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A. PROGRAMS 

 
  
A1. SPECTRAL MANIPULATIONS PROGRAM 
 

 
 
unit Spectra_an; 
{This program incorporates previous programs and allows the user to 
manipulate spectra in several ways and calculate relative areas as defined by the user.} 
interface 
{The area is calculated by the trapezoidal Rule as described in 

 R Ellis, D Gulick, Calculus With Analytical Geometry, 5th edition, Saunders College 
Publishing, Fort Worth, 1994, pp 470-471} 

uses 
  Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
  StdCtrls, Buttons, ExtCtrls, math; 
type 
    TForm1 = class(TForm) 
    CloseButton: TBitBtn; 
    Bevel1: TBevel; 
    intro_Label: TLabel; 
    infiles_Label: TLabel; 

    wavenumber_Label: TLabel; 
    intensity_Label: TLabel; 
    baseline_Label: TLabel; 
    outfiles_Label: TLabel; 
    outwavenumber_Label: TLabel; 
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    outintensity_Label: TLabel; 
    added_programmes_Label: TLabel; 
    temp1_Label: TLabel; 
    temp2_Label: TLabel; 
    sequential_Label: TLabel; 
    CalculateButton: TButton; 
    endbox: TEdit; 
    areaout_Label: TLabel; 
    Norm_int_radio: TRadioButton; 
    numberofspectrainput: TEdit; 
    Normarea_radio: TRadioButton; 
    Norm_area_input: TEdit; 
    Base_corr_radio: TRadioButton; 
    base_int_corr_radio: TRadioButton; 
    base_area_corr_radio: TRadioButton; 
    norm_area_input2: TEdit; 
    standard_area_calc_radio: TRadioButton; 
    costum_area_calc_radio: TRadioButton; 
    region1_CheckBox: TCheckBox; 
    region1begin: TEdit; 
    region1end: TEdit; 
    region2_CheckBox: TCheckBox; 
    region2begin: TEdit; 
    region2end: TEdit; 

    region3_CheckBox: TCheckBox; 
    region3begin: TEdit; 
    region3end: TEdit; 
    region4_CheckBox: TCheckBox; 
    region4begin: TEdit; 
    region4end: TEdit; 
    region5_CheckBox: TCheckBox; 
    region5begin: TEdit; 
    region5end: TEdit; 
    region6_CheckBox: TCheckBox; 
    region6begin: TEdit; 
    region6end: TEdit; 
    calc_ratio_Label: TLabel; 
    numeratoregion: TEdit; 
    ratio_to_Label: TLabel; 
    ratiodenominator: TEdit; 
    MaximumvalueCheckBox: TCheckBox; 
    maxwaveinput: TEdit; 
    othermaxint_radio: TRadioButton; 
    input_maxint: TEdit; 
    input_maxint2: TEdit; 
    procedure CalculateButtonClick(Sender: 
TObject); 
  end; 

