
Introduction 

When crystal structures are analyzed by you, dis-

cussed with fellow researchers or provided in sci-

entific publications, some sort of visual representa-

tion as needed. A solely text-based communication 

of crystallographic data is in most cases incompre-

hensible. 

In the early days of crystallography these represen-

tations of crystal structures were drawn by hand. 

This very extensive method is still being used to 

create stunning pictures like this painting of a cyto-

chrome. However, it took even very skilled artists 

like Irving Geis up to several months to complete 

a picture of a crystal structure. 

Computer Programs for the visual representation 

of crystal structures may not match the artistic as-

pects of Irving Geis’ watercolor paintings. But they 

allow a very rapid display of crystallographic in-

formation files on your computer, tablet or even your smartphone. In this tutorial we 

want to show you some very basic techniques on the handling of crystal structures in such 

a computer program: 

The creation of a unit cell from given lattice parameters 

The addition of several atoms into this unit cell 

The packing of several unit cells into a super cell 

We will be using a 3D visualization program, called VESTA. It can display structural 

models as well as crystal morphologies. It is distributed free of charge for academic, scien-

tific, educational, and noncommercial users. It is available for most operating systems 

(Mac OS X, Linux and Windows.) 

This tutorial covers the installation process on Windows 8.1.  

You can either use this written tutorial or watch the corresponding video. In both cases 

you need the PDF as a source of the crystallographic information. 

If you wish to skip the process of transcribing a crystal structure and just want to try 

VESTA on your own, there is a ready-made CIF as additional resource. 
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Installation 

Go to: http://jp-minerals.org/vesta/en/ and click on Downloads. 

 

Download the program files. I downloaded the 64 bit Version since I run the appropriate 

Operating System. 

(If you are unsure whether you need the 32 or 64 bit version, check your type of installa-

tion of Windows. You can do this by hitting the windows button, then type system, enter. 

This will launch this window here. If you find this is too complicated, just take the 32 bit 

version.) 

http://jp-minerals.org/vesta/en/


 
In your download folder you have a ZIP file 

 

Extract the ZIP file to a location on your hard drive. I chose C:\Vesta 

 



This extracted folder contains everything you need. There is no further installation re-

quired. Search this folder for an application called VESTA. 

 

Double click it and you are running VESTA. 

  



Create a new Structure 

We want to build a crystal structure just from the unit cell dimensions and fractional co-

ordinates of the atoms within this cell. You find this data in the PDF in the additional 

resources. 

Click File – New Structure 

 

By default the new structure has a generic name. Click the Name Field to change this to 

something more descriptive i.e. Chalcanthite. 

 

Switch to the Unit Cell Tab. 

First, you need to change the space group. Space groups describe the symmetry elements 

that can be applied to the unit cell. We will elaborate on this later in this course. For now, 

just change the space group to P-1 (it is a space group with an inversion center). 



 

Enter the lattice parameters as given in the PDF. 

Click OK to save your input. 

 

A unit cell has been created. It should look something like this. Click and drag your cursor 

over the unit cell to view it from different angles. 

 

 

  



Let’s add some atoms to the unit cell. 

In the top Menu click Edit – Edit Data – Structure Parameters 

 

In the structure parameters tab you can add or delete atoms from your crystal structure. 

Click New to add a new atom then click Symbol to choose an element from the periodic 

table. 

 

  



A window with the periodic table pops up. Choose Copper as your first atom. 

 

 

This atom needs a label to be distinguished from other copper atoms that are present in 

this structure in a later stage. Although you are free to label the atom with anything you 

want, we suggest Cu1 to label it unambiguously.  

 

Enter the fractional coordinates of the first copper atom from the pdf into the respective 

fields of x, y and z. Please note that in the pdf the coordinates are given as ½ , ½  and ½ . 

However, they you should enter them as 0.5 into VESTA. 

Click Apply or OK save to enter your input. 



There are a total of twelve atoms to be added to the crystal structure. Repeat the steps 

described above for the other atoms. Do not forget to change the element symbol when 

entering the coordinates for sulfur and oxygen. Also make sure that you enter the negative 

values for some of the coordinates correctly. 

Every atom entered this way is listed in the structure parameters tab. When complete it 

should look like this. 

 

Click OK to save. 

VESTA is now displaying a full unit cell. 



 

But there are no bonds between the atoms. Let’s change that. 

In the Top Menu click Edit - Bonds 

 

  



We want to create a new set of bonds for all copper atoms. Click New. Choose the op-

tion Search atoms bonded to A1. Set A1 to Cu. 

With this option being set, VESTA searches all bonds to a given atom within a given 

range. By default VESTA searches for bonds to a set type of atoms within 0-1.6 Å. This 

bonding range won’t result in any bonds. So it needs to be increased a little. Set the max-

imum length to 3 Å. Click OK or Apply to save your input. 

 

Repeat this process for Sulfur. 

 



Now all the copper and sulfur atoms are bonded to oxygen. Look at the structure from 

different angles and observe the difference in the bonding environment between copper 

and sulfur.  

 

Now let’s display more than just one unit cell. 

In the Top Menu click Objects – Boundary. 

 

The default settings set to display all atoms that are located between the fractional coordi-

nates from 0-1 for the x, y and z-direction. Atoms outside of these coordinates are dis-

played too if they are bonded to atoms that lie within these coordinates (This can be disa-

bled in the boundary mode setting in the Edit – Bonds tab). 

To display a so-called super cell, set the x(max) setting to 2. Repeat this setting for 

y(max) and z(max). Click OK to save your input. 



 

Now a super cell is displayed. It consists of eight individual unit cells. This arrangement 

can actually be called a crystal as it shows a periodic arrangement of atoms. However this 

crystal would be very, very tiny. 

 



Congratulations! You have created your first virtual crystal in VESTA. We suggest that 

you use this structure now to play around with VESTA’s different display types. Try for 

example a space-filling representation or the polyhedral mode. 

  

Don’t forget to save the file you have created. 

You can do this by clicking: File, Save As and the choosing the VESTA file format. 

And what you can also do is to export your file as a crystallographic information file. 

Click File, Export and then choose the CIF option to export as a CIF file. 

  



Share Your Pictures 

You can save them as a PNG or a JPG file by clicking File >> Export Raster image. 

 


