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Time-of-flight powder diffraction
data from POWGEN Provided files for this tutorial:

http://neutrons.ornl.gov/powgen

» Neutron powder diffraction data (POWGEN)
WL data files measured at 100 K and 9 K with

center dmin dmax BANK “banks” 2 and 4 (structured in XYSIGMA format):
0.533 0.0000 3.5055 1 PG3_20292-2_100K.dat; PG3_20274-2_9K.dat

1.066 0.2760 52582 2 PG3_20292-4_100K.dat; PG3_20275-4_9K.dat

1.333 04142 6.1363 3

2.665 1.1038 10.5165 4
3.731 1.6557 14.0220 5

> Instrument resolution files:
2014A_P3 HR60b4 BtB.irf

2014A_P3_HR60b2_BtB.irf

A= h/mv=ht/mL - t, = const-Ld,,sin6
T, =Z,+Dd, + D.d? > CIF files for crystal structure:

Resolution: Ad/d=[(At/t)2+(AL/L)2 +(AB)?cot20]% CuinG=ci

The peak shape for is a convolution of a
pseudo-Voigt function with a pair of TOF_FullProf.pdf;
back-to-back exponentials: MnCuO2-PRB-2011.pdf

Q(x)=pV(x) ®E(x)= _E: pV(x—t)E(t)dt

» Supporting information:
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http://neutrons.ornl.gov/powgen

Exercise Steps:

I. Visualize the data measured at the two temperatures (100 K and 9 K) , for the two configurations (Bank 2 & 4)
II. Import the known crystal structure/instrument parameters to create a PCR file for a single set of data
(Bank 4 at T = 9 K)
lll. Refine the structural model and the profile parameters
IV. Identify the magnetic reflections and determine the propagation vector (k-search in Winplotr)
V. Perform symmetry analysis to obtained IRs and Basis vectors (using SARAh or Baslreps)
VI. Select a magnetic model and add it as a second phase (magnetic phase) to the existing PCR file
VII. Perform refinement for the magnetic phase
VIII.Display the magnetic structure using FpStudio or Vesta
IX. Adding a second data set (Bank 2) to the refinement (reformatting the PCR file for multiple data sets)
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I. Observe the differences in the data measured at 100 K and 9 K, and using the two instrument configurations
(Bank 2: A_central = 1.066 A, and Bank 4 : A = 2.665 A)
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The 9 K data contains additional Bragg peaks at low Q (large d-spacing or TOF). The data measured using Bank 4 (larger
wavelengths) is more informative with regard to the magnetic scattering .

Note: The crystal structure needs to be well determined before attempting to model the magnetic peaks. This can be done
using the high-Q neutron data ( Bank 2) or from xray diffraction.

Data can be converted from TOF to Q by providing the d1,d2 constants (taken from IRFs files) (e.g. d1= 22559 , d2=3.49)
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[I. Import the known crystal structure/instrument parameters to create a PCR file for a single set of data

(Bank 4 at T = 9 K)

o use “Cif >Pcr” button in EJPCR to import the crystallographic information file CIF (CuMnO2.cif) and create the

FullProf input file (*.PCR)

Crystal structure: C 1 2/m 1

Atom X \ z ocCC.
Cul 2d O 05 05 0.25
Mn 2a O 0 0 0.233

Cu2z 2a O 0 0 0.017
@) 4i 0407 0 0.179 0.5

Note: occ = site multip./general multip. Always
check if this has been correctly calculated after
importing the .cif file.

o in the new window, select the “TOF” tab for
the type of calculations

o use the “Browse” button to upload the
instrument resolution file “IRF” for the bank_4
dataset: 2014A_P3_HR60b4_BtB.irf

Working Directory:  |C:AMnCuO2\
L
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In “General “ tab, you'll see the first option “Refinement
of Powder diffraction” as the default selection
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Cancel

o Open the “Patterns” Tab, and then the
“Data file/ peak shape” and select the
“‘XYSIGMA?” for the data file format
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o Inthe “Patterns” & “Data file/ peak shape” tabs, select the
“‘Refinement/Simulation”, and make sure to select “Neutron-TOF”

o In “Data file/ peak shape” - “Pattern calculation/Peak Shape” tab, —

select the “T.O.F. p-Voigt * B-t-B exponential” for the

peak shape type
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o For the background information, select the “6-coefficients

polynomial function” and the “Origin of the polynomial’” at 60000 (us)
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o Add one excluded region with the scattering range 150000 — 210000,

as no peaks are present in that range
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o Open the “Phases” tab (1) and then click on the “Contribution
to patterns” and select the “current phase contributes to the
“Neutron (TOF)" and “T.O.F. p-Voigt * B-t-B

pattern “ and

exponentials” for the peak shape
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o Open the “Refinement’ tab and then the “Background” and add a

value for the “a_o” coefficient that will give a first flat
approximation for the background (~ 40, read it from the data file)