var 
  Form1: TForm1; 
  datasize, topratioarea, bottomratioarea: integer; 
  maximumwavelength, maxintensity: real; 
  total, normarea, topratioareareal, bottomratioareareal: real; 
  intensityarray, basearray, areaarray: array of array of real; 
  totalint, flag, areaarraydimension: integer; 
  I, J, A, B, err, temp: integer; 
  interval: array[0..11]of integer; 
  wavearray, minarray, maxarray: array of real; 
  namearray: array of string; 
  textfile, textfile2: text; 
  region1min, region1max, region2min, region2max: real; 
  region3min, region3max, region4min, region4max: real; 
  region5min, region5max, region6min, region6max: real; 
  inputerror: boolean; 
  inputused: array[1..6] of boolean; 
implementation 
{$R *.DFM} 
Procedure wavenumbers_size_maximumset; {Determine the number of data points that the 
user is interested in} 
var 
   x: integer;    wavenumber: real; 
begin 
     assignfile (textfile,'wavenumber.dat'); 
     reset(textfile); 
     x:= 0; 
     readln(textfile,wavenumber); 
     x:= x + 1; 
     while ((wavenumber < maximumwavelength) and not(eof(textfile))) do 
           begin 
                readln(textfile,wavenumber); 
                x:= x + 1; 
           end; 
     if wavenumber > maximumwavelength 
        then datasize:= x-2 
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             else datasize:= x-1; 
     closefile(textfile); 
end; 
Procedure wavenumbers_size_fileset; {Determine the number of data points that the file 
supplies} 
var 
   x: integer;    wavenumber: real; 
begin 
     assignfile (textfile,'wavenumber.dat'); 
     reset(textfile); 
     x:= 0; 
     readln(textfile,wavenumber); 
     x:= x + 1; 
     while not(eof(textfile)) do 
           begin 
                readln(textfile,wavenumber); 
                x:= x + 1; 
           end; 
     datasize:= x; 
     closefile(textfile); 
end; 
Procedure initialise_arrays; {Specify the size of the arrays} 
begin 
     setlength(intensityarray, totalint, datasize); 
     setlength(wavearray, datasize); 
     setlength(minarray, totalint); 
     setlength(areaarray, totalint, areaarraydimension); 
     setlength(maxarray, totalint); 
     setlength(namearray, totalint); 
end; 
Procedure assign_wavenumbers; {Assign values to the wavenumber array} 
var 
   x: integer; 
begin 
     assignfile (textfile,'wavenumber.dat'); 
     reset(textfile); 
     for x:= 0 to (datasize-1) do 
         begin 
              readln(textfile,wavearray[x]); 
         end; 
     closefile(textfile); 
end; 
Procedure intensities; {Input the absorbance values} 
var 
   x, y, position: integer;    tempstring: string; 
begin 
     assignfile (textfile,'outintensity.prn'); 
     reset(textfile); 
     readln(textfile, tempstring); 
     for x:= 0 to (totalint-2) do 
         begin 
              position:= pos(' ',tempstring); 
              if position = 1 
                 then position:= pos(' ',copy(tempstring,2,1000000)); 
              namearray[x]:= copy(tempstring, 1, position); 
              delete(tempstring,1,position); 
         end; 
     namearray[totalint-1]:= tempstring; 
     for x:= 0 to (datasize-1) do 
         begin 
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              for y:= 0 to (totalint - 1) do 
                  begin 
                       read(textfile,intensityarray[y,x]); 
                  end; 
         end; 
     closefile(textfile); 
end; 
Procedure baseline; {Input Baseline parameters} 
var 
   x, y: integer;    tempstring: string; 
begin 
     assignfile (textfile,'baseline.dat'); 
     reset(textfile); 
     readln(textfile, tempstring); 
     for x:= 0 to 3 do 
         begin 
              for y:= 0 to (totalint - 1) do 
                  begin 
                       read(textfile,basearray[y,x]); 
                  end; 
         end; 
     closefile(textfile); 
end; 
Procedure find_min; {Find minimum absorbance} 
var x, y: integer; 
begin 
     for x:= 0 to (totalint -1) do 
         begin 
              minarray[x]:= intensityarray[x,0]; 
              for y:= 1 to (datasize-1) do 
                  begin 
                       minarray[x]:= min(minarray[x],intensityarray[x,y]); 
                  end; 
         end; 
end; 
Procedure find_max; {Find maximum absorbance} 
var x, y: integer; 
begin 
     for x:= 0 to (totalint -1) do 
         begin 
              maxarray[x]:= intensityarray[x,0]; 
              for y:= 1 to (datasize-1) do 
                  begin 
                       maxarray[x]:= max(maxarray[x],intensityarray[x,y]); 
                  end; 
         end; 
end; 
Procedure normalise_intensity; {Change intensities so that all absorbance values are between 
0 and 1} 
var x, y: integer; 
begin 
     for x:= 0 to (totalint - 1) do 
         begin 
              for y:= 0 to (datasize-1) do 
                  begin 
                       intensityarray[x,y]:= (intensityarray[x,y]-minarray[x])/(maxarray[x]-
minarray[x])*maxintensity; 
                  end; 
         end; 
end; 
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procedure calculate_total_area; {Calculate the current total area} 
var x, y: integer; 
begin 
     for x:= 0 to (totalint -1) do 
         begin 
              areaarray[x,0]:= 0; 
              for y:= 0 to (datasize - 2) do 
                  begin 
                       areaarray[x,0]:= areaarray[x,0] - 0.5*(wavearray[y]-
wavearray[y+1])*(intensityarray[x,y]+intensityarray[x,y+1]-2*minarray[x]); 
                  end; 
         end; 
end; 
Procedure normalise_area; {Insure that the minimum absorbance is 0 and that the total area 
equals the desired normarea} 
var x, y: integer; 
begin 
     for x:= 0 to (totalint - 1) do 
         begin 
              for y:= 0 to (datasize-1) do 
                  begin 
                       intensityarray[x,y]:= normarea*((intensityarray[x,y]-minarray[x])/(areaarray[x,0])); 
                  end; 
         end; 
end; 
Procedure baseline_correction; {Subtract the baseline} 
var 
   x, y: integer; 
begin 
     for x:= 0 to (totalint-1) do 
         begin 
              for y:= 0 to (datasize-1) do 
                  begin 
                       intensityarray[x,y]:= intensityarray[x,y] - 
basearray[x,0]*(wavearray[y]*wavearray[y]*wavearray[y]) - 
basearray[x,1]*(wavearray[y]*wavearray[y])- basearray[x,2]*wavearray[y]- basearray[x,3]; 
                  end; 
         end; 
end; 
Procedure determine_intervals; {The starting wavenumbers for the six regions are defined} 
var x: integer; 
begin 
     flag:= 0; 
     For x:= 0 to (datasize-1) do 
         begin 
   if (wavearray[x] >= region1min) and (flag = 0) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
  
if (wavearray[x] >= region1max) and (flag = 1) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
 if (wavearray[x] >= region2min) and (flag = 2) 
                 then 

