
ORNL is managed by UT-Battelle 

for the US Department of Energy

FullProf tutorial on crystal 
structure and commensurate 
magnetic structure 

Qiang Zhang

Neutron Scattering Division, ORNL

Scattering Division, ORNL

POWGEN workshop “Getting the Most from Your 
POWGEN Data”, June 15-17, 2023



CrSbSe3

• Orthorhombic structure: Pnma (No. 62)

a= 9.143086,   b= 3.784552,  c=13.416915;
 

• Octahedra CrSe6;

Cr
Sb

Se

• Magnetic transition 75 K:  

Files provided for this tutorial

➢ Time-of-flight diffraction data at POWGEN:
    PG3_42702-2_300K.dat

    PG3_42704-2_10K.dat

➢ Instrumental resolution file:  
PG2018B_HighRes_60Hz_b2_Ddep.irf

➢  cif file for crystal structure

     CrSbSe3.cif

➢ Final PCR files

   PG3_42702-2_300K.pcr

   PG3_42704-2_10K.pcr (representation analysis)

   

➢ Supporting information 
  

FullProf_CM.PDF (step-by-step instructions)

  



TOF profile has Convolution of back-to-back exponentials with pseudo-Voigt (a linear combination 

of Gaussian and Lorentzian)

6 refinable parameters: position, intensity, a, b, s and g Position: 

 
TOF(microseconds) = Zero + Dtt1 * D + Dtt2 * D^2 + Dtt_1overD)/D

Exponentials: Alpha largely affects the sharpness of the leading TOF edge of each peak; larger values mean 

sharper front edges. Beta terms affect the trailing TOF edge in the same way. 

𝛼 = 𝛼0 +
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Gaussian and Lorentzian width: Sig terms affect the Gaussian shape component of the peak profiles; larger values 

result in broader peaks. The coefficients describe the sig and Gamma values as follows:
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POWGEN Peak Profile

➢ All these coefficients marked as green were implemented in the 2021 versions of FullProf by Juan rodriguez-Carvajal 

recently.

➢ In other TOF instruments and previous versions of FullProf, there lack Dtt_1overD, 𝛽𝑞 and 𝜎𝑞.

It is important to understand the peak profile function at POWGEN. It is very complicated and is the convolution of 

𝜎𝑞d   GSASII used



Formats of the instrumental resolution files 

Traditional Instrumental resolution files for old version 
FullProf 

(2011 B- 2021 A cycle)

New Instrumental resolution files for new version FullProf 
 (2021 B cycle-future)

Provides d-dependent numerical coefficients for new 

2021 versions of FullProf (used in this tutorial)

Allows a more accurate determination of instrumental 

resolution. 

Listed the global coefficients without

Dtt_1overD, 𝛽𝑞 and 𝜎𝑞 for old version FullProf.

BB Exponentials 

Gaussian function

Lorentzian function

TOF to D 

TOF region and step

TOF region and step

TOF to D 

numerical coefficients

Correspondingly, we provided two types of instrumental resolution files at POWGEN. From 2011 to 2021 A cycle, we used



➢ New 2021 versions of FullProf and IRFs improved the refinement quality
 
➢ Old PCRs can be read automatically by the new 2021 versions of FullProf and converted to the new format PCR 

files 

    Recommend using the new version FullProf to refine POWGEN data for getting an improved refinement on the 
peakshape
 . 

Same Si 
data at 

POWGEN

2021 versions of FullProf and new IRFsOld versions of FullProf and old IRFs until 2020 

Comparison of the refinement quality using old and 2021 versions of FullProf and IRFs



Exercise steps

I. Import the cif file and create a PCR file for a single datafile at 300 K (T>Tm);

II. Refine the data to get accurate structural parameters including the lattice constants, 

atomic positions, temperature factors and peak profile parameters at 300 K; 

III. Save the PCR file at 300 K as a new PCR to refine the structural parameters at 10 K 

(T<Tm). 

