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Basic P-XRD instructions for Operating the Instrument 
 
Instrument Parts 

Incident Beam Optics (left arm)  

1) X-ray source (Cu) 

i. Rest settings: 45 kV, 20mA 

ii. Run settings: 45 kV, 40mA 

2) Monochromator (Ge crystal – selects the Cu Kα1 wavelength) 

3) Soller slit (usually 0.04 rad – keeps the beam collimated) 

4) Divergence slit (programmable, grey box – limits the vertical size of the beam on your sample) 

i. Choose the size based on your sample size and the starting angle of your run – use the chart of 

irradiated length vs. 2theta. 

5) Mask (gold colored thing – limits the horizontal size of the beam on your sample) 

i. Must use the 10 mm mask with the zero-background holders. Can use the 15 (possibly 20) with 

the regular holders. 

6) Anti-scatter slit (manual slit) 

i. Usually made to be twice the size of the divergent beam slit. 

Sample Stage: Reflection-Transmission Spinner 

1) Uses an automated sample changer (15-positions, top position is #1) 

2) Several different sample holders are available (top drawer to the left of the sink) 

a. Normal (steel) = 27mm sample diameter, 2mm depth 

b. Normal (steel) with Aluminum insert(s) = 25mm sample diameter, 1mm (#3) or 0.5mm (#2) 

depth 

c. Zero background (Silicon wafer, cut in very specific direction ($$$))= 15mm sample diameter 

(but can use same slits as for the 25mm samples), 0.5mm depth  

Other available stages: flat bracket (convenient for larger thin films), capillary (for air sensitive samples), and 

high temperature (for in situ heating of samples that do not evolve corrosive gases)  

Diffracted beam side (right arm) 

1) Anti-scatter slit (programmable, grey box) 

i. Usually make this the same size as the divergent beam slit 

2) Soller slit (usually 0.04 rad) 

3) X’Celerator detector 
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Step 1: Always check to make sure no one is running a sample: 

1) Check the ‘Status’ of the Sample changer in the Instrument Settings tab in the Data Collector software to see if a 

sample is loaded  (or look at the sample spinner stage).  

a. If a sample is loaded, unload it before logging the previous user out of Data Collector. 

2) Check the ‘Status’ of the Shutter in the Instrument Settings tab (or look at the x-ray source in the back left of the 

instrument – if the shutter is open, the little yellow light will be on).  

a. Close the shutter if it is open.  

3) Take out any samples left in the sample changer tower. Clearly mark the position from which they came. 

Then log yourself in to the Data Collector program. Also log in to the log book. 

4) Connect the Data Collector software to the instrument (instrument tab ->connect) 

a. If all the triangles are yellow, proceed. If any are red, stop and get assistance. 

Step 2: Prepare the sample(s)  

1) Determine the sample holder you need to use 

a. Always use the deepest holder that you can fill with the amount of sample you have. Lighter elements 

don’t scatter x-rays as well as heavier ones, so the x-rays penetrate deeper. Thus, for lighter elements 

(like Al) you will need to use the deepest holder or the zero background holder. 

i. If there are unexplained (sharp) peaks in your data, check your data against the scan of the 

empty sample holder on the computer desktop to see if they are from the sample holder. If they 

are, rerun your sample using either a deeper holder or the zero background holders. 

2) Place your chosen holder on top of a piece of weigh paper (to catch any spilled sample) and pour some of your 

sample into the sample holder.  

3) Smooth the surface using a straight edge (like a razor blade), then continue adding sample and smoothing it until 

the holder is full and the top of the sample is level with the top of the holder. 

a. If your sample height is off, the 2theta peak positions will be shifted slightly 

b. If you are having difficulty smoothing the surface because your powder is too coarse, grind your powder 

using a mortar/pestle until it is fine enough to smooth 

4) Load your sample(s) into the sample changer tower. Keep track of which sample you put in which position (the 

position numbers start with 1 at the top and go down chronologically). 

a. BE GENTLE WITH THE DOORS both while opening and closing them. Do not slam them or jar them out of 

alignment; the beam will not turn on if the doors are not in alignment. 

