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Pyrochlore Lattice: 

RE2M2O7

Corner sharing RE tetrahedra –

geometric frustration

Pryogermanate Lattice: 

RE2M2O7

𝑃41212
Corner/edge sharing RE triangle spiral

Starting point – study frustration in pyrogermanates

• We want to study 
systems with geometric 
frustration

• We’ll take the 
pyrochlore as a 
starting point and 
study a related 
stoichiometry but with 
a tetragonal structure

• The Pyrogermanates
have an interesting 
spiral triangular RE sub-
lattice
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Evidence of frustration in Ho and Dy pyrogermanates

E. Morosan, et al,. PRB 2008

x. Ke, et al., PRB 2008

Similar frustration 

and spin-ice 

dynamics in 

Dy2Ge2O7 and 

Ho2Ge2O7
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We’ll look for similar behavior in Er2Ge2O7

PRM 3, 014405 (2019)

No evidence of magnetic order above 2 
K, but we expect it from the Dy and Ho 
compounds
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The neutron results we’ll look at

PRM 3, 014405 (2019)
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The solved structure

PRM 3, 014405 (2019)



7

Installing GSAS-II

https://subversion.xray.aps.anl.gov/trac/pyGSAS/wiki/InstallWindows

Detailed 
installation 
instructions

Executable

At: https://subversion.xray.aps.anl.gov/trac/pyGSAS instructions for other installs (including via Anaconda) can be found

https://subversion.xray.aps.anl.gov/trac/pyGSAS/wiki/InstallWindows
https://subversion.xray.aps.anl.gov/trac/pyGSAS
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POWGEN

Before starting your 
refinement:

• Be sure to have

– Data file 

• From HB-2A: file_name.gss

• From P3G: file_name.gsa

– Instrument parameter file

• From HB-2A: file_name_inst_settings.instprm

• From P3G: 
file_name_cycle_inst_settings.instprm

– Crystallographic information file (.cif)

HB-2A
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Starting up GSAS-II

Python window 
(won’t use here)

GSAS-II GUI 
(where we’ll setup the 

data, phase 
information and run 

refinements)

Plotting window
(automatically plots 
based on what you 

do in the GUI) 
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Starting up GSAS-II

Python window 
(won’t use here)

GSAS-II GUI 
(where we’ll setup the 

data, phase 
information and run 

refinements)

Plotting window
(automatically plots 
based on what you 

do in the GUI) 

We’ll start here
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Loading your data
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Loading your data

30 K

2 K

0.5 K
NB: I’ve renamed 
these files for 
convenience. 
Coming straight 
from the 
instrument they’ll 
be named 
‘HB2A_exp###_sc
an00##.gss.
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Loading your data

30 K

2 K

0.5 K
NB: I’ve renamed 
these files for 
convenience. 
Coming straight 
from the 
instrument they’ll 
be named 
‘HB2A_exp###_sc
an00##.gss.
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Loading your data

30 K

Start with 20 K 
to get working 
structural 
refinement 

2 K

0.5 K

We’ll start here
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Loading your data

This window should pop-up
Click ‘Yes’
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Loading your data

100 K

30 K

Start with 100 K 
to get working 
structural 
refinement 

Reads some 
information 
about the 
scan from the 
data file –
good to 
check 

Next pop-up window will 
prompt for an instrument 
parameter file – need to 
change the filetype it is 
expecting to match the 
HB-2A type
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Loading your data

100 K

30 K

Start with 100 K 
to get working 
structural 
refinement 

Reads some 
information 
about the 
scan from the 
data file –
good to 
check 

Next pop-up window will 
prompt for an instrument 
parameter file – need to 
change the filetype it is 
expecting to match the 
POWGEN type Change to 

.instprm
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Loading your data

100 K

30 K

Start with 100 K 
to get working 
structural 
refinement 

Reads some 
information 
about the 
scan from the 
data file –
good to 
check 

Make sure the instprm file is correct for your 
experimental settings – right wavelength and 
collimator settings. For CW generally the 
instrument parameters don’t change from 
cycle to cycle or year to year
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Data loaded
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Excluding regions
Need to exclude this region of the 
data (only do this once sure there will 
be no magnetic peaks there)
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Need to exclude this regions of the 
data – went to low angle 
contaminated by direct beam

Excluding regions

We’ll do so using limits 
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Excluding regions: upper limit

Using the magnifying glass in the plotting window 
we can zoom in, it has a sharp upturn that is not 

from our sample but from the direct beam
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Excluding regions: upper limit

Let’s look compare the 20 K and 1.5 K data to see 
how much we can cut. We don’t want to cut so 

much that we exclude a region which will have a 
magnetic peak at 1.5 K
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Excluding regions: upper limit

