in  ethylene  glycol  was  prepared  and  heated  at of 30-40min [22]. 900C.Copper  Sulfate  solution  was  then  rapidlyadded  into  the  PVP/sodiumExperimental hypophosphite/graphene  solution  whileChemicals  used: Graphite  powder,  H2SO4 stirring  vigorously.Reduction occurred and  the,HNO3,Hydrazine  hydrate,  Poly  vinyl color  of  the  suspension  turned  from  green  to pyrrolidone(PVP,K-30),Sodium reddish  brown  within  2–3  min,  indicating  the hypophosphite(NaH2PO2.H2O),Copper  sulfate formation of copper nanoparticles.The reaction(CuSO4.5H2O),  ethylene  glycol,  acetone  and was quenched and  the  suspension  was rapidly distilled water etc. cooled  by  adding  chilled  deionized  (DI)water.The  copper  nanoparticles  have  beenThe  simplest  and  the  most  commonly  used separated  and  washed  with  DI  water  by  using bulk-solution  synthetic  method  for  metal centrifugation, at the same time as the usage of nanoparticles  is  the  chemical  reduction  of acetone as  a  non-solvent,  to remove  extra  PVP metal  salts.  The  particle  synthesis  usually and  side  products.Reduction  of  above  material makes  use  of  a  soluble  metal  salt,  a  reducing with  Hydrazine  Hydrate  (NH2.NH2.H2O).The agent,  and  a  stabilizing  agent.  The  stabilizing resulting  precipitate  was  dried  under  vacuum agent  caps  the  particle  and  prevents  further at 400C for 2–3 h.The sample thus obtained was growth or aggregation. Reducing agents such as Carbon based nanocomposites.sodium  borohydride  and  alcohols  arecommonly  used  for  the  preparation  of  metal In material characterization basically we try to nanoparticles. Polymers and organic molecules characterize  the  synthesized  material  by bind  to  the  particle  surface  and  thus  serve  the variety  of  techniques  to  assure  that  the role of a stabilizer. appropriate material with suitable properties issynthesized.Graphene synthesized method 1. X-Ray Diffractometer (XRD)Taken  graphite  fine  powder  (Lobachemie)  of 2. X-Ray Photoelectron Spectroscopy (XPS)certain  amount  in  a  beaker  of  capacity  5  liter. 3. Transmission Electron Microscope (TEM)Oxidized  the  above  graphite  powder  with 4. X-Ray Fluorescence (XRF)H2SO4 and HNO3 mixed (in the ratio of 1:3) with  
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Result & Discussion shows five characteristic peaks, three peaks forX-ray Diffraction analysis copper   at  43.50,  50.60,  and  74.50 for  the XRD  patterns  of  the  graphene  and  graphene respectively marked indices of (111), (200) and coated  copper  nanoparticles  prepared  for  this (220)  (ref.  JCPDS  04-0836)  and  two  peaks  for work are  displayed in  figure  1(a)  and (b) with graphene  at  26.70and  54.90 .  These 2θ  values  between  200 and  800.  The  XRD characteristic peaks confirm the formation of a pattern in figure 1(a)  shows two characteristic graphene and face-centered cubic (FCC) copper peaks  for  graphene  at  26.70and  54.90 (ref. phase  without  significant  oxides  or  other JCPDS 08-0415). The XRD pattern in figure 1(b) impurity phases. 

 Figure 1(a) X-ray diffraction patterns of graphene.  

 Figure 1(b) X-ray diffraction patterns of graphene coated copper nanoparticles.  Generally, nanoscale particles are metastable owing to higher percentages of surface area, causing them to be more readily oxidized in air. The average primary particle size of the copper nanoparticles was calculated from the full width at half maximum (FWHM) of the (111) 

peaks in the XRD patterns using the Scherrer equation, resulting in an average primary particle size of about 37nm. Comparison of the average particle size calculated using the Scherrer equation with the particle sizes determined from TEM images led to the 
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conclusion  that  particles  at  the  larger  side  of The  chemical  composition  and  oxidation  state the distribution are agglomerates that skew the of  copper  nanoparticle  is  investigated  by  semi number-weighed  mean  size  to  be  greater  than spherical  analyzer.  The  pass  energy  of  the the  average  primary  particle  size  calculated analyzer was set to 1253.6eV, and the power of from XRD data. X-ray source, to 100 W.X-ray Photoelectron Spectroscopy analysis

 Fig 2(a) XPS spectrum of graphene coated copper nanoparticles showing the elemental peaks present in the sample. 

 Fig2(b) XPS core level spectrum of the copper nanoparticle showing the Cu 2p3/2 and Cu 2p1/2 doublet with binding energy of 932.7eV and 953.04eV respectively. 