S
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o One can also increase the number in the “Cycles of refinement”

box, to 5 or higher. This only becomes important when we are

setting some parameters for being refined.
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lll. Refining the structural and profile parameters

In the same “Refinement” window, click on the “Profile” tab and set the number for the “Scale factor” to (use 500 for this

o Run the Fullprof program and select the
“‘“PG3_20275-4_9K.dat “ file for data.

example). Remember to SAVE the PCR file by clicking the “Save” button, every time a change has been made
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Refine a number of parameters (e.g.: scale factor, lattice Rt il | e —
parameters, profile parameters, absorption (abs1), background,

2 theta zero shift) to improve the fit.
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o Run the Fullprof program again to fit the data N TP I . |
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IV. Identify the magnetic reflections and determine the propagation vector (k)

o Open the PFR file (Rietveld plot) with the WINPLOTR-2006 and select the magnetic reflections. Go to “Calculations
— Peak detection — Enable”, followed by “Calculations — Peak detection — Insert peak”

o The “k-search “window will display the input parameters that are
automatically filled up from the pcr file. One may need to revise the k-
range, and to select the box for “search only special k-vectors” if the
structure is believed to be commensurate.

o Select three peaks: at tof ~114600 , 91100 ,
81150 us and save them into the “k-search
format” by doing “Calculations” — “Peak
detection” —"Save peaks”

[ Input parameters for K_SEARCH [
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o The results are showed in a command-line window, or they
can be found in the output file “k_search.kup”

