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Orthorhombic structure®nma(No. 62)
a=9.143086, b= 3.784552A, c=13.41691A

Time-of-flight diffraction data at POWGEN:
PG3 42702 300K.dat (Paramagnetic phase @ 300 K)
PG3 42704 10K.dat (Magnetically ordered phase @ 10 K)

Instrumental resolution file:
PG2018B HighRes 60Hz_b2 Ddep.irf

Crystal Information File for crystal structure:
CrSbSe3.cif

Mag2Pol version used.0.4
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. . . . . ¥ Mag2pol - m] X
Running the Mag2Pol application, the main window
0 M &Ryo Wilbopen By default,theinterfacemaylook Y] (g A e 28 LB D R A i ¥
slightly different You canmodify this underthe menu - ~| Box = (0005 - (10015 b: (0001 (1015 c: (0001 (100F] (1) poman: 115 phases 1
, g . y ~ y il el 00000011 0.000008 8 0.00000 View along: custom ~ Rotationaxis: 0 | 0 1 direct (2 Step(®): 5 < A/[0) 0> > Zoom: 0
OVI ewoO a= 90.000 B= 90.000 y= 90.000
Number of symmetry operators: 1~ Number of irreps: 1 =
This window shouldremainopenas long as any other : ! : ‘ ' i I
10X By B} [Zlu Elv Clw (Z) 0.000

Mag2Pol utility or window is running The current
version of Mag2Pol will not save the project
automatically,so make sureto saveany projectbefore

closingthiswindow
Atoms
Number of sites: 1 =
Atom X y z B occ plot color R S
1 0.00000 0.00000 0.00000 0.000 1.000 ] |} 10 1.0
Spins
Propagation vector: g = 0.000 0.000 0.000 +q#q
Spin Rx Ry Rz x Iy Iz [}




ag2Pol

F Generate

Number of symmetry operators: 1 =

ucture Fit Geo Y,  Formfactors Tools View elp ’
Symmetry @ ® p— ~ ~
Box: a: 0.00 - 1.00 — b: 0.00W - 1.00 ¢ 0.00 - 1.00 "l Domain: 1~ Phase: 1°
II: a= 0.00000 b= 0.00000 c= 0.00000 — ~
Sl R 0.000008 View along: custom  Rotationaxisf] 0 0 1 diret (2 Step(®): 5 < 4 () of{> zoom: 0 -

a= 90.000 B= 90.000 y= 90.000

Number of irreps: 1 =

X y z u v w b

Cllv Cllw (Z). 0.000

Open Loadastructurefile (cif) or anexistingMag2Pol project(xml).

Saveas SaveanewMag2Pol project(as*.xml).

Save Appendthecurrentlyworking projectwith thesamename

Bonds Opensa new window that is used to modify the visuals of the
structuralmodel[active after loading the structurefile, if it is not active even
afterloadingthecif file, pressCtrl+U (on Windows)r Cmd+U (on Mac)].

Irreducible representations Opensa new window that providesdetails of
irreps and lets you selectone or moreirreps for the refinementof magnetic
structure(activewhenat leastonemagnetidon is defined)

Sample info: Opensa new window that provides details of, lattice and
magneticstructuresandtheresultsof thelastrefinements

Spacegrouptables Opensa window on which you canselectmagneticspace
group(Shubnikovgroup)insteadof irreps,to refinethemagneticstructure

Fit: Opensthe window where you can choosethe datafile, and instrument
resolutionfile, andperformtherefinements

Settings Opensa new window thatlets you modify a few importantsettings
aboutGUI, a graphicalrenderingof plots andfigures,andalsotherefinement
procedure

Manual: Opensvlag2Pol manualin pdf format
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A Mag2pol = (m] X

The structurefile (*.cif, *.mcif) or existing T 0. ) ) ] S, { ' & @ B %2 &

MagZ2Pol project file (*.xml) canbe loadedby — -

. . .. ey Box;a: 0.00 - 1.00  b: 0.00 © - 1.00 © ¢ 0.00 - - 1.00 © | Domain: 1 - Phase: 1=
CIICkIng thIS Icon or through the menu tree Lrsialy Cell: 2 = 9'1460[):: 3.78510/c = (13.4240 View along: custom(Z] Rotationaxiss 0 0 1 direct [2/Step(®): 5 < (0] 0> > Zoom: 0
FI|€A Open Pnma a=90.000 B= 90.000 y= 90.000