 Fig. 2(c) XPS spectrum of the C 1s level showing weak intensity at the binding energy of 284.5eV which shows presence of graphene in nanoparticles. 
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A series of XPS spectra, with Mg K at 1253.6eV, to smaller values as compared with that of bulk were measured for characteristic core levels of one.C, O and Cu elements. The XPS spectrum, within Transmission Electron Microscopy analysisthe  range  of  0-1150eV  for  the  copper Transmission  electron  microscopy  and  high- nanoparticles, showed the presence of the Cu, C resolution  transmission  electron  microscopy and  O  elements.  Elemental  analysis were  applied  to  determine  the demonstrated  that  there  is  no  evidence  of  the morphologies,structure  and  sizes  of  graphene starting  materials.  Figure2(b)  shows  the coated copper particles. Samples for TEM were spectrum  of  the  Cu  2p  region.  Two  copper prepared  by  placing  a  drop  of  the  sample bands,  2p3/2 and  2p1/2,  occur  at  932.7eV  and suspension  on  a  copper  grid  (400mesh, 953.04eV,  respectively.  These  results  certify electron  microscopy  sciences)  coated  with that  almost  all  the  copper  atoms  in  the carbon  film  and  were  allowed  to  dry  in  air. nanoparticles  are  in  the  Cu0 state.  The HRTEM-EDAX  measurements  were  carried out existence of graphene is also confirmed by XPS on a TEM/HRTEM microscope.spectra of C 1s. The C 1s spectrum is composedof  one  peaks  and  the  binding  energy  of  this Figure  3(a)  and  (b)  shows  a  general  view  of peaks is 284.5eV (C–C bonding). It can be found graphene.  Multilayer  graphene  sheets that  the  binding  energy  of  Cu  (2p3/2)  for  the corrugated  together  with  sizes  in  the  range  of copper  powder  stays  at  the  normal  value  of tens to several hundreds of square nanometers. 932.8eV,  but  it  shifts  to  932.7eV  for  the  Cu Figure  3  exhibits  a  high  magnification  TEM nanoparticles i.e., as the particle size reduces to image  of  a  graphene  nanosheet,  showing  a nanoscale,  the  core-level  binding  energy  shifts completely  amorphous  and  disorderedstructure.

 Fig 3(i) TEM (a) and (b) images of graphene  Typical TEM images for the obtained graphene-coated copper nanoparticles are shown in Fig3(ii). The copper nanoparticles were spherical in shape, well dispersed, with the diameter of 70-100 nm. Particle surfaces were relatively smooth with no apparent traces of agglomeration. According to HRTEM observation, we also found that these 

nanoparticles possessed a distinct core/shell structure. It was found that the graphene layers in graphene coated copper nanoparticles were 5-100 nm thick. The interlayer spacing of these graphitic planes was about 0.34nm; therefore, we can see that the shell of each nanoparticle possessed an ordered graphite structure.
  

(a) (b) 
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130  Fig. 3(ii) TEM (a) and HRTEM (b) and (c) images of graphene coated copper nanoparticles as well EDX patterns (d).  It was proved to be the electron diffraction pattern of the face centered cubic single crystal copper.  X-ray Fluorescence analysis (XRF) X-ray fluorescence (XRF) spectroscopy is an instrumental approach used to identify, and sometimes quantify, elements present in a substance. An element is identified by its characteristic X-ray emissions. The quantification occurs by measuring the intensity of the characteristic emission line.  In XRF spectrometry, a high energy X-ray photon is emitted from an X-ray source and strikes the sample. High energy X-ray photons have sufficient energy to remove electrons from the innermost K or L orbitals. When this occurs the atoms become ions, since a negative charged electron has been removed. These ions 

are unstable. To return to a more stable electronic arrangement, electrons from an outer orbital, like L or M, move into the newly vacant inner orbital. In this process of an electron moving from an outer to an inner orbital an X-ray photon is emitted. This photon is termed a secondary X-ray photon, in contrast to the primary X-ray that was emitted from the X-ray source. This phenomenon of electrons moving from outer to inner orbitals with a corresponding emission of photons is called fluorescence. The energy of the emitted fluorescent X-ray photon is dependent on the differences in energies between the initial and final orbitals of the individual transitions. Importantly,the secondary X-rays produced in this process are characteristic of a specificelement. In other words, we can identify the elements present in a sample byanalyzing the energy of the secondary X-ray.  