Ny
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a o Asuggested commensurate solution is k = (0.5, 0.5, 0)
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o Edit the PCR file to add a second phase that produces satellite reflection corresponding to the solution k = (0.5, 0.5, 0)
(set the number of phased “Nph” = 2 and create the second phase by Copy/Paste the full information of the first phase)
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t Current_glgbal Chi2 (Bragg contrib.) = 352.9 —
* Files#5 DATSfile: PG3_20275-4 9K.dat, PCR-file: Cutin02 cut Cu 6.86006 6.508000 8. 5‘3”33 0.80086 @.25080 @ 8 @8 0
tJob Nt Nph Nbd Nex Nsc Mor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut 0.00 6.00 0.00 0.00 6.00
- a9 2 8 1 ] 8 8 8 1 8 0 1 Hn1 Hn 0.00008 O0.00000 0.000DO0 O.00000 6.239%900 ] e a a
¢ 6.88 a.@0 6.00 a.8e 6.00
t ResoluTTON file for Patternt 1 Cu2 Cu 0.00008 0.00000 0.00000 O.00000 8.009%96 ] L} 8 ]
2614A_P3_HR6ObA4_BtB.irf 8.88 0.00 8.080 0.08 0.g00
t1pr Ppl Ioc Hat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym Hkl Fou Sho Ana 01 0 0.40730 0.60000 ©.17800 0.00080 B.40791 © 6 @ 0
o 8 1 8 1 B8 % B8 0 3 18 0 8 B B8 B8 B
! - > Profile ga:‘:meter: ggr Patfefs # 1“-““ 9-99
1 BK udt  Iab: for Pattern#t 1 ; .
Goono.008  Bope o p o Pattern + scale Extinc Bou strl str2 str3  Strain-Hodel
fHCY Eps R_at R_an R_pr R gl  TOF-min <Step> TOF-max -01.52 0.0888  0.0000 §.0088 0.00088  ©.0000 ]
5 0.18 1.08 1.80 1.868 1.80 25084 0078 68_8924 203837 .4531 61.080008 0.00 0.00 0.00 8.80 9.68
' H sig-2 sig-1 sig-8 Xt ve z1 20 Size-Hodel
t Excluded regions (LowT HighT) for Pattern#t 1 1 182 .853 10.0888 8.8088 <- Instr. par. + shifts. Only shifts are refined
150000.80  228866.00 64.251 8.888 8.0888 8.0800 6.8088 0.888 8.088 @
! 181.88 8.88 8.08 8.00 8.88 8.88 8.00
11 +Numb £ refined t 1) Gam-2 Gam-1 Gam-8 LStr Lsiz
Y *Hunber of vefined paraneters [ 6.888 37.269 8.888 <~ Instr. par. + shifts. Only shifts are refined
t  Zero_i*SHF  Dtt1_i+SHF  Dtt2 i+SHF  TuoThetaBank {(Dnly shifts are refined) 8.000 26.668 8.000 8.000 6.808
' 18.77222 22559 41797 3.49510 20.06660 8.08 111.08 ‘3 L 8.08 0.08
t  Zero  Code DEE1  Code Dtt2  Code 2ThetaBank -> Patt# 1 4 a b alpha beta gamma #Cell Info
-10.082 21.60 06.000 .00 0.000 0.60 96.008 5.530748 2.883523 5. 89815[‘1 0p.080AAA 184.357735 9Q0.000080
H Background coefficients/codes for Pattern# 1 (Polynonial of 6th degree) 11.808888 71.00088 81.00088 6.80088 91.008088 a.p06088
45.322 16.933 -0.104 6.000 6.000 0.000 e Prefi Pref2 alph# betad alphi betal
. 31.00 i1.08 51.00 .00 0.08 0.00 t Instr. par. + shifts: 0.00086868 0.023414 0.428597 0.872226 <- Only shifts are refined
8.80680008 8.8000808 a.ppa0A0 8.808080 6.000880 8.80680008
t Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1:  15.81
. Braag 8.00 880 8.08 6.08 6.00 6.08
- 6.80000 a.@e 0.00000 6.88 ABS: ABSCOR1 ABSCOR2
tNat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nuk Npr More ¢ Propagation vectors:
4 o p0.66.01.08 © © 0 8 0 366.927 a 9 a 8.5000000 0.5000000 0.0000000 Fropagation Vector 1
t 0.060000 0.000000 0.0000008
! ¢+ 2Th1/TOF1 2Th2/TOF2 Pattern to plot
c12/m1 <--Space group synbol hrnu_'_mm uuuuuuuuu

o Edit the new added phase by changing the “ Irf “to “-1” (“Satellite reflections are generated automatically ..”, and “Nvk” to 1
(number of propagation vectors) . The value of the propagation vector must be added at the end of the phased description (as
highlighted in the picture above). It is given in the form of two lines, describing the three components of k, 0.5 0.5 0.0
and the corresponding refinement codes : 0.0 0.0 0.0 .

o VERY IMPORTANT : the line I"2th1/TOF ... “ giving the range in the PRF plot needs to be at the end %OAK RIDGE
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o Edit the PCR file or, use the EdPcr to fix all the parameters (using “Fix all” button). We do not want the program to perform
a refinement at this point. The “/ Number of refined parameter” must appear as 0.

-¥Eg  1.98  1.89 £3FTH O T 00 .OYLS4 £B(DUY. OO

? Excluded regions {LowT HighT) for Patternft 11

150000.680 220000.80

L]
[ [} *Humber of refined parameters)

O

2833523 | 5838150 | 90.000000]
Zero_1i+SHF DEt1_i+SHF DEt2_i+SHF TwoThetaBank {Only shifts are refined)
18777195 29560 41707 3Thoc1g 00. 000888 FWHM / Shape Parameters _Exponential Decay Parameters | Prefermed Orientation |
Zero Code Dtt1 Code Dtt2 Code 2ThetaBank -»> Patt# 1 i Mt et Figinasd
-18.802 0.80 8.808  ©0.00 9.080  ©.80  90.080 [ 2 [[ sot [ S0 [ =
Background coefficients/codes for Pattern#t 1 (Polynomial of 6th degree) Cocfiierts | CESI N 0.0001 0000 | 0.ouof™ —
45_322 16.933 -6.104 0.080 0.008 0.008 . d
0.08 0.08 0.00 0.00 8.08 0.08 SR E e Carcel |
[ Edting [ Abs1 [ Abs2 [ [ =
Data for PHASE number: 1 ==> Current R_Bragg for Pattern#t 1: 6.88 | Cosficierts_| oo 0000 00007 rJ
Inl
[ 02 [ ] vz [ ] w2 [ ]
H [ Coeficierts [ ] ] ]
tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
4 9 ©BB.00.81.0 © 0 8 0 O 308.927 B8 9 O
1600 [ E
0 5 4 cumo 2. prf ;
> N e E
-E 1000 j—— 3. Vobs—Teal -
§ 1 4. Bragg position
Run the Fullprof program again to ensure there g ™ E
N~ =
1 H 1 400 |
are no errors in the file formatting and check the £ E
. . . 3 100 L N -
calculated profile to see if the satellite peaks 3 E
corresponding to k account for all magnetic ! E
. I E
reflections. E
60000 70000 80000 90000 100000 110000 120000 130000 140000 150000
to.f. (u sec.)

