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Introduction

This page is dedicated to the teaching of crystallography and was developed at the EPFL in Lausanne (Switzerland).

It was first developed by Wes Hardaker and further extended by Nicolas Schoeni under the responsibility of Prof. G. Chapuis.

Recently, all the applets have been updated in 2016 by Nicolas Casademont et Maria Sisto.








What types of applets can you find on this site?

You will find applets dedicated to the three basic topics of crystallography, namely symmetry, diffraction and structure solution algorithms.

The symmetry applets range from learning the concept of point group symmetry, getting familiar with the symmetry of periodic objects in two dimensions, and also learning about the space group concept for the description of crystalline structures in 3D. An additional applet will help you in finding the new atomic coordinates of a new unit cell provided the matrix transformation from the original unit cell to the new one.

For diffraction, a simple animation of Bragg’s law will help to find the constructive interferences depending on the diffraction angle. Another applet will teach how to obtain the reciprocal lattice based on the original unit cell. Two applets illustrate the concept of Ewald sphere in order to understand the diffraction principles and simulate various diffraction methods. The user will be able to play with the concept of Fourier transform to generate the crystalline structures on the basis of diffraction patterns. From any CIF file (a crystallographic standard to describe atomic structures), the user will be able to simulate either powder or single crystal diffraction patterns.

Finally, the concepts of the Patterson function and the charge flipping algorithms are illustrated for a better understanding of the phase problem in crystallography.








How to use the applets?

Most of the applets are written in Java and need to be downloaded. For technical reasons, the JAR files are stored inside ZIP archives.

	For these applets to work you must have the Java Runtime Environment 7 (Java 8 seems to work too) installed on your computer. If you don’t have it you can download it here: JRE 7 download.
	To download the applets click on the download links below. We provide support for most usual systems: Windows 32/64 bits, macOS, Linux 32/64 bits. If you are having any trouble making the applet work contact Prof. G. Chapuis.







Note for macOS users

It appears that the latest versions of Java are not compatible with the crystallographic applets using 3D representations.

The problem can be solved by downloading an older version of JRE, namely, jre-10.0.2_osx-x64_bin.dmg. The JRE will get installed in folder Library → Internet Plus-ins. 

When running the applet for the first time, some security issues might happen. In this case go to Preferences → Security and Confidentiality → General and give the permission to run the JRE. 
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            Discovery of point group symmetry groups
          

          An applet to explore the point group symmetry of platonic and other polyhedra. In particular, rotations, inversion and combinations of them can be simulated.
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            Escher Web Sketch 2
          

          An applet to simulate any periodic pattern corresponding to one of the 17 possible two-dimensional symmetry groups (17 planar groups).
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            Crystallographic Symmetry Environment (CSE)
          

          A series of tools to visualize among others the Wyckoff positions of each space group in 3D.
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            CrystalOgraph
          

          An applet to represent any type of crystalline structure given the lattice parameters, the space group and the atomic coordinates of symmetry independent atoms. It is also possible to import directly a structure from the ICSD database or from a CIF file.
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            CellConverter
          

          An applet to transform any unit cell ant its content to another cell. Based on the original CIF file, the applet generates a new CIF file resulting from the transformation specified by the user.
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2. Diffraction
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            Bragg scattering
          

          A Flash animation to illustrate constructive or destructive interferences as expressed by Bragg’s law.
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            Reciprocal lattice generator
          

          From a periodic diagram generated by Escher Web Sketch, the user is guided step by step by the applet in order to create the reciprocal lattice corresponding to the periodicity of the initial periodic pattern.
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            Ewald sphere animation
          

          Video sequence illustrating the diffraction phenomenon based on the Ewald sphere.
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            DiffractOgram
          

          An applet to simulate any type of diffraction pattern based on the Ewald sphere and the reciprocal lattice. In particular, Laue patterns, Debye Scherrer diagrams, rotating crystals and even precession photographs can be generated.
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            Diffraction and Fourier Transform
          

          An applet to calculate the Fourrier Transform of a density function ρ(x) yielding the complex magnitude G(S). The density function can be either periodic or non-periodic. The applet is also able to calculate the inverse Fourier transform of G(S). Numerous tools can be applied in order to understand the role of amplitudes and phases, which are of particular importance in diffraction phenomena.
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            ReciprOgraph
          

          An applet to simulate the X-ray diffraction intensities for single crystal in reciprocal space and powder diffraction patterns. Structures can be selected from from CIF files.
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3. Structure resolution




  
         

        
            
              
          
          [image: ]          
        
                
          
            Charge Flipping
          

          An applet to solve the phase problem in diffraction by the charge flipping algorithm. The user can create a 2D crystalline structure and follow the evolution of the algorithm in solving the structure.