Number of symmetry operators: 1 ~  Number of irreps: 1
If thestructurefile is loadedproperly,several
sectionsin the main window are populate

In thiscase CrShSes.cif 1 x : Gy V @z z @y : Clv : Ow : I:o.zoo‘

automatically

|
Atoms
umber of sites: 5
Atom x y z B occ plot color R H . s b
L | Sb 0.02950 0.25000 0.65786 1.000 = 1.000 ® o 10 1.0
Cr 0.15490 0.25000 0.04460 1.000 = 1.000 = () ® 10 10 .Cr
B | Se 0.17180 0.25000 0.48450 1.000 = 1.000 v o 10 1.0 oD @ P
Se 0.28480 0.25000 0.21280 1.000 = 1.000 9 =] 10 1.0 ose
5 Se  0.50190 0.25000 0.60870 1.000 1.000 9 ® 10 10 @ o @ >0
b
I
Spins a
Propagation vector: ¢ = 0.000 0.000 0.000 +q#-q
Spin Rx Ry Rz Ix Iy Iz 9




Click on Bondsicon,anewwindow6 B o mrdigz o | y hwll popaud You candefineandeditthebondsandpolyhedralof thegraphichere If theBondsiconis

inactiveevenafterloadingthestructurefile it canbe activatedby pressingey boardshortcut, Ctrl+U (on Windows)or Cmd+U (on Mac).

) Mag2pol

Space group Cell: a= 9.14600 b= 3.78510 c= 13.4240
Pnma a= 90.000 B=90.000 y= 90.000

Number of symmetry operators: 1 - Number of irreps: 1 -

X y z u v w @
1|x @ly Bz “lu v w 2)|0.000
Atoms
Number of sites: 5 °
Atom X y z B occ plot color R S
1 /Sb 0.02950 0.25000 0.65786 1.000 = 1.000 J) ® 15 1.0
2/ |Cr 0.15490 0.25000 0.04460 1.000 = 1.000 /) ® 14 10
3 |Se 0.17180 0.25000 0.48450 1.000 = 1.000 V) @ 8 1.0
4 |Se 0.28480 0.25000 0.21280 1.000 = 1.000 v) - 8 1.0
5 |Se 0.50190 0.25000 0.60870 1.000 = 1.000 V) & 8| |1.0

Box: a: 0.00 - -

View along: custom =

1.00 °

Rotation axis: 0

This sectioncanbe usedto plot/hideaspecific |,

atom, modify color of an atom, changethe . I

radius(R) andto changehelengthof spin(S)
(if amagneticvectoris plotted)

b: 0.00 © - 1.00 °

0

1 direct

c: 0.00 T -TTO0-.
* Step(®): 5

)4

_ Phase: 1°

o

f Bonds and polyhedra

Bonds
1 © Number of bonds

Atom1 Atom2 dminA dmaxA  add style Color 1 Color2 alpha radius show
1 |CR [ZJSE [£)0.10 ©1 3.00 °| 1) Gradient £ @ 8 Q 0.06 ©
Polyhedra
Atom 1 Atom 2 polyhedra face color alpha min.d A edge color alpha radius
1 /(R |SE [faceColor1,edgeColor2 (2] @ ) | 030> @ (O 0.01 -

Apply = OK Cancel

Onceyou are satisfiedwith the structureplot, you
can export it as *.png following the menu

