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The unit cell of crystal structure that you are to examine has one short axis.  This, and the presence of one “heavy” atom, means that it is possible to determine two of the three positional co-ordinates for each atom from a study of a projection of the structure down the short axis provided that the coordinates of the heavy atom are known. (The heavy atom coordinates can be obtained from the Patterson map if desired).

A
Objectives

The objectives are to determine the approximate positions of all the atoms in one asymmetric unit and use a difference map procedure to find the best positions for all the atoms.  You are expected to complete the following two sections and to submit a brief report.


(1)
0KL Projection



Determine approximate y and z coordinates of the atoms from the data provided, by calculating and interpreting a Fourier synthesis for the 0kl projection using the “heavy-atom” method.  Improve these co-ordinates by using difference Fourier syntheses and locate the hydrogen atom(s).  [No advantage (or credit) will be gained by reducing the R‑factor below 4%.]


(2)
Description of the Structure


With the aid of a stereographic diagram of the unit cell contents that will be provided, write a brief description of the crystal structure

B
Experimental Data

Potassium bicarbonate crystallises in the monoclinic space group P21/c, with 


unit cell dimensions a = 3.708, b = 5.630, c = 15.176 Å, ( = 104( 31’.  
The density of the crystals, determined by flotation, was found to be 2.12 g cm-3.

The intensities of the 0kl reflections with sin((( < 0.65Å-1 have been corrected for Lorentz and polarisation factors and absorption effects to give (Fobs( data.


Special data:  For the purposes of this assignment you may assume that the |Fobs| data are on the absolute scale and that the atoms vibrate isotropically with known displacement parameters viz. with values of U for the heavy-atom of 0.032; C atom 0.035, O atoms 0.038 and for H atoms 0.040 Å2.

C
Computer Files

Most of the calculations required in this assignment will be done within an EXCEL workbook.


A workbook containing experimental data, including the position of the potassium atom, is available from the file server.  This should be largely self-explanatory with the aid of the glossary which is also provided on the server.  Do not delete any of the cells that have visible contents or formulae.


Take a little time to become familiar with worksheet labelled MAIN.  Most of the expressions that are required have already been inserted for you. Clicking on the various cells will show you what calculation is performed for each one.  For example, by selecting cells in the row #19 you can see the expression used to calculate each data item associated with a reflection.


The table at Y1 contains coefficients for calculating atomic scattering factors.


Functions written in the visual basic language are used to calculate Patterson, electron density and difference maps.  The code for the functions can be located by selecting Tools-Macros-Visual Basic Editor-Modules-Module 1.


The expression to be used for each kind of map is of the form:


=Patterson(B$1,$A2,19,7)


=Electron_density(B$1,$A2,19,7)


=Difference_density(B$1,$A2,19,7)

D
Outline of the procedure to be followed:
[NOTE TO INSTRUCTOR.

These notes do not include the possibility of calculating and solving the Patterson]


(1)
0KL Projection

(i)
Calculate the number of molecules in the unit cell.  Decide which equivalent positions the atoms must occupy.


(ii)
Calculate the value of sin(/( for every reflection by selecting J19 and extending to the bottom of the data list.


(iii)
Calculate structure factors based on the heavy atom 
coordinates. 

[The structure factor calculation requires that the scattering factor 
for each atom type for each reflection be available. These are calculated from a polynomial approximation to the scattering factor curves using the coefficients in the table at Y1. The required formulae are already in place. Calculate these scattering factors by clicking and copying in the usual way. (This need not be repeated).]



Select L19 and enter   =4*Fc_K. Calculate the structure factors and 



record the R-factor. It should be about 0.48.


(iv)
Calculate an electron density map for the projection.




Before running the program to calculate the electron density the following matters need consideration:



What are the limits of the summation to give an asymmetric unit?



What interval of summation along each axis is appropriate?



Symmetry Check:  Firstly, calculate an electron density map at a coarse interval so that the symmetry can be checked without taking too much time. Select Sheet 2, enter 0, 0.125, .25, .375, .5, .625, .75, .875, 1.0 into B1 to J1 and the same numbers into A2 to A10, these are the Y & Z fractional coordinates, respectively, at which the electron density will be calculated.  Enter =electron_density(B$1,$A2,19,7) into B2 and copy it into B2:J10. Check that this map, which is of one complete unit cell in projection, has the symmetry pgg. Make a copy of this by saving the worksheet to drive A under a different name by using SAVE AS. This map can be printed and used in your report if you wish.


The following procedure will result in a map that will fit on an A4 page.  It sets up a grid to enable the calculation of the map at intervals of Y = 0.05 (i.e every 0.28 Å) along b horizontally, and at intervals of Z = 0.02 (i.e. every 0.30 Å) along c vertically, and with the lengths of the sides in the correct proportions (b:csin().  A little more than one asymmetric unit is calculated.

The map is best calculated on a separate worksheet, in the same workbook. Select Sheet 2.


Set the font and font size to Arial 8.  Enter 0.0 and 0.05 into B1 and C1 and fill across to Q1 (0.75).. Enter 0.0 and 0.02 into A2 and A3 and fill down to A28 (0.52). Format these cells to 0.00. Format all other cells (B2 to Q28) to integer i.e. 0.


Using Format-Row-Height set the height of rows 2 to 28 to 23.25 and similarly set the column width of B to Q to 3.14.


Select B2 and enter the formula   =Electron_density(B$1,$A2,19,7). Copy this throughout the grid (B2 to Q28) and watch the map being calculated.  The numbers output by this function are in units of 10*electrons.



*** checkpoint *** Check that your map is correct before proceeding.


You can outline the asymmetric unit if you wish.  Save the map on to your disk A (using another name) and print the map.



Contour the map.  

If you are a regular EXCEL user you will realise that it is possible to contour the maps using the graphical functions of EXCEL.  To a certain extent, however, this procedure subverts one of the main objectives of this exercise, which is to demystify crystal structure analysis.   You must, therefore, print and contour one electron density map and one difference density map manually.

Estimate the coordinates of the non-hydrogen atoms as accurately as possible.


(v)
Include these coordinates in the calculation of structure factors and repeat (iii). Use    =4*(Fc_K+Fc_C+.......).


(vi)
Calculate a difference electron density map. It will be best to do this on a separate sheet. Print the map and contour positive and negative regions and mark the atomic positions used in the calculation.  The scale is 100*electrons. 
Improve the coordinates of the non-hydrogen atoms by moving them “up-the-slope”.


(vii)
Recalculate structure factors and repeat (vi). To see the effect on the difference map of moving an atom you need only recalculate a region of the map near the atom in question.


Cycle through (vi) and (vii) until the R-factor falls below 6%.


(viii)
When the R-factor is less than 6% the position of the hydrogen atom should be visible.  Include it in the model and cycle through (vi) and (vii) until the R‑factor falls below 4%.

E

Description of the Structure


Write a brief account the this exercise and describe the crystal structure:  Include, a contoured electron density map, a final difference map, information about the relationship between major units of the structure and any stereochemical and bonding features. Not more than 500 words.



**********Do not consult the original literature**********



Further information about writing the report will be given later.
M R Taylor       17 January 2000.