                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region2max) and (flag = 3) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region3min) and (flag = 4) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region3max) and (flag = 5) 
                 then 

 

 Appendix  A6

 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLaannddmmaann,,  AA  AA    ((22000033))  

 



 Aspects of solid-state chemistry of fly ash and ultramarine pigments  

                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region4min) and (flag = 6) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region4max) and (flag = 7) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
 if (wavearray[x] >= region5min) and (flag = 8) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 

                     end; 
  if (wavearray[x] >= region5max) and (flag = 9) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
 if (wavearray[x] >= region6min) and (flag = 10) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
if (wavearray[x] >= region6max) and (flag = 11) 
                 then 
                     begin 
                          interval[flag]:= x; 
                          flag:= flag + 1; 
                     end; 
         end;

 
end; 
Procedure write_output; {Export the intensity normalised spectra} 
var x, y, z: integer; 
begin 
  Assignfile (textfile,'outintensity.prn'); 
  Assignfile (textfile2, 'outwavenumber.dat'); 
  rewrite(textfile); 
  rewrite(textfile2); 
  for z:= 0 to (totalint -1) do 
      begin 
           write(textfile, namearray[z]); 
           write(textfile, ' '); 
      end; 
  writeln(textfile); 
  for x:= 0 to (datasize-1) do 

      begin 
           for y:= 0 to (totalint-1) do 
               begin 
                    write(textfile, intensityarray[y,x]); 
                    write(textfile, ' '); 
               end; 
           writeln(textfile); 
           writeln(textfile2, wavearray[x]); 
      end; 
      closefile(textfile); 
      closefile(textfile2); 

end; 
Procedure Mean Frequency; {Calculate the mean frequency} 
var 
x, y, flag: integer; area: real; 
begin 
     for x:= 0 to (totalint-1) do 
         begin 
              flag:= 0; 
              y:= 0; 
              area:= 0; 
              while flag = 0 do 
                    begin 
                          area:= area - 0.5*(wavearray[y]-
wavearray[y+1])*(intensityarray[x,y]+intensityarray[x,y+1]-2*minarray[x]); 
                          if (area > (0.5*areaarray[x,0])) 
                          then 
                              begin 
                                   areaarray[x,8]:= wavearray[y]; 
                                   flag:= flag +1; 
                              end; 
                          y:= y + 1; 
              end; 
         end; 
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end; 
procedure relative_areas; {Calculate the relative area in each region} 
var x, y, n: integer; 
begin 
     for x:= 0 to (totalint - 1) do 
         begin 
              n:= 0; 
              while n <= 11 do 
                  begin 
                       y:= interval[n]; 
                       while y <= interval[n+1] do 
                           begin 
                           areaarray[x,round((n/2)+1)]:= areaarray[x,round((n/2)+1)]-0.5*(wavearray[y]-
wavearray[y+1])*(intensityarray[x,y]+intensityarray[x,y+1] - 2*minarray[x]); 
                           y:= y + 1; 
                           end; 
                       areaarray[x,round((n/2)+1)]:= areaarray[x,round((n/2)+1)]/areaarray[x,0]*100; 
                       n:= n + 2; 
                  end; 
              areaarray[x,7]:= areaarray[x,topratioarea]/areaarray[x,bottomratioarea]; {ratio} 
         end; 
end; 
Procedure write_relative_area_output; {Export the Area, ratio and mean frequency data}  
var x, y: integer; 
begin 
  Assignfile (textfile,'areaoutput.dat'); 
  rewrite(textfile); 
  writeln(textfile, 'Name Total Region1 Region2 Region3 Region4 Region5 Region6 Ratio Mean 
Frequency'); 
  for x:= 0 to (totalint - 1) do 
      begin 
           write(textfile, namearray[x]); 
           write(textfile, ' '); 
           for y:= 0 to 8 do 
               begin 

                    write(textfile, areaarray[x,y]); 
                    write(textfile, ' '); 
               end; 
           writeln(textfile,'') 
      end; 
      closefile(textfile); 

end; 
procedure TForm1.CalculateButtonClick(Sender: TObject); 
begin 
     inputerror:= false; 
{Obtain the dimensions of the arrays based on wavenumber} 
     if MaximumvalueCheckBox.Checked 
        then 
            begin 
                 val (maxwaveinput.text, maximumwavelength,err); 
                 wavenumbers_size_maximumset; 
            end; 
     if standard_area_calc_radio.Checked 
        then 
            begin 
                 maximumwavelength:= 2500; 
                 wavenumbers_size_maximumset; 
                 {define interval regions} 
            end; 
     if not(MaximumvalueCheckBox.Checked or standard_area_calc_radio.Checked) 
        then wavenumbers_size_fileset; 
{Obtain the dimensions of the arrays based on number of spectra} 
     Val (numberofspectrainput.text,total,err); 
     totalint:= round(total); 
{Obtain the dimensions of the arrays based on whether the areaarray is used to normalise the 
area or do a region analysis} 
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     if (costum_area_calc_radio.Checked or standard_area_calc_radio.Checked) 
        then areaarraydimension:= 9 
             else areaarraydimension:= 1; 
{Input intensities into initialised arrays} 
     initialise_arrays; 
     assign_wavenumbers; 
     fix_minus_intensity; 

     get_rid_of_extra_spaces_intensity; 
     intensities; 

