
Advanced Lab-JK/PT X-ray Crystallography 
 

Purpose: To use x-ray diffraction to probe crystal structure and measure interatomic spacings in 

sodium chloride (NaCl), sodium bromide (NaBr), and potassium iodide (KI).  To learn techniques 

of powder diffraction and to understand the method of x-ray structure solution. 

 

References: 

Warren, B.E. X-ray Diffraction, various sections (ref. 1) 

Cullity, Elements of X-ray Diffraction, various sections 

Woolfson, M., An Introduction to X-ray Crystallography 

Diano X-ray machine manuals 

intro lab handout on x-ray diffraction. 

 

Theory: 

In an x-ray diffraction experiment, the intensity of an hkl
th

 reflection is proportional to the 

square of the structure factor,              
  (ignore other factors for a moment).  The structure 

factor is given by 

         
              

                

  

 

where fn is the form factor of the n
th

 atom in the unit cell (look it up in a standard table), “h k l” are 

the Miller indices of the particular reflection, xn, yn,and zn are the fractional coordinates of the n
th

 

atom in the unit cell and the sum runs over all atoms in the unit cell.  Notice that Fhkl is a complex 

number,             
     .  The intensity must be a real number, as you expect in an observation, 

and that also follows from the square of the structure factor  

             
        

                     
 . 

Notice that the phase angle hkl, which contains much information about the position of atoms, has 

disappeared(!) upon squaring the structure factor.  Since in a typical x-ray diffraction experiment 

one observes the intensity, the loss of the phase angle is called the phase problem.  Because of this 

loss, it is not possible simply to run an inverse Fourier transform on the square root of intensity and 

recover the position of atoms.  Since intensity only yields information on the magnitude of the 

structure factors, the analysis is more complicated and involves understanding statistical (and 

other) constraints on the structure factors or additional experimental techniques. The structure 

solution is thus aimed at recovering the phase angles (and consequently the position of atoms in 

the unit cell) from intensity measurements. 

 

Procedure and Analysis: 
Familiarize yourself with the operation of the Diano x-ray diffraction (XRD) machine, 

including the shutter.  The target in the x-ray tube is copper, so the only wavelengths it produces 

are Cu Kα and Kβ.  To eliminate the undesirable Kβ x-rays, use a nickel filter.  Pulverize NaCl, 

NaBr, and KI to prepare powdered samples. Scan to measure the intensity of reflections over as 

wide range of angles as possible.  Each of the compounds has a face-centered (FCC) Bravais lattice.  

Label each peak in your scan by its Miller index.  Briefly describe how you determined the indices.  

In a cubic crystal 

         

  
 

 

  
 

        

  
 

Using the above equation make a graph of sin(θ)/λ versus the square root of the sum of the squares 



of the Miller indices and determine the lattice constant a for each sample. Compare your values 

with accepted values. 

 

For each compound, make a table similar to that shown on page 59 of ref. 1.  To measure the 

“intensity” of a peak, you must integrate the peak (use Origin to fit each peak profile to determine 

the area under it).  The observed intensity is also affected by the multiplicity factor (symmetry 

related reflections overlap in a powdered diffraction), the Lorentz-polarization factor LP (a 

correction for a polarized or unpolarized beam) and the temperature factor (thermal fluctuations of 

atoms degrades Bragg intensity).  Describe and make these corrections.  Show how you calculate 

the structure factors (choose Cl to be at origin). Include a figure from which you determine the 

temperature factors (eq. 5.8 on page 61). 

 

Be alert to the “cheats” in this lab: we have used the known structure of the compounds to calculate 

the structure factors.  In an actual structure determination experiment, positions of the atoms are 

not known; it is the point of the experiment to figure them out (and the structure factors cannot be 

measured, only their square, i.e., the intensity).  We will not discuss the methods of x-ray structure 

solution, but since you have already calculated that each of the FCC structure factors (with Cl 

chosen at origin) is real and positive (i.e. every phase angle equals zero), make a contour plot of the 

electron density (in 2D) for these compounds.  The electron density is the inverse Fourier 

transform of the structure factors (and, conversely, it can be shown that the structure factors are the 

Fourier transform of the electron density).  The density projected onto the basal plane requires data 

from only the hk0-reflections and is given by 

       
 

 
       

           

  

 

where A is the area of the face, and x and y are the fractional coordinates within the unit cell.  For 

these particular FCC compounds, each Fhkl does simply equal to the square root of the intensity Ihkl 

(corrected for various factors).  Repeat: while the equation above always holds, in a typical x-ray 

experiment,            .  In order to use the above equation for a general case, the phase angles 

for the structure factors must be determined first (they are generally not zero, as in this lab). 

 

Supposing you know the form factors of Na and Cl (given in a standard table), and having obtained 

the intensity scans for NaCl and NaBr, can you determine the form factor for Br?  If so, tabulate it 

as a function of  and compare with published values. 

 

Warning: 
X-rays can be dangerous and are produced by this machine in dangerous quantities.  The machine 

is designed with appropriate shields so that your exposure will be negligible. The machine is also 

equipped with several safety interlocks that shut off the x-rays if shields are removed or if the 

machine overheats.  These interlocks also protect you from the extremely high voltage present on 

the x-ray tube.  Under no circumstances should you attempt to bypass these interlocks.  The 

machine may also have a shutter that is controlled independently of the console.  It is good safety 

practice to keep this shutter closed except when actually taking data; however, you must remember 

to re-open it before you start each scan!  Finally, do not hit “Reset” or “Setup,” since it takes some 

time and effort to reprogram the machine if you do this. 

 

 


