
Chapter 6. Crystal structures

6.1 Introduction

6.2 How to extract the atomic coordinates   of   a crystal  line     structure  

6.3 The BaTiO3 example (cubic perowskite structure)

6.1 Introduction
   Drawing a 3-D shape requires on Octave a few lines of code. Pictured here below is a blue
cube stacked by a red pyramid on its top face, produced by the script that follows. One must
supply the cartesian coordinates in a proper reference for the vertices of the cube (f1 array)
and then in v1 array their  connectivity.  Then the powerful  patch function is  called with
proper arguments, as shown. 

clear all;clc;format short;format compact;
figure(1,'position',[100 100 600 450]);clf;
axis([-2 2 -2 2 -2 2]);axis on;grid on;grid minor on; 
v1 = [-1 -1 -1;1 -1 -1;1 1 -1;-1 1 -1;-1 -1 1;1 -1 1;1 1 1;-1 1 1];
f1 = [1 2 6 5;2 3 7 6;3 4 8 7;1 4 8 5;5 6 7 8;1 2 3 4];
patch('Faces',f1,'Vertices',v1,'FaceColor',[.3 .5 .8]);
v2 = [-0.5 -0.5 1;0.5 -0.5 1;0.5 0.5 1;-0.5 0.5 1;0 0 2];
f2 = [1 2 5;2 3 5;3 4 5;4 1 5];
patch('Faces',f2,'Vertices',v2,'FaceColor','red');view(3);

In the sketch below is shown the numbering sequence for the cube verteces, an analogous
scheme is used for the red pyramid.
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6.2 How to extract the atomic coordinates for a crystal lattice
  Open-access collection of crystal structures of organic, inorganic, metal-organic compounds
and minerals, excluding biopolymers can be found at  COD (Crystallograpy Open Database)
web site. The crystal data are stored in the CIF format.
A CIF or Crystallographic Information File is the standard format for storing crystallographic
structural data. CIF information has a specific structure or format that needs to be followed
to allow crystallographic programs to read the file.
A short guide to CIF format can be found here.
A CIF file contains information about the crystal structure (such as unit cell values, atom
names and their coordinates and any structural model quality indicators, e.g., R Factor) as
well as any details of the diffraction experiment (such as temperature, pressure, experimental
wavelength and the type and name of equipment used) and any data processing undertaken
(such as the programs used to process the data). 
The material  that  is  included within a CIF varies and depends on what information the
authors of the structure incorporated, as well as the technique and program used. Many
crystallographic programs include most information automatically when the CIF is made. 
As a matter of fact it is advisable to extract those lines from the CIF file which contains the
metric for the structure. 

6.3 The BaTiO3 example (cubic perowskite structure)
An example follows here below for the cubic BaTiO3 structure: it is written as a plain text file
and stored in the same directory of the main program 

#------------------------------------------------------------------------------
#$Date: 2016-02-13 21:28:24 +0200 (Sat, 13 Feb 2016) $
#$Revision: 176429 $
#$URL: svn://www.crystallography.net/cod/cif/1/54/21/1542140.cif $
#------------------------------------------------------------------------------
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https://www.ccdc.cam.ac.uk/Community/depositastructure/cifsyntax/
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_cell_angle_alpha                90
_cell_angle_beta                 90
_cell_angle_gamma                90
_cell_length_a                   3.996
_cell_length_b                   3.996
_cell_length_c                   3.996
_symmetry_equiv_pos_as_xyz
x,y,z
-y,x,z
-x,-y,z
y,-x,z
x,-y,-z
y,x,-z
-x,y,-z
-y,-x,-z
z,x,y
-x,z,y
-z,-x,y
x,-z,y
z,-x,-y
x,z,-y
-z,x,-y
-x,-z,-y
y,z,x
y,-z,-x
z,y,-x
-y,z,-x
-z,-y,-x
-y,-z,x
z,-y,x
-z,y,x
-x,-y,-z
y,-x,-z
x,y,-z
-y,x,-z
-x,y,z
-y,-x,z
x,-y,z
y,x,z
-z,-x,-y
x,-z,-y
z,x,-y
-x,z,-y
-z,x,y
-x,-z,y
z,-x,y
x,z,y
-y,-z,-x
-y,z,x
-z,-y,x
y,-z,x
z,y,x
y,z,-x
-z,y,-x
z,-y,-x
loop_
_atom_site_label
Ba  0 0 0 
Ti  0.5 0.5 0.5
O   0 0.5 0.5
loop_
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The following Octave script decodes step by step the text file and produces a 3-D image of the
repetitive unit of the BaTiO3 lattice (a cubic perovskite structure).
clear all;clc;format short;format compact;