{Normalise intensity to 1} 
     if Norm_int_radio.Checked 
        then 
            begin 
                  maxintensity:= 1; 
                  find_min; 

                  find_max; 
                  normalise_intensity; 
                  write_output; 
                  endbox.text:= 'Done'; 
            end; 

{Normalise intensity to another value} 
     if othermaxint_radio.Checked 
        then 
            begin 
                 val 
(input_maxint.text,maxintensity,err); 
                 find_min; 

                 find_max; 
                 normalise_intensity; 
                 write_output; 
                 endbox.text:= 'Done'; 
            end; 

{Area normalisation} 
     if normarea_radio.Checked 
        then 
            begin 
                 val 
(Norm_area_input.text,normarea,err); 
                 find_min; 

                 find_max; 
                 calculate_total_area; 
                 normalise_area; 
                 write_output; 
                 endbox.text:= 'Done'; 
            end; 

{Baseline correction and area normalisation} 
     if base_area_corr_radio.Checked 
        then 
            begin 
                 fix_minus_base; 
                 get_rid_of_extra_spaces_base; 
                 setlength (basearray, totalint, 4); 
                 baseline; 
                 baseline_correction; 

                 val 
(Norm_area_input2.text,normarea,err); 
                 find_min; 
                 find_max; 
                 calculate_total_area; 
                 normalise_area; 
                 write_output; 
                 endbox.text:= 'Done'; 
            end; 

{Baseline correction without area normalisation} 
     if Base_corr_radio.Checked 
        then 
            begin 
                 fix_minus_base; 
                 get_rid_of_extra_spaces_base; 
                 setlength (basearray, totalint, 4); 

                 baseline; 
                 baseline_correction; 
                 write_output; 
                 endbox.text:= 'Done'; 
            end; 

{Baseline correction and intensity normalisation} 
     if base_int_corr_radio.Checked 
        then 
            begin 
                 fix_minus_base; 
                 get_rid_of_extra_spaces_base; 
                 setlength (basearray, totalint, 4); 
                 baseline; 
                 baseline_correction; 

                 val 
(input_maxint2.text,maxintensity,err); 
                 find_min; 
                 find_max; 
                 normalise_intensity; 
                 write_output; 
                 endbox.text:= 'Done'; 
            end; 

{Calculate predefined area ratios} 
     if standard_area_calc_radio.Checked 
        then 
            begin 
                 region1min:= 401; 
                 region1max:= 500; 
                 region2min:= 501; 

                 region2max:= 800; 
                 region3min:= 801; 
                 region3max:= 1000; 
                 region4min:= 1001; 
                 region4max:= 1300; 
                 region5min:= 1301; 
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                 region5max:= 1700; 
                 region6min:= 1701; 
                 region6max:= 2498; 
                 topratioarea:= 2; 
                 bottomratioarea:= 1; 
                 determine_intervals; 
                 find_min; 

                 calculate_total_area; 
                 relative_areas; 
                 Mean Frequency; 
                 write_relative_area_output; 
                 endbox.text:= 'Done'; 
            end; 

{Calculate user defined area ratios} 
      if costum_area_calc_radio.Checked 
         then 
             begin 
      if region1_CheckBox.Checked 
     then 
     begin 
      val (region1begin.text, region1min, err); 
      val (region1end.text, region1max, err); 
          if (region1min >= region1max) 
         or (region1min < wavearray[0]) 
        or (region1max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[1]:= true; 
     end 
     else 
     begin 
      region1min:= wavearray[1]; 
      region1max:= wavearray[0]; 
      inputused[1]:= false; 
     end; 
      if region2_CheckBox.Checked 
     then 
     begin 
      val (region2begin.text, region2min, err); 
      val (region2end.text, region2max, err); 
          if (region2min >= region2max) 
         or (region2min < wavearray[0]) 
        or (region2max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[2]:= true; 
     end 
     else 
     begin 
      region2min:= wavearray[1]; 
      region2max:= wavearray[0]; 
      inputused[2]:= false; 
     end; 
      if region3_CheckBox.Checked 
     then 
     begin 
      val (region3begin.text, region3min, err); 
      val (region3end.text, region3max, err); 
      if (region3min >= region3max) 
         or (region3min < wavearray[0]) 
        or (region3max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[3]:= true; 
     end 
     else 
     begin 
      region3min:= wavearray[1]; 
      region3max:= wavearray[0]; 