Profile Parameters: Phase 1 Pattern 1

Factors

Scale

| Cocfficierts |

[ ovenal Bfactor
50152 | 0.0000

Cell Parameters

b

: |

alpha

[ ben

[ [ = [
| Cosficients 5.535740] |

|
[ e 35773-5|F |

gamma
90.000000)

%

OAK RIDGE
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V. Perform symmetry analysis to get the IRs and basis vectors using SARAh or Baslreps

File Define Parameters Calculate View Output Files View Basis Vectors Help *Video Help* New Features! O

F Instructions = -

SARAh coRepresentational Analysis
L.5. Wills May 2011

oy

Please reference the use of SARAD as:
L.5. Wills,Physica B 276, 680(2000).
Program available from

. copld.ac.uk

Ho. B
Space group details: fl
HM Symbol [£137m @ ot Sreras
Puint Group [C2n3 - Enter space group number I
and click 'Search' thea 'OK'
i
Hurber Hemanniaughin  Point Group Or
5l A11a Cs=d A Enter space group symbol =
9:c2 Bl1ln C=4 and click 'Search' then 'OK'
903 T1lh csda [0 7| seee | or
105 P12mi € 2h 1 i
e P112m i
11:b P 1 21/ 1 [Fe Onervmeres Cocobre View Ot e e v ectors_bely_odeo el NewFestues! Ik o sen
ite P 1iziew e B [|[FNSoo0k g [ @t | P
¥ o < ) > TolE s
et
e e e
<

Someowa

o Thereis a single IR and 3 BV. Sarah-Refine is used to
create the input for Fullprof in a *pcr file: “sarah12.pcr’

Use Sarah- Representational Analysis to calculate the Irreducible
representation and basis vectors associated with space group #12,
C 2/m, k= (0.5, 0.5, 0), and the magnetic site Mn (0,0,0).

-
§| sarah12.per - Notepad

File Edit Format View Help

INat Dis Mom Prl Pr2 Pr3 Jbt Irf Isy Str Furth
1 0 0000010 1 0-2 0 0 0.00 1

C-1 <--Space grou
| Nsym Cen Laue Ireps N_Bas
1

-1

IAtom Typ Mag Vek X z Biso Occ
| C4 C5 C6 C c8 C9  MagPh
MN1T MMN3 1 0 00000 .00000 .00000 .30000 1.00000 0.000
0.00 0 000 000 000 000

0.000 0.000 0.000 00 0.000 0.0 .00000,

0.00 000 000 000 000 000 0.00
I-------> Profile Parameters for Pattern # 1
I Scale Shapel Bov Swl Suw2  Sur3  Strain-Model
10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0

0.00000 0.00 0.00 0.00 0.00 0.00
! u Vv w X Y GauSiz LorSiz Size-Model
1.08239 -0.23233 025618 0.00000 000000 000000 000000 O
0.00 0.00 0.00 0.00 0.00 0.00 0.00