Looks like our first magnetic peak is at ~11o 2θ. Let’s 
cut everything below ~8o 2θ then. 
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Excluding regions: lower limit

Let’s change this to 8o
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Excluding regions: lower limit

Let’s change this to 8o

Should see the limit line move
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Excluding regions: Aluminum (can) peaks

For this experiment we used 
an aluminum sample can, 
these have the minimum 
background (less than 
vanadium) but add aluminum 
peaks. These are highly 
textured and are difficult to 
fit. Here we’ll exclude them 
from the pattern 
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Excluding regions: Aluminum (can) peaks

And this to 25000 μs

Zoom in on the first aluminum 
peak (around 62o ) and go to 
Edit Limits -> Add exclude
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Excluding regions: Aluminum (can) peaks

Click OK
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Excluding regions: Aluminum (can) peaks

Click the cursor (make sure to 
deselect the magnifying glass 
if it’s active) then adjust the 
range in the window
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Excluding regions: Aluminum (can) peaks

Click Go ahead and do this 
for the other two aluminum 

peaks
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Excluding regions
Now these peaks should 
have exclusion lines 
around them
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Now we load our phase information (the cif file)

Go to Import –> Phase and click on ‘from CIF file’ 
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Now we load our phase information (the cif file)

Choose ‘ErGeO_distbase’ (should be the only cif in the folder)
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Now we load our phase information (the cif file)

Here it’s just pulling the first lines – which is just not too 
helpful in this case. Click Yes.
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Now we load our phase information (the cif file)

Give it some name which is convenient for you. I’ll use 
‘Er2Ge2O7’
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Now we load our phase information (the cif file)

You need to assign the phase to a histogram. For our use this is just an extra button click but could 
matter if you were using data sets from different measurements. For instance, you wouldn’t need to 
add the magnetic phase to an x-ray histogram in a joint NPD XRD refinement
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Now we load our phase information (the cif file)

Check the histogram and click ‘OK’
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Now we’re getting somewhere…

Now there will be a new set of tabs with the phase 
information and options
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Now we’re getting somewhere…

Unit cell information 
NB: always check to make sure it read the cif correctly
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Now we’re getting somewhere…

Information on the elements – isotope, stoichiometry, 
color, etc. 
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Now we’re getting somewhere…

There are also tabs which contain more detailed information 
about the phase up here for instance, if we click on the atoms 

tab:
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Using the tabs

We get a table of the atoms in the phase. Here you can see the 
atomic positions the site symmetry, multiplicity, displacement 

parameter(s) and a column with the refinement flag.
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Using the tabs

If we click on the refinement box, we get a pull-down list with a 
selection of refinement flags. 
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Using the tabs

If we click on the ‘Draw Atoms’ tab, we  get a new tab in the 
plotting window with an (albeit strange) image of the crystal 

structure
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Visualizing the structure

This can be fixed by selecting all the atoms in the draw atoms 
tab…
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Visualizing the structure

Going to the newly appeared ‘Edit Figure’ option in the tool bar and 
selecting ‘Fill unit cell’

NB: in GSAS-II, the tool bar is adaptive to the active tab
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Visualizing the structure

Now all the atoms in the unit cell show
(I’ve rotated this by clicking and dragging in the window)
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Just a general comment on GSAS-II philosophy

Unlike GSAS or FullProf, GSAS-II has a tree structure. You can 
see there’s now a branching node for the historgram and 

another for the phases as well as some higher-level nodes  with 
global parameters, constraints, refinement statistics, etc
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Let’s start refining 

If you check through the tree and associated tabs you can see 
what is refining (e.g. three background terms, a scale factor). The 
structural parameters are not refining. Let’s try a refinement and 

see what happens. 
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Let’s start refining 

Go to Calculate -> Refine
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Let’s start refining 

Ope, need to save it first (make sure to do so in the same location 
as the rest of the files). I’ll name it Er2Ge2O7_2K. 
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Running a refinement

Should get something like this, which will go through a couple 
cycles…
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Running a refinement

And then it will ask whether you wan to load the refinement results 
– click ‘OK’
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Running a refinement

We can see the peaks are roughly in the right positions, but their 
intensities and the background is off – we need to add more 

background terms and flag some structural parameters to refine 
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Where are our peak indexes?