Step 3: Determine the appropriate slit sizes 

1) Choose the size of the programmable slits (the divergent beam slit on the incident beam side and the 

antiscatter slit on the diffracted beam side) based on your sample size and the starting angle of your run – 

use the chart of irradiated length vs. 2theta to determine the largest size slit you can use 

a. For example: If you are using a holder in which your sample is 25mm in diameter and you are 

starting your run at 10 degrees 2theta, you will want to use the ½ degree divergence slit. 

b. For example: If you are using a holder in which your sample is 25mm in diameter and you are 

starting your run at 20 degrees 2theta, you will want to use the 1 degree divergence slit. 

2) Change the antiscatter slit on the incident beam side (the manual slit) to be twice the size of the 

programmable slits. 
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3) Choose and load the appropriate mask. The 10mm mask is the largest that can be used with the zero 

background holders, but the 15mm (and perhaps the 20mm) mask can be used with the normal holders.  

Step 4: Input the settings 

1) In the ‘Instrument Settings’ tab in the box on the left hand side of the screen in the Data Collector program, 

double click on any of the text to bring up the dialog box. In the X-ray tab in the dialogue box, change the 

current to 40 mA and hit apply. Click ok to get out of that box. 

2) Click on the ‘Incident Beam Optics’ tab. Double click on any of the text to bring up the dialog box. The following 

parts are all in the dialog box: 

a. The Pre-FIX module tab 

i. Make sure it says Prog. Div. Slit + Anti-scatter slit 

b. Divergence slit tab 

i. Make sure it’s labeled programmable, that ‘Fixed’ is selected, and set the aperture to the 

correct size you determined from the chart 

c. Anti-scatter tab 

i. Set it to 2x the divergence slit (and be sure that’s the one you manually loaded in the 

instrument) 

d. Mask tab 

i. Make sure it’s the one you have installed (most likely either the 10 or 15mm) 

e. Mirror tab (only for use with the capillary stage) 

i. None 

f. Beam knife tab 

i. Also set to none 

g. Soller slit tab 

i. 0.04 rad (Always use the 0.04 slits unless you need extremely high resolution for non-

nanoparticle samples) 

h. Filter tab 

i. None, unless you moved the x-ray tube in front of the monochromator and you must use the Ni 

filter, which you probably didn’t if you are reading this… 

i. Beam attenuator tab 

i. Also set to none 

j. Monochromator tab 

i. Set to type: incident beam 1xGe111Cu/Co (for reflection mode) 

Hit Apply, and/or Ok. 

3) Click on the ‘Diffracted Beam Optics’ tab. Same deal as the last group: 

a. Pre-FIX Module tab 

i. X’Celerator 

b. Anti-scatter slit tab 

i. Type = Prog. AS slit. Select the usage to be ‘Fixed’, and set the aperture to be the same size as 

the divergence slit on the incident side 

c. Receiving slit tab 

i. None 

d. Beam attenuation tab 

i. None 

e. Detector tab 
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i. X’Celerator 

ii. Scanning 

iii. K Alpha 1 

iv. 2.122 length 

f. Soller slit tab 

i. Large 0.04 

g. Filter tab 

i. None 

Now is a good time to double check and make sure you have brought the current to 40 mA 

Step 5: Write a program 

You will probably only be interested in 2 types of programs: Absolute Scans and Sample Changer Batch programs. Batch 

programs allow you to run up to 15 samples at once and will turn the current down automatically when the samples are 

finished. Thus, even when running only one sample, batch programs are convenient. To run a batch program, however, 

you must have already written all the Absolute Scan programs you wish to call upon in your batch program.  

1) Writing an absolute scan program: 

a. Click on File/New Program in the bar at the top of the program 

b. Choose Absolute scan as the program type 

c. Set the starting and ending angles  

i. 10 to start and 90 to end are common, but if you know the range of interest for your sample, 

you can tailor the range. In this configuration, the instrument can collect data between 5-150° 

2theta. 

d. Set the step size. There is a trick here… this instrument cannot do 0.02 step sizes. You must tell it what 

detector you are using so it will know the real step sizes available (which are 0.03, 0.016, 0.008, and 

0.003); to do this:   

i. Click on Settings (top right of dialogue box) 

1. Go down to the Diffracted beam path 

a. Click on Detector: actual 

i. Change the setting from Actual[1] to X’Celerator[1]  

1. The Scan mode should be ‘Scanning’ and the active length 

should be 2.122. 

e. While you are in the Settings dialogue box, set the sample to spin: 

i. At the top of the dialogue box, click on Sample stage (or movement) 

1. Select ‘Spinning’ then set the rotation speed.  

a. Set the rotation speed. The speed is in seconds/revolution, so lower=faster. A 

speed of either 16 or 8 should be sufficient. 