% --- section 1 --- the text file is read and decoded, finding the relevant
% informations for unit cell dimensions, its angles and positions of atoms inside

S = fileread('BaTiO3.cif');
a = textscan(S,"%s");
D = a{[1,1]};Lt = length(D);
j = 0;
for  i = 1:Lt
  if strcmp(D{i},"_cell_length_a") == 1;a0 = str2num(D{i+1});endif
  if strcmp(D{i},"_cell_length_b") == 1;b0 = str2num(D{i+1});endif
  if strcmp(D{i},"_cell_length_c") == 1;c0 = str2num(D{i+1});endif
  if strcmp(D{i},"_cell_angle_alpha") == 1;alf = str2num(D{i+1});endif
  if strcmp(D{i},"_cell_angle_beta") == 1; bet = str2num(D{i+1});endif
  if strcmp(D{i},"_cell_angle_gamma") == 1;gam = str2num(D{i+1});endif
 
  if strcmp(D{i},"_atom_site_label") == 1
    ++i;
    while strcmp(D{i},"loop_") == 0
      ++j;
      ++i;
      xN(j) = str2num(D{i});++i;
      yN(j) = str2num(D{i});++i;
      zN(j) = str2num(D{i});++i;
    endwhile
  endif
endfor
nAtomInd = j;

% --- section 2 --- the symmetry-equivalent positions are transformed in 
fractional
% coordinates by mean of the ‘evalc’ function of Octave 

for k = 1:nAtomInd; % k=1 for 'Ba'    k=2 for 'Ti'   k=3 for 'O'
  x = xN(k);y = yN(k);z = zN(k);
  j = 0;
  for  i = 1:Lt
    if strcmp(D{i},"_symmetry_equiv_pos_as_xyz") == 1
    i = i+1;
    while strcmp(D{i},"loop_") == 0
      d2 = strsplit(D{i},",");++j;
      xC(j) = str2num(evalc(d2{1}));
      yC(j) = str2num(evalc(d2{2}));
      zC(j) = str2num(evalc(d2{3}));
      i = i+1;
    endwhile
    endif
  endfor  

  nTot = j;
  for i = 1:nTot  % bring atoms in unit cell
    if xC(i)<0 ; xC(i) = xC(i) +1;endif
    if yC(i)<0 ; yC(i) = yC(i) +1;endif
    if zC(i)<0 ; zC(i) = zC(i) +1;endif
    if xC(i)>= 1;xC(i) = xC(i) -1;endif
    if yC(i)>= 1;yC(i) = yC(i) -1;endif
    if zC(i)>= 1;zC(i) = zC(i) -1;endif  
  endfor  
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% --- section 3 --- as usual, many atomic positions are overlapping, so they must
% be purged so as to obtainthe real atoms located in unit cell 

  m = 0;
  for i = 1:nTot  % eliminate coincident atoms
    for j = (i+1):nTot 
      k2 = abs(xC(i)-xC(j)) + abs(yC(i)-yC(j)) + abs(zC(i)-zC(j));
      if (k2<0.001) && (xC(i)<999);xC(i) = 999;endif
    endfor
  endfor  
  for i = 1:nTot
    if xC(i)<999;++m ;xA(m) = xC(i);yA(m) = yC(i);zA(m) = zC(i);endif
  endfor
  nT = m