        

        
          See more
        

      

          

  





		
 
	
	
		
	
 
	


	
		
				Institute of Physics
						
              
                
									
								
              

            
						
	
                  
                  Back: Institute of Physics
                
						
	About IPHYS
						
              
                
									
								
              

            
						
		Back: About IPHYS		
	Direction
	Assembly of Professors
						
              
                
									
								
              

            
						
			Back: Assembly of Professors			
	PV Assembly of Professors
						
              
                
									
								
              

            
						
				Back: PV Assembly of Professors				
	Previous years PV Assembly of Professors






	Executive Committee
	Council
						
              
                
									
								
              

            
						
			Back: Council			
	PV Council



	Coordination Committee
	Safety Committee
						
              
                
									
								
              

            
						
			Back: Safety Committee			
	Session reports
	Safety & Health
	Arrival and departure documents






	Research areas
						
              
                
									
								
              

            
						
		Back: Research areas		
	Astrophysics and Particle Physics
	Condensed Matter Physics
	Physics of Biological and Complex Systems
	Plasma physics, fusion and fission
	Quantum Science and Technology



	Faculty members
						
              
                
									
								
              

            
						
		Back: Faculty members		
	Emeriti Professors



	Teaching
						
              
                
									
								
              

            
						
		Back: Teaching		
	Physics Section
	Physics Doctoral School
	Apprentices training
	Crystallography
						
              
                
									
								
              

            
						
			Back: Crystallography			
	250 questions to a crystallographer
						
              
                
									
								
              

            
						
				Back: 250 questions to a crystallographer				
	1. Introductory remarks
	2. Historical remarks
	3. Symmetry
	4. Reciprocal space
	5. Diffraction
						
              
                
									
								
              

            
						
					Back: 5. Diffraction					
	What is the relation between the Laue diffraction condition and the Bragg’s equation?
	Given a crystal with unit cell volume V and a wavelength λ for the incident beam, how many different intensities can be collected in a diffraction experiment?
	What is the Ewald sphere and how to use it?
	In an X-ray diffraction experiment, is the wavelength of the incident and the diffracted beam the same?
	How can you obtain the crystal structure of a crystalline compound from the experimental diffraction data?
	What is the charge flipping algorithm?



	6. Miller indices and lattice planes
						
              
                
									
								
              

            
						
					Back: 6. Miller indices and lattice planes					
	How to characterize crystal faces by reciprocal lattice vectors?
	How to find the Miller indices of a pentagonal dodecahedron?



	7. Physical properties
	8. Crystal chemistry
						
              
                
									
								
              

            
						
					Back: 8. Crystal chemistry					
	What is the origin of macroscopic crystal faces?
	What are the possible deformations of the cube and their corresponding symmetries?



	9. Reference



	Bragg scattering
	CellConverter
	Charge flipping
	Crystallographic Symmetry Environment (CSE)
	CrystalOgraph
	Diffraction and Fourier Transform
	DiffractOgram
	Escher Web Sketch
	Ewald sphere animation
	Point group symmetry
	Reciprocal lattice generator
	ReciprOgraph






	News
						
              
                
									
								
              

            
						
		Back: News		
	Newsletter



	Events
						
              
                
									
								
              

            
						
		Back: Events		
	Colloquia
	QSE Quantum Seminar
	Condensed Matter Physics and related fields
	QST/CM seminars
						
              
                
									
								
              

            
						
			Back: QST/CM seminars			
	Seminars 2022
	Seminars 2021
	Seminars 2020
	Seminars 2019






	Platforms
						
              
                
									
								
              

            
						
		Back: Platforms		
	Computer Service
						
              
                
									
								
              

            
						
			Back: Computer Service			
	Services
						
              
                
									
								
              

            
						
				Back: Services				
	General services
						
              
                
									
								
              

            
						
					Back: General services					
	Conference rooms
	Purchases and inventory
	Servers
	Videoconferencing
						
              
                
									
								
              

            
						
						Back: Videoconferencing						
	Polycom system
	Portable camera



	Virtual machines and VDI
	Wired network and WiFi



	Specific services
						
              
                
									
								
              

            
						
					Back: Specific services					
	Data management plan
	Data protection
	Lab notebooks
	QWF computing cluster
	Scratch servers






	Support
						
              
                
									
								
              

            
						
				Back: Support				
	Welcome!
	Gaspar account
	Email
	Printing
	Repair
	Backup



	Software
						
              
                
									
								
              

            
						
				Back: Software				
	Distrilog and EULA
	Free software
	Software FAQ
						
              
                
									
								
              

            
						
					Back: Software FAQ					
	Mathematica license






	Regulations and security
	Task
	Team
	Useful links
						
              
                
									
								
              

            
						
				Back: Useful links				
	Linux
	macOS
	Raspberry Pi
	Windows






	Clean Rooms
						
              
                
									
								
              

            
						
			Back: Clean Rooms			
	III/V lab
	X-ray Bruker D8 Discover
	Cathodoluminescence



	Crystal Growth Facility
						
              
                