f. After setting the detector and the spinning in the settings tab, click ok. NOW set the step size. For 

nanoparticles, 0.016 is a good step size. For non-nano samples, 0.008 is a good step size if you want high 

resolution.  

g. Change either the time per step or the scan speed (they are correlated and so change together) until the 

estimated time for the run is what you want.  A time per step of 100 will take about 1 hr if you are 

scanning from 10-90.  
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i. The speed you need will depend greatly on your sample and your purpose; larger crystals 

containing heavier elements give better signals and so can handle shorter scan times; the 

smaller the particles and the lighter the elements, the longer the scan will need to be.   

ii. If you are just doing quick scans to ID the sample and do not intend to publish the data, scans 

between 10 min and 1 hr should be sufficient. 

iii. For publishable-quality data on non-nano samples, 30 min to 1 hr scans (between 10-90 

degrees) should be sufficient. 

iv. For publishable-quality data on nanoparticles, scans between 10-90 degrees may need around 2 

hrs and possibly up to 4 hrs, but beyond 4 hours is usually not useful. 

v. NOTE: because the x-ray source is Cu, the elements near Cu (Ni, Co, and Fe) have large 

fluorescence backgrounds and typically poor signal to noise ratios.  Increasing scan times to 

around 4 hrs may improve the S/N ratio, but increasing the scan time beyond this is typically not 

helpful. 

h. Close the program and save, or just save by going to File/Save as 

2) Writing a Batch program 

a. Click on File/New Program in the bar at the top of the program 

b. Choose Sample (changer) Batch as the program type, and ‘Sample Spinner’ as the configuration. Push 

ok. 

c. In the dialogue box that opens, click the Insert button 

i. Click ‘Browse’ in the new dialogue box that opens, select Absolute scan as the scan type (if it is 

not already selected) and select the desired absolute scan program. Hit ok. 

ii. Click on the folder button next to the Folder location to find the folder in which you wish to 

store the data. 

1. Data should be stored in D:\UserData\(your group name)\(your name) 

a. You can create this folder if it does not already exist 

iii. Delete the file name prefix if desired 

iv. Enter the position of the sample on the changer tower 

v. Enter the ID for the sample (this will be the filename for the data) 

d. If you are running multiple samples, keep clicking on insert to insert the information for each sample 

you wish to run. If you want all of the data sets to be recorded in the same folder, you can set that 

folder in the File name settings tab (at the bottom of the dialogue box) instead of finding the folder 

individually for each sample. To do this, 

i. Check the box next to ‘Define file names with measurements’ in the File name settings tab 

ii. Click the File Name Settings button 

iii. Check the box next to ‘Use same folder for all measurements’ and click on the folder button to 

find the folder you want. Click ok. 

iv. Click ok.  

e. To make sure the current on the x-ray tube goes back to the rest setting automatically when your run is 

finished, go to the X-ray settings tab, check to box that says ‘set when program is finished’ and select 

‘Set’ with values of 45 kV and 20 mA (the rest settings) 

f. To save your program, click File/Save As (when you name it, putting batch on the end might be helpful 

to distinguish it from the absolute program) 

3) You can modify old programs by clicking File/Open Program and then making the desired changes. You can then 

either save over the old program or save the new program with a different name by clicking File/Save as 
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a. NOTE: The Total time estimate provided when you write the batch program is only accurate the first 

time you write the program; it does not change with any modifications to your program. Make sure you 

know how much time your program will actually take so you can reserve the instrument for the 

appropriate amount f time. 

Step 6: Take the measurement 

Select Measure/Program from the bar at the top of the program. Find the program you want and Hit Ok. The loud click 

you hear is the instrument locking. It is now executing your program and you are free to go (until you have to come 

back, retrieve your samples, and clean the sample holders). 

Step 7: Clean the sample holders. 

After you retrieve your samples from the instrument, dispose of your powder or reclaim it by using your weigh paper to 

funnel it back into your vial or other sample container. Then clean all dirty sample holders, razor blades, and spatulas. To 

clean the holders: 

1) Separate all parts of the holder (the insert, the top, and the bottom of the regular and zero background holders 

should be separated) 

2) Rinse each part off with water, scrubbing mildly with a scrub brush to remove any residual powder. Rinse last 

with distilled water 

3) Dry each part thoroughly before combining the parts and putting them back in the drawer  


