About the program

This is a refinement program (to refine the single crystal/powder XRD experimental data to (i) match the observed and calculated structure factors (ii) to refine the Debye-Waller factor (iii) hence to find experimental mean square amplitudes. Applicable to NaCl (diatomic, FCC) type systems.

This program can process the observed X-ray structure factors of NaCl (diatomic, FCC) type  structure. NaCl structure factors will be CALCULATED and the observed and calculated structure  factors will be matched using least-squares refinement method. The (i) Debye-Waller factor and (ii) the scale factor are the prime parameters refined in this program. The output file will contain the results of refinement in each least-squares refinement.

Also, the listing will have the h k l values of the reflections, FOBS (observed) structure factor, FCAL (calculated) structure factor, the difference DELF, error as the % (ERR), atomic scattering factor of the atom involved SF(I,1), the Bragg angle THETA, and sin(theta)/Lambda (SINT).

The observed powder XRD intensities from a powder data set can be utilized. First, the observed X-ray intensities should be converted into observed X-ray structure factors. The supplied SCAT771 program can be used for this purpose. Or any other method can be used to get the observed structure factors of each reflection from the observed intensities. The prime corrections to be applied to convert the X-ray intensities into X-ray structure factors are (i) multiplicity and (ii) Lorentz-polarization corrections. SCAT771 program can do this.

After, converting the X-ray intensities into structure factors using SCAT771, the input file for running KCl should be prepared.









Input

Prepare an input file for running KCl. The input is FORMAT sensitive. Hence adhere to the spacings and other syntaxes. The name should be in_b_kcl. (without full-stop)

 A typical input will be as follows;

 Refinement of KBr parameters (eg. fcc-KBr)
  2 20  1  1
  1.540560 6.600000 9.000000 1.200000 0.7000 3.0
  8.164  7.147  1.070  0.877  1.486 12.816  0.809 210.327 39.598  0.053  0.254
  0.3868 1.0657
 17.551  5.412  3.937  3.881  6.708  2.119 16.557   0.002 42.164  0.162 -2.492
 -0.676  1.281
  1  1  1     0.187
  2  0  0     0.701
  2  2  0     0.564
  3  1  1     0.175
  2  2  2     0.519
  4  0  0     0.493
  3  3  1     0.122
  4  2  0     0.400
  4  2  2     0.346
  5  1  1     0.150
  4  4  0     0.231
  5  3  1     0.084
  6  0  0     0.540
  6  2  0     0.246
  5  3  3     0.123
  6  2  2     0.213
  4  4  4     0.209
  7  1  1     0.117
  6  4  0     0.164
  6  4  2     0.134
  7  3  1     0.073
  8  0  0     0.183
  8  2  0     0.110
 99
  6  0  0






First line is the title line 

Second line, I parameter 1 indicates the number of species of atoms (allowed value is 2, since the program is for KCl -  diatomic system)

Second line, II parameter 20 indicates user inputted number of cycles of least-squares refinement, typically 10 to 20 enough for convergence. (here 20 is given)

Second line, III parameter 1 indicates Wilson plot analysis is done for finding Debye-Waller factor using Fobs and Fcal. 0 will not do Wilson plot analysis.

Second line, IV parameter 1 indicates the no. of observed reflections to be omitted from refinement process (in this case 1). This can be decided after initial refinements and checking the results for reflections with large differences in Fobs and Fcal. In this example 6 0 0 reflection has been omitted.

Third line, I parameter (1.54056) indicates the wavelength of X-rays used for XRD powder data recording.

Third line, II parameter (6.6) indicates the cell constant of the KBr system (in this case KBr with cell constant 6.6 angstrom).

Third line, III parameter (9.0) indicates the initial scale factor to be used in the refinement to match Fobs and Fcal. Any random value is OK so that refinement converges. 

Third line, IV parameter (1.2) indicates the initial B value of first atom (Debye-Waller factor of K atom) to be used in the refinement to match Fobs and Fcal. A small value is enough.