      inputused[3]:= false; 
     end; 
      if region4_CheckBox.Checked 
     then 
     begin 
      val (region4begin.text, region4min, err); 
      val (region4end.text, region4max, err); 
      if (region4min >= region4max) 
         or (region4min < wavearray[0]) 
        or (region4max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[4]:= true; 
     end 
     else 
     begin 
      region4min:= wavearray[1]; 
      region4max:= wavearray[0]; 
      inputused[4]:= false; 
     end; 
      if region5_CheckBox.Checked 
     then 
     begin 
      val (region5begin.text, region5min, err); 
      val (region5end.text, region5max, err); 
      if (region5min >= region5max) 
         or (region5min < wavearray[0]) 
        or (region5max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[5]:= true; 
     end 
     else 
     begin 
      region5min:= wavearray[1]; 
      region5max:= wavearray[0]; 
      inputused[5]:= false; 
     end; 
      if region6_CheckBox.Checked 
     then 
     begin 
      val (region6begin.text, region6min, err); 
      val (region6end.text, region6max, err); 
      if (region6min >= region6max) 
         or (region6min < wavearray[0]) 
        or (region6max > wavearray[datasize-1]) 
           then inputerror:= true; 
      inputused[6]:= true; 
     end 
     else 
     begin 
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      region6min:= wavearray[1]; 
      region6max:= wavearray[0]; 
      inputused[6]:= false; 
     end; 
      val (numeratoregion.text, topratioareareal, 
err); 
      val (ratiodenominator.text, 
bottomratioareareal, err); 
      topratioarea:= round(topratioareareal); 
      bottomratioarea:= 
round(bottomratioareareal); 
      if not(inputused[topratioarea] and 
inputused[bottomratioarea]) 
     then inputerror:= true; 

      if not(inputerror) 
     then 
     begin 
      determine_intervals; 
      find_min; 
      calculate_total_area; 
      relative_areas; 
      Mean Frequency; 
      write_relative_area_output; 
      endbox.text:= 'Done'; 
     end 
      else endbox.text:= 'There is an error in the 
input'; 

end; 
end; 
end. 
 
 
A2. VOLUME CALCULATION PROGRAM 
 

 
 
{This program uses the Cartesian coordinates and atomic numbers of the input file 
to calculate the volume based on the method of A Gavezzotti, J. Am. Chem. Soc. 105, 5220-
5225, 1983 
The atomic radii are taken from Gavezzotti, 
R.D. Shannon, Acta Cryst. A32, 751-767,1976 
A Bondi, J. Phys. Chem. 68(3), 441-451, 1964} 
unit Vol_calc; 
uses 
  Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
  StdCtrls, Buttons, Math; 
type 
  TForm1 = class(TForm) 
    CloseBitBtn: TBitBtn; 
    Calculate_button: TButton; 
    files_GroupBox: TGroupBox; 
    input_Label: TLabel; 
    format_Label: TLabel; 
    description_Label: TLabel; 
    example_Label: TLabel; 

    more_Label: TLabel; 
    output_Label: TLabel; 
    user_comm: TEdit; 
    example_Label2: TLabel; 
    inout2_Label: TLabel; 
    Presicion: TEdit; 
    procedure Calculate_buttonClick(Sender: 
TObject); 

  end; 
var 
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  Form1: TForm1; 
  coordinate_array: array of array of real; 
  in_atom_array: array of array of array of real; 
  VDWrad, Atom_rad: array of real; 
  number_of_atoms, err, number_pointsx, number_pointsy, number_pointsz: integer; 
  volume_total, volume_incr, startx, starty, startz: real; 
  volume_atoms, volume_cavity, endx, endy, endz: real; 
  flag_inside_atom, flag_in_cavity: boolean; 
implementation 
{$R *.DFM} 
procedure input_vdwrad; 
var 
   textfile: text;    x: integer; 
{Reads the van der Waals radii into the array} 
begin; 
      assignfile (textfile, 'vdw_rad.txt'); 
      reset(textfile); 
      setlength(VDWrad, 103); 
      