We can check a little more carefully by looking at the peak 
indexes. Go to the ‘Reflection Lists’ node in the Histogram tree and 

then click the home button on the Powder Patterns tab of our 
plotting window (to zoom out)

There they 
are, they look 
a little off 
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Optimizing the fit – background fitting

Okays let’s start flagging some refinement parameters – starting with adding more 
background terms (I’m going to use 5 HB-2A’s background is fairly isotropic, here we 

are seeing some paramagnetic scattering from Er’s large moment). 
Now refine.
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Optimizing the fit – structural parameters

Looking better, now let’s add the lattice parameters
Go to the phase node and click ‘Refine unit cell’
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Optimizing the fit – instrument parameters

Looking better, now let’s add the ‘zero’ (this is the starting 2θ of the detector bank and is often off a bit)
Go to the Histogram node and flag the Zero parameter under Instrument parameters to refine
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Optimizing the fit – instrument parameters

As you are fitting you should monitor your peaks to see how the model is working and to diagnose what 
might be off 

Here, the intensities are a little off so next we can flag internal parameters 
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Optimizing the fit – internal parameters

Now let’s add the atomic positions and displacement parameters that were in the Atoms tab
NB: This should be done in small groups of atoms usually starting with the highest multiplicity and 

scattering strength to keep the refinement stable
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Optimizing the fit – internal parameters

A little better, let’s add the rest of the positions (we will not refine the Uiso parameters as this is 
very low temperature and we don’t have very high in Q)
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Optimizing the fit

Another modest improvement, lets take a closer look
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Optimizing the fit

Check the ‘Covariance’ node to see typical fit residuals 
(it will also pop-up a plot of the Covariance matrix)

More importantly zoom in on peaks in the Powder Pattern to check fit quality, this looks pretty good. This is good enough for this tutorial 
but note that were this to be your work you should dig deeper (check out the tutorials on the GSAS page)
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Exporting a cif for use at low temperature

Now let’s export this structural data to use in our 0.5 K refinement

Go to Export -> Phase as -> Quick CIF
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Optimizing the fit

Go ahead and save

We are ready to move on to the magnetic refinement now!



Magnetic Refinement

• We’ll start from the 2 K structure we just 
optimized and use it to first fit the 0.5 K 
nuclear structure and then solve the 
magnetic structure
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Starting the low temperature refinement

Start a new GSAS-II project
And load the low temperature data (Er2Ge2O7_op2112_Ge113_0p5K) and 

instrument parameters file as before
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Starting the low temperature refinement

Set the limits as before
(look at all those new peaks!)
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Loading the 20 K structural data

Go to Import -> Phase -> from CIF file (as before)
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Loading the 20 K structural data

Select your 2 K cif file
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Loading the 100 K structural data

Again, give it a name meaningful to you – this time I’ll name it 
Er2Ge2O7_nuc and add it to the histogram (as before)



73

Starting with the nuclear structure

Now we have a nuclear phase which should be pretty close to where it needs to be (not too much 
thermal expansion expected between 2 and 0.5 K) 

Looking at the Powder Pattern we can see a couple new low angle peaks already. If we plot both the 2 K 
and 0.5 K data (using your favorite plotter) we’ll see there are many new peaks. However, before trying to 

solve the magnetic structure let’s try to optimize the nuclear phase a little again (add 4 background 
terms, flag the unit cell, etc but do it one at a time and start with 3 background terms)
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Starting with the nuclear structure

Looks bad but is a starting point – background is a bit off but we have large unfit peaks that it is trying 
to correct for. For us, this is a good enough position to start trying to solve the magnetic structure. 

Our first step will be to use the Unit Cells List in the Histogram Node to try indexing the new peaks using 
integer multiples of the nuclear unit cell. 
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Indexing the new peaks

First go to the Unit Cells Node

This will bring up a series of controls/options. We could put this all in manually, but you 
can also load the information from the nuclear phase. Let’s do the latter. 
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Indexing the new peaks

Click on ‘Cell Index/Refine’ in the toolbar and choose ‘Load Phase’
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Indexing the new peaks

Since we only have one nuclear phase, it will automatically load it. You 
should see a bunch of vertical lines in the powder pattern which 

correspond to peak indices.
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Indexing the new peaks

From here we can play with the lattice parameters and cell symmetry to 
try and index the new peaks. 
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If we are lucky, changing to d-spacing might help us identify this low angle peak – in particular if it can be located at some multiple of a 
lattice parameter

To change the x-axis click on the plot and press ‘t’ on your keyboard. The units should shift to d-space (I’ve done so already in the plot 
above). If you wanted to view it in Q instead you could press ‘q’ on the keyboard. 

Indexing the new peaks
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Indexing the new peaks

Let’s zoom in on that large d-spacing peak. Its at 12.3 Å, very near the c lattice parameter 
as a 001 reflection. This would indicate a k=(000). We can test this:
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Indexing the new peaks

To do so, let’s try playing with larger cells type in a doubled lattice parameter into any of the boxes in the 
Indexing controls window (or type ‘*2’ in the box after the current lattice parameter.) I’ve tried doubling c

above. It doesn’t seem to help much – lets try 2*a. 
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Indexing the new peaks

Maybe gets some of the peaks, but it also adds peaks where we don’t see any. Let’s stick with k=000 for our first try
We could also try changing the space group and breaking some centering symmetries for example. But here since 

out largest d-spacing peak seems to correspond to our c lattice parameter we have a good lead 
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Solving the structure

With a guess of the k-vector we can now use GSAS-II to link to the Bilbao server and run k-SUBGROUPMAG. This will 
provide a list of all the possible magnetic subgroups of our nuclear structure’s space group given our found k-vector. 