- oY

~ Almban lhnts  mmsmeean

%(JAK RIDGE | spattarion
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VI. Copy the magnetic phase generated with Sarah into the existing PCR file (replacing the second phase)

tAbsorption correction parameters %
a.80808 8.88 0.0e8e8 a.ae ABS: ABSCOR1 ABSCOR2
L]
* Data for PHASE nunber: 2 == Current R_Bragg for Pattern# A1: 446.18
L]
Magnetic Phase
tHat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
1 A AB.80.81.8 1 g -2 a 8.88 1 I
C
* Hsym Cen Laue Ireps H_Bas o)
-1
O
tAtom Typ Hag Vek X ¥ 2 Biso Occ
H [H ] [HA [H] C7 (H] [HY HagPh
MH1  HHMN3 1 a .BBBBA .0000A .BAGAG .30008 1.0000( 1.088 2.888 3.688
a.ae a.an a.an8 a.an o a.0n8 a.an a.0n8
6.808 ©.000 0.8 0.0 B.800 0.008
0.088 g.8e B.080 a.0e 0.80 g.8e
- > Profile Parameters for Pattern # 1
t Scale Extinc Bou Str1 str2 Str3 Strain-Hodel
581.52 8.888a a.a80848 §.8888 8. 8888 a.8888 a
a.a80888 6.88 a.ae a.ae a.ae a.8e
4 sig-2 s$ig-1 sig-8 his ¥t 21 28 Size-HModel
H 182.853 16.0680 8.888 <- Instr. par. + shifts. Only shifts are refined
64.251 6.868 a.ae8 a.8ea a.8e8 a.8e8 a.gea 8
a.ae a.08 a.88 a.o0a8 a.88 a.88 8.0
H Gan-2 Gam-1 Gam-8 LStr LSiz
H a.088 37.269 8.888 <- Instr. par. + shifts. Only shifts are refined
a.ae8 26.660 a.8e8 a.8e8 a.8ea8
a.ae a.ae a.ae 6.8e a.8e
H a b [ alpha beta gamma #Cell Info
5.539741 2.883523 5._808158 90.000880 104.35773C 00.000088
G.806808 8.680808 8. 80688 8.808008 8.806888 d.0806808
H Prefi Pref2 alpha beta#d alphi beta1
t Instr. par. + shifts: 8.800008 8823414 0428597 8.872226 <- Only shifts are

The section dedicated to the “profile parameters “ of the
magnetic phase should remained unchanged. The scale
factor and lattice parameters have o be the same as for
the nuclear phase. The profile parameters could be
allowed to change after finding a good model.

The c1, c2 and c3 coefficients to the three existing basis
vectors should be initiated to some non-zero values

Run the Fullprof program and observe the calculated
magnetic intensities.

EErT]
pEgE
iEgE
aFET
o

3000

2000

Intensity (arb. units)

1000

TTTTTTTET

50000 60000 70000 80000 90000 100000 110000 120000 130000 140000 150000 160000
Lo.f. (usec.)

%OAK RIDGE | spattarion
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VII. Perform refinement for the magnetic phase {

Atoms Information: Phase 2

{ . Refinement Information =
Ll

Listof Atoms

Nurber of Atorms: s

o use the EAPCR and go to Phase 2 / Atoms for to flag the 3 ' T ) e S o = P

Atom# 1 [Mn [MMN3 [T o [ o

coefficients, C1, C2 and C3 for refinement. Note: when testing || ==
multiple magnetic models it is recommended to keep the the scale
factors and profile parameters fixed. o e s s

Wet FulProf Program 0 L - s Funcions Coeicients

Load EditPCR Mode Run Exit

e —

T o [[ @ [ o [] ™Il o [ o [[ o []
. ] L N 2 A R
e —

=> Conventional Rietwveld R-factors for Pattern: 1 Cancel
=> Rp: 20.5 Rwp: 20.3 Rexp: 1.77 Chi2: 132.

=> Glcbal user-weigthed Chi2 (Bragg contrib.): 158.0 d

= - > Pattern# 1

=> Phase: 1

= Bragg R-factor: 10.25 — — - —

=> RF-factor : 4.780

=> Phase: 2

=> Magnetic R-factor: 19.87

=> Normal end, final calculaticns and writing...

_ o Run the Fullprof program and inspect the quality of the fit
EQ pr for the magnetic peaks.

