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Instrument Hazards and Best Practices: XRD SOPs to follow this section 

This document will cover the inherent hazards when utilizing this piece of equipment as well as 
the best practices and procedures to avoid danger. These hazards will not include basic things 
that may be included in the basic safety training document that each user has attested to have 
reviewed at fom.wwu.edu/documents. 
Lab coats are to be provided by the user unless special hazards exist in which case they 
are located at the PPE station. 
 
Hazards: 

- Chemical exposure 
- X-ray exposure 

 
1. Required PPE 
 Appropriate laboratory attire is required at all times in the AMSEC laboratories. Whenever 
chemicals are being used, an additional requirement of a lab coat is required. Lab coats are to be 
provided by the user. 

Whenever a user is in the AMSEC labs, the minimum requirement for eye protection is 
wrap around impact glasses. Anytime liquid chemicals are present in the same room as the user 
without a direct barrier, all users in the lab must wear chemical splash goggles. Splash goggles 
must be approved by State of Washington Administrative Code (WAC 296-24-078). 

If chemicals being used are considered toxic, caustic, corrosive, flammable solvents, 
carcinogenic, mutagenic, or teratogenic, a minimum of disposable nitrile gloves is required. Avoid 
chemical transfer by taking off gloves when using anything other than the chemical(s). 
 
2. X-ray exposure 
 The X-ray Diffractometer utilizes X-rays to carry out analyses. At any given time, X-rays 
are being produced by the XRD. As long as none of the interlocks are defeated, the chances of 
exposure to X-rays is nearly zero. The system has many different safety devices in place to shut 
down the X-ray generator if any malfunction occurs. This means that at no time should anyone 
tamper with or attempt to dismantle or repair any part of the instrument. The only exceptions are 
changing out the prefix modules for different types of analyses. These procedures are outlined in 
the standard operating procedures for the XRD. 
 All users of the XRD are required to participate in the X-ray radiation safety training 
course on Canvas. No user may have access to the instrument without passing the quiz at the 
end of the course with an 80% or higher. Contact the lab manager to access the quiz if you have 
not done so. If you already have access to the instrument but have never taken and/or passed 
the course, you must do so immediately. 
  

http://fom.wwu.edu/fom/documents
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X-Ray Reflectivity Standard Operating Procedure  

X-ray reflectivity (XRR) can be used to determine the thickness, roughness and density of surface 
layers in a flat sample.  The intensity of the specular reflection (reflected beam) from the surface 
is measured as a function of the incident beam angle.  For x-rays, these reflections occur at very 
low incident beam angles (0.1-5°) and so consideration of air scatter is paramount.  The 
limitation of the technique is that the sample has to be relatively smooth, relatively flat and 
relatively large (> 1 x 1cm). 

1. Data Collector  XRR login- password on the desktop  
2. Connect to instrument: Instrument Tab  Connect  OK 

a. Make sure the doors are closed before trying to connect to the instrument  
b. Hit yes to both of the offset questions  
c. Double click generator to increase the current to 40 mA 

3. Change the optics set up inside the instrument (can be done any time before scanning) 

 

 

4. Insert the sample and make sure it is aligned centered in the holder 

Optics for powders 

Optics for XRR 

Detector and Soller slits must 
be swapped between setups 

Be careful of cable attached 
to automatic attenuator 
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5. Check the incident and diffracted optics setups to match images below

 
6. Perform a direct beam height alignment  

a. Underneath Incident beam optics set automatic attenuator to “do not switch” usage 
and activate 

7. Instrument settings  positions  
a. Set all of the values to “0”  
b. There are 3 possible decimal places for all of the axes  

8. If you need to open the doors for some reason during manual scan, close the shutter first 
using either the blue arrow or the shutter close button on the panel of the instrument 

9. Measure  manual scan. Manual scans use the current position set point as a median. A 2θ 
scan of 1° with 2θ at 0 will scan from -0.5° to 0.5°. This is true for any scan axis. 

a. Scan 2Theta at continuous  
i. Time per step 0.1 seconds  

ii. Range is ~ 1 
iii. Number of counts/sec should be between 6 and 12 million.  
iv. Make sure the axes scale to linear (right click on y-axis) – cps 
v. Center to the top of the peak  

1. Right click on the graph and hit “peak mode” 
2. “Move to” button will adjust your axis to the peak maximum 
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10. Move to a Z value in the left menu to an estimated value of around 7.5 to 8 
a. Scan z where range is 1 and time per step in 0.1 sec.  
b. You should see something similar to the graph below. If you only see the high signal, 

try moving to a higher z-value and rescan. If you only see 0 counts, move to a lower 
z-value and rescan. 