FileA Export#y Graphic

It is alsopossibleto exportthe graphicas*.cif and

*.mcif (in thecaseof magneticstructure)
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To |l oad the experimental data we need to open t he thékietydb ova rndiCubidg rbtyc wc
P Mag2pol
File Generate Structure | Help
i s 7 Ao 3 € 00 B.6REIS S & T 4
Box: a: 0.00 % - 1.00 © b: 000 © - 100 % c: 0.00 - 1.00 - Within the 6 F winddw, you can load the data, load the
Space group Cell: a= 9.14600 b = 3.78510 c = 13.4240 Viewalong: |custom @) Rotation'axis:| 0 ][ 0 ][ 1 . . . . . .
Pnma a= 90000 B= 90.000 y= 90.000 instrumentresolutionfile, andperformLe Bail Profile fit or
Number of symmetry operators: 1 - Number of irreps: 1 Rletveldreflnement
X y z u v w )
1% Bly @z Blu Qv Elw [Z) 0.000
S
? X
(Dato | Moments | Domains | Constraints | Fit
Polarization data
Atoms
Number of sites: 5 =
Atom X y z B occ plot color R S
1 /Sb 0.02950 0.25000 0.65786 1.000 = 1.000 © ® 15 10
2 |Cr 0.15490 0.25000 0.04460 1.000 = 1.000 @ ® 14 10 Load * fii Load *.int Load Numors
3 |Se 0.17180 0.25000 0.48450 1.000 = 1.000 @ @ 8 1.0
4 Se 0.28480 0.25000 0.21280 1.000 = 1.000 @) 8] 8 1.0
5 Se 0.50190 0.25000 0.60870 1.000 @ 1.000 © @ 8| |10
View data Save data
Integrated intensities Powder patterns
Soie Load *.int Load *.col/*.fsq/*.sf/*.bra Load pattern Mag2Pol format ()
Propagation vector: g = 0.000 0.000 0.000 +q#-q
Spin Rx Ry Rz )23 y [
View data Save data View data Save data
-
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The datacanbe loadedunderthe 6 D atabeofdthe 6 F wihdow Mag2Pol canacceptthreekinds of datasets In this example,we will startwith 6 P o wdilffeaction
d a of&CBbSeg collectedat 300K (Paramagnetiphase) Follow the order indicated below.

A Fit ? X

.Data Atoms Moments Domains Constraints Patterns Fit

We areundertheé D ataba 6

Polarization data

Load * fli Load *.int Load Numors

View data Save data

Powder patterns

Indecrates Click on6 L omat taedrsaledtthe ) Selectthe data format
datafile whenprompted In thiscase .L“dpa“‘"" LR 6 ¥ Sigma(Ins10) 6

Load %t Load " -PG3 427022 30K .dat

PG3_42702-2_300K.dat (weight = 1)

View data Save data [/) Refine nuclear structure Purely magnetic scattering

Activate 6 R e fnucleags t r U C tewbhel €addata
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Underthed At otabghieckif all theatomsareloadedproperlyandtheoccupanciesominallyfollow thechemicalformula Do notselectanyof theseparameterfor
refinementat this stage

B We areunderthed At otabs 6 B
Data Moments Domains Constraints Patterns Fit
Atom X y z B occ Scale factor and A/2:  1.00000 0.00000
Al SB0.02950 | 0.25000  0.65786 1.000 1.000 Extinction parameters:
A2 CR 0.15490 | 0.25000 ' 0.04460 1.000 1.000 (" anisotropic (= ShelX-like model
A3 SE 0.17180 | 0.25000 = ' 0.48450 1.000 1.000 Xi1 Xi2 Xi3
a4 SE0.28480 | 0.25000  0.21280 1.000 1.000 0.00000 0.00000 0.00000
As SE 0.50190 | 0.25000  0.60870 |  1.000 1.000 o.ooc))‘;cz) 0.00’8’30
X3
0.00000
Becker-Coppens model
o 0.000
Bp: 0.000 Lorentzian

11



Underthe6 P at ttabr n s { Right-click onthetexté G e o mantfollgwéthe menuitems
asshownin the screenshoto loadthe appropriatarf file for

[ Fit
, e e e . e the experlmental dataset (data pank) In this case
R . PG2018_ HighRes 60Hz b2 Ddepirf
PG3_42702-2.2) )\ D 0 [ i [ X | [F]] TOFpn = 14300.2 TOFpe= 2931225 Yy = -204 Yom= 647 Geome insin, - - - —
- urce:  Constrain wavelength » oSS »
26 = 90.00 FRM Il ’
— Selectneutronasthe6 Souf ce 0 oLt
600 (X2 = nan Background custom | load IRF N
26 counts TOFmin re\.ea a IF_XF
edit profile table
500 | save IRF
400
Time of flight
Z, = 0.000 D, = 10000.00 ~ D,= 0.000
3001 D:= 0.000
-'2 Scaling
§ 200} scale: 1.000000000 B, = 0.000  R= 0.00
Phase
100} phase 1(2) [ nudear magnetic
Cell
a= 9.14600 b= 3.78510 €= 13.4240(
0 a = 90.0000( B = 90.0000( y = [90.0000¢
g. = | 0.00000 g, = 0.00000 g. = | 0.00000
-100 Profile
nuclear: Gaussian n= 0.00
magnetic: Gaussian An, = 0.00
-200 s s . - u= 1.508 v= -0.283 w= 0.091
45000 90000 225000 270000 Au, = | 0.000 Av, = 0.000 Aw, = 0.000
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Togglethe legendON/OFF