=> END Date:17/10/201% Time => 00:00:15.087

cveie: chiz: 182.  Pea_50275-4 sx.dst o If the result is satisfactory, the fitting can be improved by

2500 refining the scale factor, lattice parameters, profile
5 Zeeo parameter, background and zero offset. Remember to
C ieee constrain the scale factor and lattice to be the same for
y 2200 ' a both nuclear and magnetic phases.
_ 7502 I‘ll T L T | !
' roCon soioe seios wsion 2aien seles ssbessacesmisson P o The refined moment projections along the three crystal
o axesare:m_a= 1.6(1), m_b= -0.1(1), m_c=1.4 (1) uB
. QAK RIDGE | st




VIII.Display the magnetic structure using FpStudio or Vesta

o to visualize the magnetic structure one can use FpStudio program, which reads the *.fst file, generated automatically by
Fullprof. Note a different *fst file will get created for each phase in the pcr file. To merge the magnetic and the nuclear phases
into a single *fst file, one has to add in the title line for the nuclear phase the code “magph 2”

"B FpStudio Ver-20 — - o .
B Fostudio ver20_ =

File  Crystal Strugs wqpetic structure  Options  Help
0= > (&

Bla)+

¥ LS008 T 2Bay

CuMno21.fst

o use FpStudio to see display the
magnitude of the magnetic
moment for any specific position,
by selecting “Magnetic structure”
“List magnetic moments”

[ Edition of file: CuMnO2Lst - [CAMnCUOZ\CulnO2Lst] 1 o) 5|

File Edit Search

H®q ®

* FILE for FullProf Studio: generated automatically by FullProf
*Title: nuclear magph2
SPACEG € 1 2/n 1

CELL 5.564106  2.896205  5.924113 90.0000 104.3586 90.0000 DISPLAY HULTIPLE
BOX -0.15 1.15 -0.15 1.15  -0.15 1.15

ATOH Cut cu 0.00000 0.50000 0.50000

ATOM 1Nl tn 0.00000 0.00000 0.00000

ATOH Cu2 Cu 000000 0.00000 0.00000

ATOH 01 0 040730 0.00000 0.17890

<

LATTICE G

i 6.50000 0.50000 ©0.00000

SYHH x,y,z

HSYH u,v,uw,0.8
MATOM Hn_1 Hn 0.86000 ©0.88600 0.00808 SCALE 1.0 GROUP
SKP 1 1 1.5341n -0.11016  1.34400 0.00000 0.00000 0.00000 0.00000

¥

Linel Coll NS

(=] B jmon

B Fi-Stucio Magnetic s - [CAMnCuO2\temp.dat]

Lined Col NS

o Alternatively, the magnetic structure could
be visualized using the VESTA program,
which reads the *.mcif file.

ER
£

PChNO®

%OAK RIDGE | spattarion
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IX. Adding a second data set (Bank 2) to the refinement (reformatting the PCR file for multiple data sets)

o Itis recommended to save a copy of your final single bank PCR file before adding the second data set.

T Editor of PCR Files = Py

File Editor Tools Templates Help Exit
N OHY Aa e WREBE R e X

Information

o Open the “Patterns” windows and click on “Add “ tab to add a
second data set. You will see on the information box “Patterns 2/2”
From the “Patterns” window access the “DatFile/Format” tab and
browse to the “PG3_20274-2_9K.dat’ data file. Set the “Format” for
this file as “XYSIGMA “

T, type of job: Rlietveld, Integrated Iniensites,
iated Apneai

[

W

Patterns Information

Infarmation
ATZ

Pattsm: 272 Weight | 1.0000 Data fe/Peal; shape |}
655 0

Background Type

™, Profile Data Information: Pattern 2 [E
|‘ Excluded Regions
I
“ ”
il e . Profe Daa normaton:Patem2. r o “Peak Shape needs 02t Fle Fomat | Reiemen /i ot Coluton/Pesk Shepe
« . Peak Shape
Data Fie / Formet. | Refinement / Simulation | Pattem Calcultizn/Peak Shape | to be Set to th e T O F p-VO'g‘t T6F ovost~ B8 sl -
Data F‘ PG3_20274-2_9K daf > Browse. * B_t_ B expo n e ntl a | » T TITEET
Bt a " 2Theta @ TOF, [momseconds] € Eneigy (kev)
 D1A/D28 (0l Format)  ( Free Format (2thetal, step, 2Theta) € Variable Time 1ay Data A
ange
© DA/D2B/3T2/642  © Twodais Instument, G41 5 RY.SIGMA [YDATA) i 0000 TR o 1500000 Stem 0]
€ D18 [0ld Format)  GSAS Fomat £ XCelerstor (PAN altical R t th t h i
0] epea e siteps shown In Renge fcalelaion & s lleclion s f FHM: [ 55000