% --- section 4 --- the fractional positions are transformed in cartesian
% coordinates according to unit cell dimensions a0,b0,c0. This is done for each
% atom type, barium, titanium and oxygen.
  
  switch (k)
    case 1; % Barium 
-----------------------------------------------------------------
      w = 0;
      for i = 1:nT % transform coordinates in orthogonal, unit = Angstrom
        x = xA(i); % only one unite cell for barium
        y = yA(i);
        z = zA(i);
          ++w;xBa(w) = x*a0;yBa(w) = y*b0;zBa(w) = z*c0;
        endfor

   case 2; % Titanium 
-----------------------------------------------------------------
      w = 0;
      for i = 1:nT % transform coordinates in orthogonal, unit = Angstrom
        for x = xA(i)-1 : xA(i);
        for y = yA(i)-1 : yA(i);
        for z = zA(i)-1 : zA(i);
          ++w;xTi(w) = x*a0;yTi(w) = y*b0;zTi(w) = z*c0;
        endfor
        endfor
        endfor
      endfor  
      
   case 3; % Oxygen 
-----------------------------------------------------------------
      w = 0;
      for i = 1:nT % transform coordinates in orthogonal, unit = Angstrom
        for x = xA(i)-1 : xA(i)+1;
        for y = yA(i)-1 : yA(i)+1;
        for z = zA(i)-1 : zA(i)+1;
          ++w;xO(w) = x*a0;yO(w) = y*b0;zO(w) = z*c0;
        endfor
        endfor
        endfor
      endfor        
  endswitch
endfor  
  
% --- section 5 --- Coordination polyhedra are drawn, first finding the six oxygen
% atoms which build the coordination polyhedra of each titanium , TiO6

figure(1,'position',[100 100 1000 800]);
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axis([-6 6 -6 6 -6 6]);
axis on;grid on;grid minor on;view(-24,20);

v2 = zeros(6,3);
for j = 1:length(xTi); % find oxygen octahedra around titanium atoms
  m = 0;disp([num2str(j),'------------']);
  for i = 1:length(xO);
    dist = sqrt((xTi(j)-xO(i))^2 + (yTi(j)-yO(i))^2 + (zTi(j)-zO(i))^2);
    if dist<2.2;
      ++m;
      v2(m,1) = xO(i);v2(m,2) = yO(i);v2(m,3) = zO(i);
    endif
  endfor
% find opposite vertices and then the corners of triangular faces of the oxygen
% octahedron
  v3 = mean(v2);
  w = 0;
  for i = 1:5
    for j = i+1:6
      s1(1) = abs(mean([v2(i,1),v2(j,1)]) - v3(1));
      s1(2) = abs(mean([v2(i,2),v2(j,2)]) - v3(2));
      s1(3) = abs(mean([v2(i,3),v2(j,3)]) - v3(3));
      if sum(s1)<0.05;++w;s2(w,1) = i;s2(w,2) = j;endif
    endfor
  endfor
  f2 = 
[s2(1,1),s2(2,1),s2(3,1);s2(1,1),s2(2,1),s2(3,2);s2(1,1),s2(2,2),s2(3,1);s2(1,1),s
2(2,2),s2(3,2);...
     
s2(1,2),s2(2,1),s2(3,1);s2(1,2),s2(2,1),s2(3,2);s2(1,2),s2(2,2),s2(3,1);s2(1,2),s2
(2,2),s2(3,2)]
  patch('Faces',f2,'Vertices',v2,'FaceColor','green');
endfor
% find barium atom to be pictured by a round marker
for j = 1:length(xBa);
  hold on;plot3(xBa(j),yBa(j),zBa(j),"ok",'markersize',60,'markerfacecolor','r'); 
endfor

The graphic output of the above script looks as follows:
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