IV. Identify magnetic peaks/contributions and determine the propagation vector.  

V. Symmetry analysis to obtain irreducible representations and Basic vectors using SARAh. 

VI. Select a magnetic model and add it as the 2nd phase in the PCR.

VII. Refine the magnetic phase to obtain the magnetic structure and ordered moment.

VIII.Display the magnetic structure using FpStudio and Vesta. 

This tutorial will be divided into 8 exercise steps. 



I. Import the cif file and create a PCR file for a single datafile at 300 K (T>Tm)

Important: check occ=
site multip/general multip
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II. Refine the data to get accurate structural parameters at 300 K 
General tab Pattern-Datafile/Peak shape tab
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Phase-tabPattern-Geometry/IRF tab
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Use Winplotr to get the BG of the data
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Refinement tab
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Refinement-Profile tab
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Add the refinement on the peak profile coefficients Gam_2, Gam_1, and Gam_0
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Refinement-Atoms tab (to refine atomic positions and temperature factors B)

1

2

4

3

5



III. Save the PCR file at 300 K as a new PCR to refine the structural parameters at 10 K (T<Tm). 

Use Winplotr to get the BG for PG3_42704-2_10K.dat

 (see slide 12-13)
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Use the  BG for PG3_42704-2_10K.dat
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The B factors at 10 K are lower than those at 300 K as expected

Refinement-Profile tab: unselect scale factor, Gam_2, Gam_1 and Gam_0 to refine lattice 
constants, the atomic positions and B factors
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III. Identify magnetic peaks/contributions and determine the propagation vector 

k=0!
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IV. Symmetry analysis to obtain irreducible representations and Basic vectors 
using SARAh

a). Use SARAh webRefine – FullProf: 
 
   http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/
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The generated PCR with the same name has been downloaded!

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/


b): Use two softwares:
Fill in space group, K-vector and Atoms in SARAh-Representational Analysis

8 Irs in total

1

2

3

4

5

8

6

7

9

10

Magnetic space group



ATOM  1: (.15721, .25, .04469)

ATOM  2: (.34279, .75, .54469)

ATOM  3: (.84279, .75, .95531)

ATOM  4: (.65721, .25, .45531)

Between atom1 and 2 (or atom 3 and 4):

Component along a is FM (related to C1);
Component along c is AFM (related to C2)；  

Select a magnetic model and add it as the 2nd phase in the PCR
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Generate PCR of  Γ3 using SARAh refine. Γ3 : moment in the ac plane 
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Basic vectors 

Q: Is the magnetic structure of 
CrSbSe3 FM along a axis or 
AFM along c aixs or canted 

AFM order?



Fix all the structural parameters and initialize nonzero C1 and C2 
coefficients to the two basic vectors 

Two reasons why the small AFM coefficient C2 should be zero: 

1). The refinement quality is similar using small C2 or zero C2;

2). The nonzero AFM coefficient C2 produces pure magnetic peak (100). The POWGN data shows there is no 

detectable (100) intensity, indicating that C2 should be zero. 

 

Fix all the parameters and only initialize nonzero C1  to the
 first basic vector only

(1
0

0
) 

(1
0
0
) 



The fitting can be further improved by refining the scale factor, lattice parameters, profile parameters. Remember to constrain 

all of them to be the same for both nuclear and magnetic phases.

Modify PCR directly Final refinement result:

Moment size:

𝑚𝑗 = σ
𝑣,𝑘

𝑆𝑣
𝑘 𝑒−2π𝑖𝑘∙𝑅𝑖𝑗 = σ
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=1.39*2=2.78(5) µB



VIII. Display the magnetic structure using FpStudio or Vesta. 
FpStudio

Combine two fst files

Combined fst file

Cr
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Vesta to open *.mcif file 

One may modify all these tabs to improve the figure
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Please remember to report the magnetic space group:



POWGEN workshop “Getting the Most from Your POWGEN Data”, June 15-17, 2023

 FullProf tutorial on crystal structure and commensurate magnetic structure 

 Please contact me if you have any question or comments. Thanks! 

zhangq6@ornl.gov
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