© DiB/D? " Sooabin Software £ 1818 mulibank namaized

P ® S B pages 8_ 1 1 for th e fl rst dataset Incident beam angle at sample surface [ 0,000

© DMCHRPD (P51 Sprchroton [DBWS Seftware)

Cancel

o For the background information, select the “6-coefficients
polynomial function” and the “Origin of the polynomial” at 40000, sz W00 Dt ek e

for the “Excl jion” input th to 14 ) e
and for the “Excluded region” one can input the 6800 to 14000 range 0 w0 51 5 4IM

o In “Geometry IRF” select the “T.O.F. p-Voigt * B-t-B exponentials” \ R [——
and set the IRF file to “20714A_P3_HR60b2_BtB.irf’ oo et [ —_—
o ! Save the PCR after making the above changes. T ot | s |

k Region 1 [6800.00 114000.00 | oK | h SPALLATION
| e K RIDGE NEUTRON
- _Concel | mnal Laboratory | SOURCE




o Before moving to the next step, use the arrow in “Patterns information” to
move back to the Pattern 1 and add to the Data file” section the name of the
file for this first pattern: “PG3_20275-4_9K.dat’ . This is needed because in
the previous PCR file that was formatted for the single — dataset, the name of
the data file was not required. When using multiple data sets, the file name

for each data is needed.

o The PCR file contains now two phases and two
patterns. Open the “Phases” window and navigate
between different phases by using the “next” or
“previous” buttons. For each phase (nuclear and
magnetic) one needs to select both patterns. Select for
the Pattern 2 the correct data format (TOF) and the peak
shape function.

Pattems Information

Information

Pallen 12

4 4 = X » M

sl Provieus _ Add Del [ Last

S A (e | |

Backgiound Type
Evcluded Regon:

Geoneny/RF |

. Profile Dats Information: Pattern 1

DaiaFile / Farmat | Refinemert / Simuiation | Patter Caleulation/Peak Shape |

DataFie:  [PG3_202754_9K dat Brovwse,
Farnat
© DIA/DZ (O Famat)  © Fres Fomat (Zhetal, step, 2ThetsF]  © Vaniskls Tima X1y Data
© D1A/DZB/IT2/G42 " Two Axis Instrument, G41 & R SIGMA [XYDATA)
€ D18 (Ol Format) " GSAS Fomat 7 Welerstor PAN slylical
 D18/020 " Socabim Software 1515 mukibank nomakeed
© baD20L " Synchecton (Brockhaven)
 DMCHRFD (P.51) " Syncheoton [DBWS Soltware)
TR S
L vl 222 B oL, I
U % B0 " @) %
" Meution (Constant W avelength] o P ton - Constant ' avelength] o
ifomstion
Mu nd Magnetic
3 ol T.0F) tegrated Intensites. General
& Meution (T.0.F)
Nuclear and Magnetic L o -
ing fact
jions (JBT], ATZ,
= | imetry,

Factors, acoess to
ard prafilz]

g. deleling.

[furomatically generated from the Space Group symbel

nt: [ 0.0000

Global weigh! of the integrated intensiy data vs profie data 0.0000

Factorfor excluding reflections | | < Factor * Sigmafl] [ aoom
| Weights are divided by reduced Chi2 of precedent cycle 0.0000

anirol of parameters for peak. averlap, rejscted reflections for cunent phase

Hext Last B2 [Phases: 2 [19/5/2016 164910

Constraints

Box/Restraints

Output
IS

%OAK RIDGE | spattarion
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(6]

In the “Refinement” window , one should see that there are two patterns and
two phases. One has to be careful to go over all combinations Pattern # - Phase
# and revise/initialize all the parameters properly. Understanding the PCR file
and being able to directly edit the PCR input is a big advantage at this point.

!'It is useful to fix all the parameters that were refined for a single pattern before
starting a new refinement on a multi-pattern setting. If some of the newly
introduced profile parameters were not properly initialize that may cause other
refined parameters to diverge.