Third line, VI parameter (0.7) indicates the initial B value of second atom  (Debye-Waller factor of Br atom) to be used in the refinement to match Fobs and Fcal. A small value is enough.

Fourth line indicates the analytical co-efficients (5 parameter model) to calculate the atomic scattering factors of the first atoms. A1, A2, A3, A4, A5, B1, B2, B3, B4, B5, and C. A total of 11 coefficients are to be used. These values are listed in international tables for X-ray crystallography. But, if you use SCAT771 program you can find these values in one of the output files (PAR1) and use them in the input for KCl.

Fifth line indicates ( 0.3868   1.0657) two values, the anomalous dispersion corrections terms of the first atom for the X-ray wavelength used. These values are listed in international tables for X-ray crystallography. But, if you use SCAT771 program you can find these values in one of the output files (DIS1) and use them in the input for KCl.

Sixth line indicates the analytical co-efficients (5 parameter model) to calculate the atomic scattering factors of the second atoms. A1, A2, A3, A4, A5, B1, B2, B3, B4, B5, and C. A total of 11 coefficients are to be used. These values are listed in international tables for X-ray crystallography. But, if you use SCAT771 program you can find these values in one of the output files (PAR1) and use them in the input for KCl.

Seventh line indicates ( -0.676   1.281) two values, the anomalous dispersion corrections terms of the second atom for the X-ray wavelength used. These values are listed in international tables for X-ray crystallography. But, if you use SCAT771 program you can find these values in one of the output files (DIS1) and use them in the input for KCl.

In this input examples, the next 23 lines indicate the h k l values and the observed structure factors (FOBS) derived from SCAT771 program.

Next line 99 indicates the parameter to terminate the reading of the input. 

The last line (in this example) 6  0  0 indicates the reflection to be omitted (omit = 1 in this example – see second line 4th parameter)

 Output
 The output file name is out_b_kcl.  All the inputted values are listed first.  Then, a typical output cycle shows as follows.

    ---------------
    CYCLE NUMBER= 1
    ---------------
     SCALE FACTOR = 0.40245E-02     +/-     0.31926E+01
     B OF ANION   = 0.12005E+01     +/-     0.21172E+01
     B  OF CATION =  0.70079E+00    +/-    .47E+01
     CORRELATION BETWEEN  1AND 3 IS  =    0.66234559
          RMINIMUM=  0.243239

This 0.243239 is the Reliability factor R at the beginning of the refinement.

   
These results are self-explanatory. RMINIMUM will show the Reliability index at each cycle. At the end of 20th cycle (here, the no. of cycles is 20 in this example), you can see the following.

   			              ************************
                                                  ************************
                                                  ** 3R  MINIMUM=0.0890**
                                                  ************************
                                                  ************************ 
3R  MINIMUM=0.0890, indicates that the minimum R factor occurs at 3rd cycle and the R value is 8.90 %.

The parameter listed in the 3rd cycle are the refined parameter as follows.
    ---------------
    CYCLE NUMBER= 3
    ---------------
     SCALE FACTOR = 0.41111E-02     +/-     0.13762E-03
     B OF ANION       = 0.26059E+01     +/-     0.22291E+00
     B  OF CATION    =  0.29634E+01    +/-    .63E+00
     CORRELATION BETWEEN  1 AND 3 IS  =    0.68714958
          RMINIMUM=  0.088967

The final list of Fobs, Fcal etc are given in the order as follows;

H  K  L  FOBS      FCAL       DELF    ERR   SF(I,1)   SF(I,2)   THETA       SINT

FOBS = Observed structure factor
FCAL = Calculated structure factor
DELF = FOBS- abs(FCAL)
ERR   = (DELF/FOBS)*100
SF(I,1) = atomic scattering factor of first atom
SF(I,2) = atomic scattering factor of second atom
THETA = Bragg angle
SINT = (sin (theta)/Lambda)**2

Note, the most successful results can be obtained through a large no. observations.  That is - good statistics only will lead to convincing results.