									
								
              

            
						
			Back: Crystal Growth Facility			
	Laboratories
	Nano and Macro Crystals Collection
	Team Members
	Material Characterization Platform
	Links to other crystal collections
	Publications
	From the past



	Electronic Workshop
						
              
                
									
								
              

            
						
			Back: Electronic Workshop			
	Electronic Workshop PH building
						
              
                
									
								
              

            
						
				Back: Electronic Workshop PH building				
	Team
	Conception
	Realizations
	Repairs
	3D printing
	Labview
	Récupération hélium



	Electronic Workshop Cubotron



	Mechanical workshop
						
              
                
									
								
              

            
						
			Back: Mechanical workshop			
	Mechanical Workshop PH Building
						
              
                
									
								
              

            
						
				Back: Mechanical Workshop PH Building				
	Submit a construction
	Organisation
	Assistants workshop
	CNC Equipments
						
              
                
									
								
              

            
						
					Back: CNC Equipments					
	Turning CNC
	CNC Milling
	Electroerosion
	Laser Processing



	Mechanical Constructions
	Documents to download



	Mechanical Workshop BSP/Cubotron






	Grant and fellowship opportunities
						
              
                
									
								
              

            
						
		Back: Grant and fellowship opportunities		
	SNSF Ambizione
	SNSF Consolidator Grant
	SNSF Starting Grant
	SNSF Professorial Fellowship



	Open Positions
	Physics for all
						
              
                
									
								
              

            
						
		Back: Physics for all		
	Collection of scientific instruments UNIL-EPFL



	Contact us
	Useful Links




		

	





	
  	In the same section

					Physics Section
	Physics Doctoral School
	Apprentices training
	Crystallography
	250 questions to a crystallographer
	Bragg scattering
	CellConverter
	Charge flipping
	Crystallographic Symmetry Environment (CSE)
	CrystalOgraph
	Diffraction and Fourier Transform
	DiffractOgram
	Escher Web Sketch
	Ewald sphere animation
	Point group symmetry
	Reciprocal lattice generator
	ReciprOgraph




	



 


 


	
	

  

    
      
        About
      
      
        	
            Who we are
          
	
            Associated Campuses
          
	
            Facts
          
	
            Presidency
          
	
            Vice Presidencies
          
	
            Working at EPFL
          
	
            Recruiting EPFL Talents
          
	
            News & Media
          
	
            Sustainability
          
	
            Equality & Diversity
          
	
            Respect
          
	
            Philanthropy
          
	
            EPFL Alumni
          


      

    

    
      
        Education
      
      
        	
            Bachelor
          
	
            Master
          
	
            Doctorate
          
	
            Continuing Education
          
	
            International
          
	
            Teaching
          
	
            Admission
          
	
            Study Management
          
	
            Educational Initiatives
          
	
            Education & Science Outreach
          


      

    

    
      
        Research
      
      
        	
            Research Domains
          
	
            Faculty Members
          
	
            Awards & Prizes
          
	
            Collaborate With Our Researchers
          
	
            EPFL Research Facilities
          
	
            Access Our Technologies
          
	
            Research Ethics
          
	
            Research With Animals
          
	
            Meet the Support Units For Research
          
	
            Services to EPFL Laboratories
          
	
            Open Science
          


      

    

    
      
        Innovation
      
      
        	
            Innovation Initiatives
          
	
            Industry Collaboration
          
	
            Startup Launchpad
          


      

    

    
      
        Campus
      
      
        	
            Services & Resources
          
	
            Library
          
	
            Restaurants, Shops & Hotels
          
	
            Security, Prevention & Health
          
	
            Sports
          
	
            Community & Support
          
	
            Chaplaincy
          
	
            Events
          
	
            Arts & Culture
          
	
            Associations
          
	
            Visit EPFL
          
	
            Mobility & Travel
          


      

    

  


  

    
      
        Schools & Colleges
      
      
        	
            School of Architecture, Civil & Environmental Engineering ENAC
          
	
            School of Basic Sciences SB
          
	
            School of Engineering STI
          
	
            School of Computer & Communication Sciences IC
          
	
            School of Life Sciences SV
          
	
            College of Management of Technology CDM
          
	
            College of Humanities CDH
          


      

    

  


  


    Practical

    Services & Resources
    Emergencies: +41 21 693 3000
    Contact
    Map

  


  
    Follow EPFL on social media

    

      	
          
            
              
            
            Follow us on Facebook
          
        
	
          
            
              
            
            Follow us on Instagram
          
        
	
          
            
              
            
            Follow us on LinkedIn
          
        
	
          
            
              
            
            Follow us on X
          
        
	
          
            
              
            
            Follow us on Youtube
          
        


    

  



  
    
      Accessibility
      Disclaimer
      Privacy policy
    

    
      © 2023 EPFL, all rights reserved

    

  





  Back to top
  
    
  

	