First, CHANGE THE UNIT CELL BACK TO THE ORIGINAL PARAMETERS!
Then, Go to ‘Cell Index/Refine’ and click ‘Run k-SUBGROUPMAG’
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Solving the structure

This should open a window allowing you to input one (or several) k-vectors and set some search criteria. 
We’ll put in our k-vector (0, 0, 0) and tell it to test for magnetic Er atoms.  

Since we have no indication otherwise, let’s start with structures that have moments on all Er.
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Solving the structure

A window will pop-up (please heed its request!) click OK. 
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Solving the structure

Some progress windows will show and then (hopefully) a series of possible magnetic subgroups should 
load complete with information on the magnetic space group, the transformation from the nuclear cell, 
etc. You can click through the ‘Try’ column to see how the different symmetries index the peaks. Here, 

first select ‘show Extinct’ and ‘Magnetic’

Note the scroll bar
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Solving the structure

Now we see that all the peaks are indexed even for the first magnetic subgroup. 
Note we select to show extinction here as a work around for the moment. 
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Solving the structure

You can also click on the space group to get a table of the symmetry operations
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Solving the structure

If you scroll around the table you can see the symmetry gets lower the lower down you go. The first four 
magnetic space groups keep the nuclear structure and just ‘prime’ its operations for the magnetic 

structure. Just playing around it looks like these would be good to try
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Solving the structure

Now to actually try some of these out in the refinement we’ll go back to the Er2Ge2O7_nuc 
Node under phases and click on Compute -> Select magnetic/subgroup phase

(You may want to save a backup of this working nuclear refinement at this point!)
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Solving the structure

Let’s try these one by one
Starting with the first option
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Solving the structure

A window will pop-up with the magnetic ions. There is only one symmetry distinct site in this 
case.  

Click Yes.
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Solving the structure

You should get a window prompting you to save the gpx under a new name. This gives you 
a good branch to try and then go back to the original to try a different structure
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Solving the structure

In the tree you will now see a second, magnetic, phase. If you go to the Atoms tab you’ll 
find only 1 atom – the single Er site – now with new columns for the magnetic moment 
components. In this symmetry the magnetic moments are allowed to have moment 

components along all three crystallographic directions. 
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Solving the structure: refining the moments

Let’s flag these for refinement (set the refinement column to M), give them nominal starting 
values (I’ll do Mx, My, Mz = 3,3,-5) and see how it goes we can motivate these choices from 

comparing the relatively intensity of the 001 peak to HK0 peaks.
Also, we should change the atom type to reflect the valence – Er3+
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Solving the structure: refining the moments

Let’s try a refinement
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Solving the structure: refining the moments

This doesn’t look so great, intensity is off but we are also completely missing some peaks. 
Let’s try the second structure



98

Solving the structure: iterating through the structures

Reopen your 0.5 K fit and select the second structure and redo the last couple steps



99

Solving the structure: iterating through the structures

Also not even close, let’s try the third.
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Solving the structure

Go back to your 0.5 K save and try the third structure
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Solving the structure: refining the moments

This one looks quite good
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Solving the structure: checking the fit

If we zoom in on the magnetic peaks, we see agreement in the positions and intensities. This 
might be a possible solution (we should try the final P41212 based structure as well)

I wouldn’t recommend trying the lower symmetry models if you get a good fit with a higher 
symmetry model. Only if you see something indicating you need further symmetry breaking. 
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Solving the structure: checking the fit

Fitting a little more carefully I can get a fit that looks like this – quite nice!
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Visualizing the magnetic structure

To see what this looks like click on the ‘Draw Atoms’ tab for the magnetic phase.
Then use the same trick as before to show all the atoms 
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Visualizing the magnetic structure

That helps!
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Visualizing the magnetic structure

Now the structure looks to have the reported ‘local Ising’ behavior.
We should next go through and kick the moments a bit – see if they go back to these values. Is this a unique 

solution? Do the other models work? Better? But for now, we’ve shown how to get started at least!
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Concluding thoughts

• From here (after checking 
that fourth structure)we can 
export a nice plot of the fit, 
check the moment size, try 
pushing the structure to see 
if it returns to this solution. 

• As you can see, GSASII’s 
linking to k-subgroupmag is 
very nice and makes trying 
solutions very convenient!

• Always good to check your 
structure solution using 
multiple methods


