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                    Abstract
The pyrocarbon materials investigated here are examples of disordered graphene-based carbons whose crystallite size L
                
                  a
                 ranges from 2 to 5 nm. This L
                
                  a
                 size range is between two different Raman behaviors, one for which the D band broadens (for L
                
                  a
                 < 2 nm) and the other for which the D band sharpens (for L
                
                  a
                 > 5 nm) respectively, with increasing L
                
                  a
                . To fully understand the nature of the G band signal, we checked its wavelength behavior from UV to near IR. We demonstrated that the Raman spectrum is well fitted with simply two Lorentzians with various respective contributions centered at the wavenumber of the D band and a Breit–Wigner–Fano shape for the G band. Each intensity contribution for the D band varies linearly with L
                
                  a
                 between 2 and 5 nm while the total D band intensity is nearly constant for excitation wavelengths ranging from 0.532 to 0.638 μm. In contrast, the integrated intensity ratio D/G follows the well-known \(L_{a}^{-1}\) law. The two subbands building the D band are related to the lifetime of the electrons involved in the double resonance process which can be scattered twice. Their respective occurrences therefore depend on the crystallite size L
                
                  a
                , when below ≈5 nm.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Temperature-Dependent Raman Spectroscopy of Graphitic Nanomaterials
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Near-Ir Raman Spectroscopy of Graphitic B–C–N Materials
                                        
                                    

                                    
                                        Article
                                        
                                         25 March 2020
                                    

                                

                                P. V. Zinin, D. Yu. Velikovskii, … R. Riedel

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        On the forbidden graphene’s ZO (out-of-plane optic) phononic band-analog vibrational modes in fullerenes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 July 2021
                                    

                                

                                Jesús N. Pedroza-Montero, Ignacio L. Garzón & Huziel E. Sauceda

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
L.G. Cançado, A. Jorio, E.H. Martins Ferreira, F. Stavale, C.A. Achete, R.B. Capaz, M.V.O. Moutinho, A. Lombardo, T.S. Kulmala, A.C. Ferrari, Nano Lett. 11, 3190 (2011)

Article 
    
                    Google Scholar 
                

	
C. Casiraghi, A. Hartschuh, H. Qian, S. Pisanec, C. Georgi, A. Fasoli, K. Novoselov, D. Basko, A.C. Ferrari, Nano Lett. 9, 1433 (2009)

Article 
    ADS 
    
                    Google Scholar 
                

	
J. Maultzsch, S. Reich, C. Thomsen, Phys. Rev. B 70, 155403 (2004)

Article 
    ADS 
    
                    Google Scholar 
                

	
M.M. Lucchese, F. Stavale, E.H. Martins Ferreira, C. Vilani, M.V.O. Moutinho, R.B. Capaz, C.A. Achete, A. Jorio, Carbon 48, 1592 (2010)

Article 
    
                    Google Scholar 
                

	
F. Tuinstra, J.L. Koenig, J. Chem. Phys. 53, 1126 (1970)

Article 
    ADS 
    
                    Google Scholar 
                

	
D.S. Knight, W.B. White, J. Mater. Res. 4, 385 (1989)

Article 
    ADS 
    
                    Google Scholar 
                

	
L.G. Cançado, K. Takai, T. Enoki, M. Endo, Y.A. Kim, H. Mizusaki, A. Jorio, L.N. Coelho, R. Magalhães-Paniago, M.A. Pimenta, Appl. Phys. Lett. 88, 163106 (2006)

Article 
    ADS 
    
                    Google Scholar 
                

	
A.C. Ferrari, J. Robertson, Phys. Rev. B 61, 14095 (2000)

Article 
    ADS 
    
                    Google Scholar 
                

	
M.R. Ammar, J.N. Rouzaud, J. Raman Spectrosc. 43, 207 (2012)