(a) (b) 

(c) (d) 
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 Figure 4. X-ray fluorescence spectra of graphene copper composites. The Kα emission lines are shown.  It is apparent from figure that the Kα line is the most prominent (highest intensity) for a given element. We may observe that the peak intensities (the y-values) are different for the Cu. This occurs because the intensity of each characteristic radiation peak isrelated to the amount of each element in a sample that is irradiated by the primaryX-rays. This means that XRF spectroscopy may be used for both qualitative (identifying elements) and quantitative (determining the concentration of elements) measurements if the instrument is properly calibrated, i.e. the correlation between peak intensity and the concentration of the element has been established. We observed from XRF, the amount of copper and graphene in copper graphene composites was found to ~13% and ~ 87% respectively.  Conclusions Graphene has a number of applications in mechanical engineering, electrical engineering, micro-electronics and it is considered to be the most important material due to its wide range of applications in electronics engineering as a component material.  Graphene copper nanocomposites are being given considerable attention as of late due to their interesting properties and potential applications in many areas of industry. One such exploitable use is electromagnetic interference shieldinginthis study, copper nanocomposites were synthesized through a relatively large-scale, high-throughput process. This facile method occurs through the chemical 

reduction of copper sulfate with sodium hypophosphite in ethylene glycol within the presence of a polymer surfactant (PVP), which was included to prevent aggregation and give dispersion stability to the resulting nanoparticles. The size of the copper nanoparticles could be controlled by varying the reaction time, reaction temperature, and relative ratio of copper sulfate to the surfactant. X-ray analysis confirmed the formation of graphene and metallic copper composite and Transmission electron microscopy (TEM) images of the particles revealed a spherical shape within the reported size regime.  Acknowledgment GSsincerely acknowledges the guidance provided by Dr. S. K. Dhawan (Scientist, NPL) and for providing opportunity to work in NPL.He was the guiding force and prime inspiration in taking this work from stage of concept to the final stage accomplishment.He further extends thanks to Dr. Kamlendra Awasthi and Dr. Manoj Kumar(Malaviya National Institute of Technology, Jaipur, India) for their valuable suggestions.    References 
Muhammad Nazar Aftab , Syeda Qandeel Zahra , Irum Bashir , Muhammad Naeem Ashiq, Lanthanum Zirconate Nanoparticles, used in Blades of Gas Turbine Engines, Can Disturb Behavior, Leukocyte Count and Antioxidant Metabolites from Vital Organs of Albino Mice, NeuroQuantology,17,4(2019) Oras Jasim Obies , Dr. Mohammed Ali Mutar , Dr. Raheem 

Neuroquantology | January 2020 | Volume 18 | Issue 01 | Page 130-138 | doi: 10.14704/nq.2020.18.1.NQ20118

137



Gaurav Sharma, R.K. Sharma, Synthesis And Characterization Of Carbon-Based Nanocomposites Prepared By Chemical Reduction Method 

 eISSN: 1303-5150   www.neuroquantology.com  

132 

Gaaed Kadhim, Synthesis and Characterizations of New Conducting Polymers Composites as Membrane, Conductivity and Thermal Studies, NeuroQuantology,17,11, (2019) A. K. Geim and P. Kim, Carbon wonderland, Scientific American, 298, 90 (2008). Yanjun Du, Mengmeng Dou, Wang Ma, Xinjie Wang , ZhaosenGu  and Xiaoming Deng,Preparation of Graphene-Copper Nanocomposite for Constructing Electrochemical Sensor for Paclitaxel Anti-Cancer Drug Detection in TaxusChinensis,Int. J. Electrochem. Sci., 12 (2017) 2563 – 2572 Yun-Fei Li, Feng-Xi Dong, Yang Chen, Xu-Lin Zhang, Lei Wang, Yan-Gang Bi,Zhen-Nan Tian, Yue-Feng Liu, Jing Feng & Hong-Bo Sun, As-grown graphene/copper nanoparticles hybrid nanostructures for enhanced intensity and stability of surface plasmon resonance, Sci. Rep. 6, 37190 (2016) Somnath Bharech, Richa Kumar,A Review on the Properties and Applications of Graphene,Journal of Material Science and Mechanical Engineering,2,10(2015) S. Iijima, Nature, 354, 56 (1991). R.B. Mathur, S. Pande, B.P. Singh, and T.L. Dhami, Polym. Compos.,29, 717 (2008). Qiwen Chen, Luyan Zhang, and Gang Chen, Facile Preparation of Graphene-Copper Nanoparticle Composite by in Situ Chemical Reduction for Electrochemical Sensing of Carbohydrates,Anal. Chem., 84, 171–178(2012) Hyun-Jun Hwang,Sung-Jun Joo,and Hak-Sung Kim, Copper Nanoparticle/Multiwalled Carbon Nanotube Composite Films with High Electrical Conductivity and Fatigue Resistance Fabricated via Flash Light Sintering,American Chemical Society,133-791,(2015) Anil Kumar, Vinod Kumar, Manoj Kumar, Kamlendra Awasthi,Synthesis and Characterization of Hybrid PANI/MWCNT Nanocomposites for EMI Applications,Polymer Composites, (2017) Muhammad Ali Tahir,Sadia Z. Bajwa,ShahidMansoor, Rob W. Briddon,Waheed S. Khan, Brian E. Scheffler, Imran Amin, Evaluation of carbon nanotube based copper nanoparticle compositefor the efficient detection of agroviruses,Journal of Hazardous Materials 346 , 27–35 (2018). M. Barberio, P. Barone, F. Stranges, A. Romano, F. Xu, A. Bonanno,Carbon Nanotubes/Metal Nanoparticle Based Nanocomposites: Improvements in Visible Photoluminescence Emission and Hydrophobicity,Optics and Photonics Journal, 3, 34-40, (2013). J. Azadmanjiri, P. Hojati-Talemi, G.P. Simon, K. Suzuki, C. Selomulya,Synthesis and Electromagnetic Interference Shielding Properties of Iron Oxide/Polypyrrole Nanocomposites,Polymer Engineering & Science, 51(2), 247–253.(2011). Bo Wen,Maosheng Cao, MingmingLu,WenqiangCao,HonglongShi,Jia Liu, Xixi Wang , HaiboJin ,Xiaoyong Fang , Wenzhong Wang and Jie Yuan,Reduced Graphene Oxides: Light-Weight and HighEfficiency Electromagnetic Interference Shielding at Elevated 