A Fit B 53
Data Atoms Moments Domains Constraints Fit
PG3_42702-22) /() 0 (0 [ [i] ] [F] TOFwe= 143002 TOFpe= 2931225 Yoo = 204 You= 647 Geometry
- Source: neutron (2]
20; = 90.00
600f (x2 = 717.75 ~ observed Background Excluded regions
o caICUIated 28 counts TOFmin TOFmax
so0l — difference
' nuc. peak position
| mag. peak position
400}
Time of flight - - -
az,- o000 o Adjust the valueof the 0 s c fadtoe sbthat
. 300 4D, =(_0.000 the intensities of the calculated pattern
< Scalin —{ roughly match thoseof observeddata.
o 200¢t scale: 15.00000000 ()
Q
Phase Also, selectit for refinement, by ticking the
phase 1(2] () nuclear -
1001 - button in front of the scalefactor value.
a= 9.14600 b= 3.78510 c= 13.42400
0 a = 90.0000( B = 90.0000( y = 90.0000(C
a, = 0.00000 q,= 200000 g —_ 000000

Make surethe peakfunction is: PV * B2B exponential(Tof1)
rvresee | If the irf file is loaded properly this should be updated

| . . | | | soe 90010 ol automatically. If not chooset manually.
45000 90000 135000 180000 225000 270000 B [0000]0 v [0000 10 M 0000 ‘

-200

TOF (ps) A —  nnnn A — | nnnn Av — | nnnn
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Toggletheb e x c Ir ledye @N\n s 6

[ Fit ? X
Data Atoms Moments Domains Constraints Fit
PG3_42702-2.[2] ) \6\ & |@||H| 5= \T_l [¥] TOFmn= 14300.2 TOFpe = 293122.5 Yun = -204 Yoo = 647 Geometry
; y o Source: neutron (=]
Toggle the 6 e xcljud 28, = | 90.00
regl @FR s 0 600 |X2 = 717.75 Background Excluded regions
. 26 counts TOFmin TOFmax
co0l On the plot, [Left C.:|IC|( + h0|d] 1 220372.68 293122.51
anddragontheregionneededo
beexcluded
400+
Time of flight
AZy = 0.000 AD; = 0.000 AD, = 0.000
300+ AD. = 0.000
% If it is necessaryo removean | , Scaling
L . . . le: . v = 0. = 0.
3 200 excludedregion, right-click on | ¢ =P %= 20w &= 4%
. . . Phase
100 th_ls shadedexcludedregion,it | | "o o e magnetic
will beremovedA o
a= 9.14600 b= 3.78510 ¢ = 13.4240(
0 a = 90.0000( B = [90.0000C v = |90.0000(
e = 0.00000 g, = 0.00000 Q. = | 0.00000
-100 WWWWMWMW Profile
o nuclear: PV * B2B expc(Z) I. = 0.00
magnetic: Gaussian An. = 0.00
-200 . . . . s ) Ao, = 0.000 Aoy = 0.000 Ao, = 0.000
45000 90000 135000 180000 225000 270000 Au,, = | 0.000 Av, = | 0.000 Aw,, = | 0.000
TOF (IJS) Av — | NoANDN Av —  nNNN M — N NNN

4
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(Only for BG type Ol inear
For manual background selection toggle this ON

(toggle it OFF after selection is complete)

~

I nterpol ati ono)

?x}

[ Fit
( Data Atoms Moments Domains Constraints Fit
|
PG3_42702-22) N & | @D H]]:= E\ ¥ TOFpn= 143002 TOFyu = 293122.5 Ypn= -204 Yeae = 647
600} X2 = 791.03
500
400 3 o .
Iftheo Back gtypeisotl ® hea & er p dhera
one can selectan appropriate number of background
300 points by right-clicking on the baseline of the
£ diffraction pattern.
g 200(
100

(L veva—

(RN 11 0 TAY

-100 . . Wmmwww\y%
-200 - ' - ' - -
45000 90000 135000 180000 225000 270000
TOF (ps)

Geometry
Source: neutron

oefficientsshould be sufficient.