 

 for x:= 0 to  102 do 
          begin 
               readln(textfile); 
               readln(textfile,VDWrad[x]); 
          end; 

end; 
procedure input_from_file; 
var 
   textfile: text; 
   x, y: integer; 
   atomnumber_real: real; 
{Reads in the data from the input file: input.prn} 
begin; 
     assignfile (textfile,'input.prn'); 
     reset(textfile); 
     {First determine the number of atoms} 
     x:= 0; 
     while not(eof(textfile)) do 
           begin 
                readln(textfile); 
                x:= x + 1; 
           end; 
     number_of_atoms:= x-1; 
     reset(textfile); 
     {Initialise the dinamic arrays} 
     setlength(coordinate_array, (number_of_atoms+1), 3); 
     setlength(Atom_rad, (number_of_atoms+1)); 
     {Read the values into the appropriate arrays} 
     for x:= 0 to number_of_atoms do 
         begin 
              read(textfile,atomnumber_real); 
              Atom_rad[x]:= VDWrad[round(atomnumber_real)-1]; 
              for y:= 0 to 2 do 
                  begin 
                       read(textfile,coordinate_array[x,y]); 
                  end; 
              readln(textfile); 
         end; 
     closefile(textfile); 
end; 
procedure coordinate_system; 
var 
   x: integer;    maxrad: real; 
{Determines the dimensions of the volume to be searched} 
begin; 
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      startx:= 0; 
      starty:= 0; 
      startz:= 0; 
      endx:= 0; 

      endy:= 0; 
      endz:= 0; 
      maxrad:= 0; 

      for x:= 0 to number_of_atoms do 
          begin 
               endx:= max(endx,coordinate_array[x,0]); 
               endy:= max(endy,coordinate_array[x,1]); 
               endz:= max(endz,coordinate_array[x,2]); 
               startx:= min(startx,coordinate_array[x,0]); 
               starty:= min(starty,coordinate_array[x,1]); 
               startz:= min(startz,coordinate_array[x,2]); 
               maxrad:= max(maxrad,atom_rad[x]); 
          end; 
      {ensure that the molecule is in the correct octant of 3D space} 
      for x:= 0 to number_of_atoms do 
          begin 
               coordinate_array[x,0]:= coordinate_array[x,0] + abs(startx) + 1.1*maxrad; 
               coordinate_array[x,1]:= coordinate_array[x,1] + abs(starty) + 1.1*maxrad; 
               coordinate_array[x,2]:= coordinate_array[x,2] + abs(startz) + 1.1*maxrad; 
          end; 
      number_pointsx:= trunc((2*1.1*maxrad + endx - startx)/volume_incr) + 1; 
      number_pointsy:= trunc((2*1.1*maxrad + endy - starty)/volume_incr) + 1; 
      number_pointsz:= trunc((2*1.1*maxrad + endz - startz)/volume_incr) + 1; 
      setlength(in_atom_array, number_pointsx+1, number_pointsy+1, number_pointsz+1); 
end; 
Procedure initialise_in_atom_array; 
var 
   x, y, z:integer; 
begin 
     for x:= 0 to number_pointsx do 
         begin 
              for y:= 0 to number_pointsy do 
                  begin 
                       for z:= 0 to number_pointsz do 
                           begin 
                                in_atom_array[x,y,z]:= 0; 
                           end; 
                  end; 
         end; 
end; 
procedure calculate_volume; 
var 
   a, x, y, z, molendz:integer; 
   posx, posy, posz, centerx, centery, centerz, sum_total, sum_cavity, sum_atoms : real; 
   flag_inside_mol, flag_inside_wall: boolean; 
begin; 
      initialise_in_atom_array; 
      for x:= 0 to number_pointsx do 
         begin 
              posx:= x*volume_incr; 
              for y:= 0 to number_pointsy do 
                 begin 
                      posy:= y*volume_incr; 
                      for z:= 0 to number_pointsz do 
                          begin 
                              posz:= z*volume_incr; 
                               flag_inside_atom:= false; 
                               a:= 0; 
                               while ((a <= number_of_atoms) and not(flag_inside_atom)) do 
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                                   begin 
                                        centerx:= posx - coordinate_array[a,0]; 
                                        centery:= posy - coordinate_array[a,1]; 
                                        centerz:= posz - coordinate_array[a,2]; 
                                        flag_inside_atom:= (((centerx*centerx)+(centery*centery)+(centerz*centerz)) 
<= (Atom_rad[a]*Atom_rad[a])); 
                                        if flag_inside_atom 
                                             then in_atom_array[x,y,z]:= 1; 
                                        a:= a +1; 
                                     end; 
                            end; 
                   end; 
          end; 
     sum_total:= 0; 
     sum_atoms:= 0; 
     sum_cavity:= 0; 
     for x:= 0 to number_pointsx do 
         begin 
              for y:= 0 to number_pointsy do 
                  begin 
                       flag_inside_mol:= false; 
                       flag_inside_wall:= false; 
                       molendz:= number_pointsz; 
                       z:= number_pointsz; 
                       while z >= 0 do 
                           begin 
                                if (in_atom_array[x,y,z] = 1) 
                                   then 
                                       begin 
                                            molendz:= z; 
                                            z:= 0; 
                                       end; 
                                z:= z -1; 
                           end; 
                       for z:= 1 to molendz do 
                           begin 
                                sum_atoms:= sum_atoms + in_atom_array[x,y,z]; 
                                if (in_atom_array[x,y,z] = 1) 
                                   then 
                                       begin 
                                            flag_inside_mol:= true; 
                                            flag_inside_wall:= true; 
                                       end; 
                                if flag_inside_mol and not (in_atom_array[x,y,z] = in_atom_array[x,y,(z-1)]) 
                                   then flag_inside_wall:= false; 
                                if flag_inside_mol and not(flag_inside_wall) 
                                   then sum_cavity:= sum_cavity + 1; 
                                if flag_inside_mol 
                                   then sum_total:= sum_total + 1; 
                           end; 
                  end; 
         end; 
     volume_incr:= Power(volume_incr,3); 
     volume_total:= sum_total*volume_incr; 