! It is also important to understand which parameters should PPN Y: B 1Y 0 [ T EEE
be constrained to be equal for the two patterns and which Free ‘ ‘
should not. For instance, the lattice parameters have to be ECTCICTIES T o

the same in all phases/patterns but the profile parameters are e e e e ~N
not. The scale factors will be the same for the two phases but T %,5523;““;*0;;” :‘;;:0" "3 ;,05 ogggg
different for the two patterns. Background parameters should Wil 3l jfﬁgg - mgc;f par. + shircs. omlyZ3nires Sre refingd

be different for each pattern, etc. DOER TI SR S Sl omy anires are rerines

o Zf:l’l’u f;Zleo o e iy B e e an o o a
Open the PCR file in text mode and find the sections corresponding 7? 3(3%553 o s s y
to the profile parameters for Pattern 2, for each of the existing = o i e Sy :§f§°‘“ ;fjj:fjow <
phase. You can see that the scale factor and the lattice Tl THE, TOR,OE OB . B
parameters were not initialized yet. The easiest way is to e M . ;h,-ii‘_’ sﬁ,-?fs
copy/paste that “profile section from the pattern 1 to the pattern 2, X ""6338 %32: °b§80 -
keeping in mind that the scale factor is will converge to a different s, ot 94

0. 000000 0:000000 0.000000 0.000000 0.000000 0.000000
0.00 0.00 0.00 0.00 0.00 0.00

value after the refinement.

1Absorption correction parameters

nnnnn 22 B P P Tt L T VL U T NEUTRON
Nt




o The PCR file must look like in the screen caption, shown in the right:
It should to contain two datasets and two Irf files. All parameters should be
fixed for the first refinement (see: “0O ! Number of refined parameters”.

o By running the refinement, you
will notice that there is no
popup dialog window asking
about the data file. The
program will automatically use
the two data files you selected.
Each dataset will produce a
separate PREF file (Rietveld
profile files).

o The PRF profile plots for bank 4
and bank 2 data, obtained without
fitting any parameters, should
look like here:

PG3_20275-4_SK.dat

Intensity (arb. units)

5000

4000

3000

2000

1000

T T T T

E}

{htd
WWWMNNM’\HHH\“‘\\ | | :

et I 2

T TTT

20000 40000 60000 80000 100000 120000 140000
o.f

S (psec.)

160000

NPATT 2

W_PAT  0.500 0.500

!Nph Dum Ias Nre Cry Opt Aut
2 0 0 0 0 0 1

!Job Npr Nba Nex Nsc Nor Iwg ITo Res Ste Uni Cor Anm Int
-1 9 0 1 0 0 [} 0 5 0 1 [} 0
-1 9 0 1 0 0 0 0 5 0 1 0 0 0
1

'File names of data(patterns) files
PG3_20275-4_9K.dat
P63 20274-2_9K. dat

! Resolution file for Pattern# 1

2014A_P3_HR60b4_BTB. irf

! Resolution file for pattern# 2

2014A_P3_HRE60b2_gtB.irf

IMat Pcr NLI Rpa sym sho
o 1 0 0 0 0

'Ipr Ppl Ioc Ls1 Ls2 Ls3 Prf Ins Hk1 Fou Ana
0 0 1 o 4 0 3 10 0 0 0 !-> patt#: 1
0 0 1 0 0 0 3 10 0 0 0 !-> Patt#: 2

! Bkpos wdt Iabscor for Pattern# 1
60000. 000 8.00
! Bkpos wdt

Iabscor for pattern# 2

40000. 000 8.00 2
INCY Eps R_at R_an R_pr R_gl

5 0.10 1.00 1.00 1.00 100
! TOF-min <Step> F-max -> Patt#: 1

25984.0078 68.8924 207600 0000
! TOF-min <Step> max -> Patt#: 2

6775.0000 5.0000 104000 0000
! excluded regions (LowT HighT) for Pattern# 1
150000. 00 220000.00

1

1

I

! Excluded regions (LowT HighT) for Pattern# 2

6800. 00 .

'

1

1

9000. 00
0 !Number of refined parameters
H
4000 T T ]
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We can start at this point refining different profile and structural parameters to improve the fit. For starting, one can vary
the background coefficients for pattern 2, lattice parameters (those have to be the same for all patterns & phases), Scale
factor (remember that the scale for nuclear and magnetic phases have to be equal, but not the same for different

patterns), profile (Sig_2 & Gam_1)

refining background
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o Once we have a good control on the refinement and more experimental data at higher Q, from adding the pattern 2, we can
also refine the structure parameters (atom positions, thermal parameters, occupancy) and the magnitude of the moments.
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