Temperatures,Advanced Materials, 26, 3484–3489 (2014). A. Reina, X. Jia, J. Ho, D. Nezich, H. Son, V. Bulovic, M. S. Dresselhaus, and J. Kong, Large area few-layer graphene films on arbitrary substrates by chemical vapor deposition, Nano Lett., 9, 30 (2009). C. N. R. Rao, K. Biawas, K. S. Subramanyam, and A. Govindaraj, Graphene, the newnanocarbon, J. Mater. Chem., 19, 2457 (2009). A. H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov, and A. K. Geim, The electronic properties of graphene, Rev. Mod.Phys., 81, 109 (2009). J. Hass, W. A. de Heer, and E. H. Conrad, The growth and morphology of epitaxial multilayer graphene, J. Phys. Cond. Matter, 20, 323202 (2008). Z. H. Ni, H. M. Wang, J. Kasim, H. M. Fan, T. Yu, Y. H. Wu, Y. P. Feng, and Z. X. Chen, Graphene thickness determination using reflection and contrast spectroscopy, Nano Lett., 7, 2758 (2007). K. S. Kim, Y. Zhao, H. Jang, S. Y. Lee, J. M. Kim, K. S. Kim, J. H. Ahn, et al., Large-scale pattern growth of graphene films for stretchable transparent electrodes, Nature, 457, 706 (2009). F. Schedin, A. K. Geim, S. V. Morozov, E. W. Hill, P. Blake, M. I. Katsnelson, and K. S. Novoselov, Dtection of individual gas molecules adsorbed on graphene, Nature Materials, 6, 652 (2007). J. S. Bunch, A. M. van der Zande, S. S. Verbridge, I. W. Frank, D. M. Tanenbaum, J. M. Parpia, H. G. Craighead, and P. L. McEuen, Electromechanical resonators from graphene sheets, Science, 315, 490 (2007). C. Lee, X. Wei, J. W. Kysar, and J. Hone, Measurement of the elastic properties and intrinsic strength of monolayer graphene, Science, 321, 385 (2008). N. M. R. Peres, The electronic properties of graphene and its bilayer, Vacuum, 83, 1248 (2009). A. Ghosh, K. S. Subramanyam, K. S. Krishna, S. Datta,A.Govindaraj, S. K. Pati, and C. N. R. Rao, Uptake of H2 and CO2 by graphene, J. Phys. Chem. C, 112, 15704 (2008). S. Niyogi, E. Bekyarova, M. E. Itkis, J. L. McWilliams, M. A.Hamon, and R. C. Haddon, Soluton properties of graphite and graphene, J. Am. Chem. Soc., 128, 7720 (2006). S.-M. Paek, E. J. Yoo, and I. Honma, Enhanced cyclic performance and lithium storage capacity of SnO/graphene nanoporous electrodes with three-diemnsionally delaminated flexible structure, Nano Lett., 9, 72 (2009). D. Wang, D. Choi, J. Li, Z. Yang, Z. Nie, R. Kou, D. Hu, et al., Self-assembled TiO2-graphene hybrid nanostructuresfor enhanced Li-ion insertion, ACS Nano, 3, 907 (2009).           

Neuroquantology | January 2020 | Volume 18 | Issue 01 | Page 130-138 | doi: 10.14704/nq.2020.18.1.NQ20118

138