     volume_cavity:= sum_cavity*volume_incr; 
     volume_atoms:= sum_atoms*volume_incr; 

end; 
procedure output; 
var 
   x, y, z:integer; 
   textfile: text; 
{The results are saved in the file output.prn} 
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begin 
     assignfile (textfile,'output.prn'); 
     rewrite(textfile); 
     write(textfile, 'Total volume: '); 
     writeln(textfile,volume_total); 
     write(textfile, 'Volume ocuppied by the 
atoms: '); 

     writeln(textfile,volume_atoms); 
     write(textfile, 'Cavity volume: '); 
     writeln(textfile,volume_cavity); 
     closefile(textfile); 

end; 
procedure TForm1.Calculate_buttonClick(Sender: TObject); 
begin; 
      input_vdwrad; 
      input_from_file; 
      Val(Presicion.text,volume_incr,err); 
      coordinate_system; 

      calculate_volume; 
      output; 
      user_comm.text:= 'Done'; 

end; 
end. 
 
 

B. RAW DATA 
 
B1. ULTRAMARINE BLUE KINETIC PEAK FITTING DATA 
 
 
Spectrum Peak 1 Peak 1 Int Peak 2 Peak 2 Int Ratio Ave Ratio Uncertainty

umbl10 542.725 3456.36 578.986 670.653 0.2  
umbl102 540.069 2283.56 574.995 958.82 0.4  
umbl103 543.762 1183.07 578.865 215.091 0.2 0.19 0.02
umbl104 541.757 1197.34 576.442 463.313 0.4 0.3 0.1
umbl301 546.424 193.663 585.666 21.9575 0.1  
umbl302 545.009 705.423 582.165 81.9958 0.1  
umbl303 544.169 1854.61 580.265 287.992 0.2  
umbl304 542.403 4272.75 578.351 857.254 0.2  
umbl305 543.625 1178.56 579.748 222.864 0.2 0.15 0.04
umbl60 544.527 2808.5 582.919 347.586 0.1  
umbl602 545.156 2785.09 583.421 314.326 0.1  
umbl603 544.237 4318.1 581.031 578.612 0.1  
umbl604 544.215 6725.48 581.998 851.471 0.1 0.12 0.01
umbl95 545.967 759.234 578.029 69.1982 0.1  
umbl953 546.469 1253.29 583.098 93.691 0.1  
umbl954 545.479 1483.57 582.583 157.149 0.1  
umbl955 544.44 4829.83 578.315 617.86 0.1 0.10 0.02
Umblack 543.982 1506.58 579.563 263.521 0.2  
Umblack2 543.945 3788.4 577.968 900.849 0.2  
Umblack3 543.943 11462.2 578.36 2456.75 0.2  
Umblack4 542.649 3574.16 579.635 853.635 0.2 0.22 0.03
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C. RAW DATA FOR THE CALCULATION OF THE TRUNCATED 
OCTAHEDRON VOLUME IN SODALITE CRYSTALS  

 
Authors Large 

Base 
Å 

Small 
Base 

Å 

Diagonal 
Height 

Å 

Height 
Å 

Volume 
Å 3 

Werner1 6.273 4.435 4.959 3.841 217.1
Werner2 6.202 4.386 4.903 3.797 209.8
Werner3 6.156 4.353 4.867 3.770 205.2
Werner4 6.092 4.308 4.816 3.730 198.9
Flesche 6.234 4.408 4.928 3.817 213.1
Nilesen1 6.276 4.438 4.962 3.844 217.5
Nilesen2 6.316 4.466 4.993 3.867 221.6
Nilesen3 6.370 4.505 5.036 3.900 227.4
Mead1 6.362 4.498 5.029 3.895 226.5
Mead2 6.380 4.511 5.043 3.906 228.4
Mead3 6.363 4.500 5.030 3.896 226.6
Mead4 6.394 4.522 5.056 3.916 230.0
Lons 6.272 4.435 4.958 3.840 217.0
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D. POSTERS 
 
 
Landman AA, De Waal D, Interpreting Infrared Spectra of Silicates, proc SACI2000, 26 September 
2000, p 138. 
 