Article 
    ADS 
    
                    Google Scholar 
                

	
T. Jawhari, A. Roid, J. Casado, Carbon 33, 1561 (1995)

Article 
    
                    Google Scholar 
                

	
A. Sadezky, H. Muckenhuker, H. Grothe, R. Niessner, U. Pöschl, Carbon 43, 1731 (2005)

Article 
    
                    Google Scholar 
                

	
D.G. McCulloch, S. Prawer, A. Hoffman, Phys. Rev. B 50, 5905 (1994)

Article 
    ADS 
    
                    Google Scholar 
                

	
P. Weisbecker, J.M. Leyssale, H.E. Fischer, V. Honkimäki, M. Lalanne, G.L. Vignoles, Carbon 50, 1563 (2012)

Article 
    
                    Google Scholar 
                

	
B.E. Warren, Phys. Rev. 59, 693 (1941)

Article 
    ADS 
    MATH 
    
                    Google Scholar 
                

	
X. Bourrat, A. Fillion, R. Naslain, G. Chollon, M. Brendle, Carbon 40, 2931 (2002)

Article 
    
                    Google Scholar 
                

	
M. Grimsditch, M. Cardona, J.M. Calleja, F. Meseguer, J. Raman Spectrosc. 10, 77 (1981)

Article 
    ADS 
    
                    Google Scholar 
                

	
L.G. Cançado, A. Jorio, M.A. Pimenta, Phys. Rev. B 76, 064304 (2007)

Article 
    ADS 
    
                    Google Scholar 
                

	
D.M. Basko, Phys. Rev. B 79, 205428 (2009)

Article 
    ADS 
    
                    Google Scholar 
                

	
R. Beams, L.G. Cançado, L. Novotny, Nano Lett. 11, 1177 (2011)

Article 
    ADS 
    
                    Google Scholar 
                

	
C. Casiraghi, A. Hartschuh, H. Qian, S. Pisanec, C. Georgi, A. Fasoli, K. Novoselov, D. Basko, A.C. Ferrari, Nano Lett. 9, 1433 (2009)

Article 
    ADS 
    
                    Google Scholar 
                

	
A. Oberlin, Carbon 40(1), 7 (2002)

Article 
    
                    Google Scholar 
                

	
E.B. Barros, K. Sato, Ge.G. Samsonidze, A.G. Souza Filho, M.S. Dresselhaus, R. Saito, Phys. Rev. B 83, 245435 (2011)

Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by the ANR-funded project ANR-2010-BLAN-929 PyroMaN and the Aerospace Valley network. M. Lalanne, G. Chollon (LCTS) and A. Delcamp (Herakles) are acknowledged for the sample preparation.


Author information
Authors and Affiliations
	CEMES-CNRS, UPR8011, Université de Toulouse, 29 rue Jeanne Marvig, BP 94347, Toulouse, Cedex 4, France
Philippe Mallet-Ladeira, Pascal Puech & Marc Monthioux

	Laboratoire des Composites ThermoStructuraux, UMR 5801, CNRS, 3 Allée de la Boëtie, 33600, Pessac, France
Patrick Weisbecker

	Laboratoire des Composites ThermoStructuraux, UMR 5801, Université Bordeaux 1, 3 Allée de la Boëtie, 33600, Pessac, France
Gerard L. Vignoles


Authors	Philippe Mallet-LadeiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pascal PuechView author publications
You can also search for this author in
                        PubMed Google Scholar



	Patrick WeisbeckerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerard L. VignolesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marc MonthiouxView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Pascal Puech.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Mallet-Ladeira, P., Puech, P., Weisbecker, P. et al. Behavior of Raman D band for pyrocarbons with crystallite size in the 2–5 nm range.
                    Appl. Phys. A 114, 759–763 (2014). https://doi.org/10.1007/s00339-013-7671-x
Download citation
	Received: 30 January 2013

	Accepted: 14 March 2013

	Published: 29 March 2013

	Issue Date: March 2014

	DOI: https://doi.org/10.1007/s00339-013-7671-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Raman Spectrum
	Crystallite Size
	Excitation Energy
	Double Scattering
	Dilor








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.205.172.146
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    