c. Zoom in to an area around 50% of the signal maximum  
i. Move your cursor on the line to this intensity and note the z value 

associated with that, the current x-y coordinates are shown on the toolbar 
above the graph next to the green question mark. 

ii. Then go to the left menu and manually change the z location to this number  

 

11. Perform an Omega scan  
a. Range is 2 and the step size is 0.1 seconds  
b. If the peak is really broad then move to center, do z again and then omega then 

z again  
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12. If the omega scan is really broad and you can’t even tell where the center is: 
a. Manually increase z by 0.05 mm and then rescan omega  
b. You might need to do this a few times  
c. Then redo z scan to make sure and it still looks okay and recheck omega to make 

sure it is centered with what we manually set it to  

 

13. Update fine calibration settings  
a. User settings  fine calibration offsets  
b. “set new =0”  OKAY  

14. Double click on incident beam optics on left menu  
a. Beam attenuator  
b. Switch usage to “at pre-set intensity”  OKAY (do not change any of the numbers)  
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15. Move to a position just beyond the critical edge (this can be different for different samples. 

The default value to try is 1.0 2θ and 0.5ω. If your signal is very low, try using 0.6 2θ and 
0.3ω.) 

a. Double click on the positions to change 2Theta and Omega 
i. For TiO2

 change 2Theta to 1 and Omega to 0.5 
ii. For Gold change 2Theta to 1.2 and Omega to 0.6 

iii. Omega should always be half of what 2Theta is   
iv. The counts may be lower than expected based on how far away you are 

from the critical edge (TiO2 has a much smaller critical edge) 
v. Everything else should be “0” except Z  

16. Scan omega again  
a. Peak mode  move to center  

 

17. Scan chi  
a. Range should be either 5 or 10 roughly  
b. Move to peak center  

i. If peak is broad and you cannot see both baselines then you might need to 
eyeball the center of the peak and manually move it instead of using peak 
mode  

ii. Should ideally be 1 peak*** 
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18. Rescan omega and chi until no further adjustment is needed. 
19. User Setting  Sample Offsets  

a. Set 2θ to the current value 
b. Set ω to half of 2θ 
c. Set χ to 0  
d. Click “OK” 
e. DO NOT CLICK “SET NEW = 0”!!!! 
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20. Change y-axis to logarithmic  Perform scan 

a. Write an absolute scan measurement program with “Omega-2Theta” as the scan 
axis and the “Omega Offset = 0”.  File  New Program 

b. The start angle should be just below the critical angle around 0.1° and the end angle 
should be high enough that the measurement falls off to background, typically 3 to 
5°.  Use a step size small enough to sufficiently sample the oscillations in the 
reflected intensity (1/10th the FWHM of the narrowest oscillation) and a time per 
step sufficient for good statistics at higher angles. 

c. Click the red x in the top right to initial the save function. Save your file under 
C:/Data/”insert your research group folder here”. Give your file a descriptive name. 
This file can be used for most of your reflectivity scans. 

21. To perform the scan, click Measure  Program (make sure the manual scan window is 
closed first) and then hit Browse to find your program. 

a. Make sure to change the save location and the filename of your scan. The save 
should be somewhere in C:/XRD Data/”your research group folder”/”your 
personal folder”. 

b. Click OK 

 

22. In order to do Data Analysis  
a. Open X’Pert Reflectivity 
b. Open Scan File under the name you saved the data under 
c. Change the bottom tab to Thickness Analysis  
d. Move the cursor to the following locations and set as specified parameter  

i. Critical angle  where the plateau begins to slope down  
ii. Start angle  the top of the plateau where it is flat  

iii. First fringe  either the first valley or peak of the first fringe after the 
decrease of the plateau  

iv. Second fringe  following valley or peak  
v. This will give a thickness measurement  

1. You can compare the thickness measurements between setting the 
fringe to valleys and peaks to see how they compare  

e. Fitting Details need to be examined further in order to get an accurate thickness 
measurement  

Critical Angle 
Start Angle 

First Fringe 

Second Fringe 
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23. When you are done with measurements make sure to replace the optics to Powder set up  

a. Return the current to 20 mA  
i. Double click on generator under instrument settings  

b. Close the software  Disconnect instrument  

 

 

 