 

 

 Appendix  A17

 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  LLaannddmmaann,,  AA  AA    ((22000033))  

 



 Aspects of solid-state chemistry of fly ash and ultramarine pigments  

Landman AA, De Waal, Using The Microscope To Elucidate Sub Microscopic Changes During The 
Formation Of Ultramarine Pigments, December 2001, proc Microscopic Society of Southern Africa, 31, 
p 37, 2001. 
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Landman AA, Boeyens JCA, De Waal D, The Nature of the Ultramarine Red Chromophore, 7th 
Annual Materials Modelling Meeting, University of the North, Polokwane, 2003. 
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Landman AA, De Waal D, Vanadium in the Mullite Structure, SACI Inorganic '03, Roode Vallei Country 
Lodge, Pretoria, 2003. 
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Landman AA, De Waal D, Symmetry in Pigmentary Chromophores, proc INDABA III, p , 8 August 
2000. 
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Landman AA, De Waal D, Vanadium electrons in Pigmentary Chromophores, proc INDABA III, p,  9 
August 2000. 
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De Waal D, Landman AA, Kruger RA, van Schalkwyk J, Using Raman Spectroscopy to verify pigment 
identity, proc Seventeenth International Conference on Raman Spectroscopy (ICORS 2000), Beijing, 
China, p , 20-24 August 2000. 
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Landman AA, De Waal D, Vibrational Spectroscopy of Vanadia in Silicates, proc Colloquium 
Spectroscopicum Internationale (CSI) XXXII, p P8-9, 10 July 2001. 
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Landman AA, De Waal D, The Benefits of Deconvoluting Vibrational Spectra of Pigments Based on 
Aluminosilicates, The First International Conference on Advanced Vibrational Spectroscopy ICAVS-1, 
p P5.44, 19 - 24 August 2001. 
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E. BENEFICIARIES 
 
 
E1. SPHERE-FILL (PTY) LTD 
 
"Sphere-Fill (Pty) Limited is a wholly owned subsidiary of Ash Resources, South Africa. Ash 
Resources currently sells over 1,2 million tons/annum of the finest quality fly ash in Southern Africa 
and the Middle East." (Contact Details - Company profile, Sphere-Fill, 
http://www.superpozz.com/contact1.html, 2002, downloaded 10 September 2002 - 10h00.) The 
spherical form of fly ash makes it potentially functional in improving the workability of plastics. The 
current grey colour of fly ash is however a deterrent, since this colour hides the colour of added 
pigments and fly ash is not marketable in its grey state. Sphere-Fill (Pty) Ltd needed to know whether 
it is possible to colour fly ash. The new colours observed in fly ash will make fly ash more marketable, 
especially the heat treated fly ash. Any company utilising the proposed pigment syntheses will be 
expected to sign a contract with Sphere-Fill (Pty) Ltd as exclusive supplier of fly ash. 
 
E2. ROLFES COLOUR PIGMENTS INTERNATIONAL 
 
Rolfes Colour Pigments International is interested in producing ultramarine blue locally. They can now 
consider using fly ash to produce the pigment. 
 
E3. UNIVERSITY OF PRETORIA 
 
"The University of Pretoria's mission is to: 

• be an internationally recognised academic institution which provides teaching, undertakes 
research and renders community service; 

• fulfil the educational, cultural, social, economic and technological needs of the South African 
and Southern African communities; and 

• be a member of the international scientific community." (University of Pretoria Mission 
statement, University of Pretoria, http://www.up.ac.za/history/mission.html, 05 May 2001, 
downloaded 5 May 2001 - 22:30.) 

 
This project aids in achieving these goals by: 

• Research that is relevant to local companies 
• Research output, with international exposure, in the form of journal articles (1 published, 1 

accepted, 2 submitted and 4 prepared), conference contributions in the form of posters (9) and 
lectures (4) and a thesis/dissertation. 

• Research grants help in extending and improving the facilities at the University of Pretoria. 
 
E4. SCIENCE 
 
Fly ash is a powerful starting reagent in the synthesis of ultramarine blue, and could possibly be used 
in other applications as well. Science gained from this research a methodology for studying the solid-
state reactions of fly ash. 
 
E5. ENVIRONMENT 
 
Man harnesses energy for beneficial purposes. Unfortunately this often has a price. In the Republic of 
South Africa the price of using low grade, abundantly available coal in generating electricity is 
mountains of fly ash. The aim of this project is to find other uses for fly ash and therefore reduce the 
problem of unused resources that pose environmental problems. Less fly ash in the environment will 
benefit not only the Republic of South Africa but also all countries that use coal-fired power plants. 
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F. PUBLISHED ARTICLE 
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http://0-www.sciencedirect.com.innopac.up.ac.za/science?_ob=MImg&_imagekey=B6VP2-438KDM9-7-N&_cdi=6194&_orig=search&_coverDate=06%2F09%2F2001&_sk=999959997&view=c&wchp=dGLbVzb-zSkzV&_acct=C000005298&_version=1&_userid=59388&md5=18a8eddbe6fef547ad856ee36e68cf4c&ie=f.pdf
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