Right-click onthetext6 Ba c k g mrmu n d 6
pick a background type. In this case

background is fairly flat soa polynomial
26: = 90.00 .
’ with 6 ¢

ron 11
BaCk\'"" Iir:earinterp on ST
polynomial (6 coeffs) TOFmin TOFmax
polynomial (12 coeffs) 20372.68 293122.51
polynomial (6 coeffs) + Debye-like
Tim®of Hidht ,
AZ, = 0.000 AD; = 0.000 AD, = 0.000
AD., = 0.000
Scaling
scale: 15.00000000  B., = 0.000 R= 0.00
Phase
phase 1[-] (/) nuclear ~ magnetic
Cell
a= 9.14600 b= 3.78510 c= 13.4240(
a = 90.0000( B = 90.0000( y = 90.0000(
g. = 0.00000 g, = | 0.00000 q. = | 0.00000
Profile
nuclear: PV * B2B expc[-] Is= 0.00
magnetic: Gaussian An, = 0.00
Ao, = 0.000 Ao, = 0.000 Ag, = 0.000
Au, = 0.000 Av, = 0.000 Aw, = 0.000
M — n nnn A — N nnn A — n nnn

15



[ Fit

PG3_42702-2.(%]

Data Atoms Moments Domains Constraints | Patterns ] Fit

(X [¥)] TOFmn = 14300.2 | TOFex = | 293122.5 | Yoio = | -204 | Ymu = 647

600+ (x2 = 791.03

500+

400

300

counts

200

100

L1 LT

-100

e oo '

(N | I l

Make sure the origin value of the
background is somewherein betweenthe
selecteddata range for refinement. In the
current example,90000microseconds

-200

\4

45000

90000

135000
TOF (ps)

180000 225000 270000

Eania To activate refinement of the background, Righiclick
Source: neutron 7
on the text o6val
26 = 90.00 l
Background Excluded regions
value 2 TOFmin TOFmax
" check all value !
: 90000.0 &y f2.68 293122.51
o uncheck all value
0.00
0.00
Time of flight
AZ, = 0.000 AD; = 0.000 AD; = 0.000
AD.; = 0.000
Scaling
scale:  15.00000000 B.. = 0.000 R= 0.00
Phase
phase 1(Z) (/) nucdear ~ magnetic
Cell
a= 9.14600 b= 3.78510 c= 13.4240(
a = 90.0000(C B = 90.0000( y = 90.0000(
g« = 0.00000 g, = 0.00000 . =  0.00000
Profile
nuclear: PV * B2B expc/<) I.= 0.00
magnetic: Gaussian An, = 0.00
Ao, = 0.000 Ao; = 0.000 Ao, = 0.000
Au, = 0.000 Av, = 0.000 Aw,, = 0.000
A — n nnn A — n nnn Ay — n nnn

—

ueob
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[ Fit

PG3_42702-2.2 |\ NIG)

A=) (X] ] TOFmn

Data Atoms Moments Domains Constraintsﬁt

14300.2 TOFpnx = 220000.0 Ymin = -190 ymx = 640

600 |x2 = 791.08

500+

4001

300

counts

200

100

30000

60000

90000

120000
TOF (ps)

150000 180000

210000

Geometry

Source: neutron

26; = 90.00

Background Excluded regions
coeffiecient value TOFmin TOFmax

1 origin 90000.00 1 220372.68 293122.51

2 G 0.00 ©

3 (o 0.00 [~

Time of flight

AZ,= 0.010 [/ AD;= 0.000 AD, = 0.000
AD., = 0.000

Scaling
scale: ) B, = 0.000 R= 0.0
Phase b
phase 1(2] [) nuclear magnetic
Cell
a= 9.14600 b= 378510 ] c= 13.4240( [~
a = 90.0000C B = 90.0000( y = 90.0000C
qx = | 0.00000 q, = 0.00000 . =  0.00000
Profile
nuclear: PV * B2B expc/-] Is= 0.00
magnetic: Gaussian Ann, = 0.00
Ao, = 0.000 Ao, = 0.000 Ao, = 0.000
Au,, = | 0.000 Av, = 0.000 Aw,, = 0.000
Arve — n nnn A — n nnn M — n nnn




[ Fit

Data Atoms Moments Domains Constraints Patterns | it

SNP
Fit
POW nuclear >
INT W

weight SNP: 0.000
weight intensities: 0.000

weight powder:

View results || Export results View correlations | View p-structure Export graph Undo  Accept
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A Fit ?

N
Data Atoms Moments Domains Constraints Patterns | Fit }
SNP
weight SNP:  0.000 Fit
weight intensities: 0.000
POW nucl <
weight powder: 1.000 s >
£ oBW

iteration 29

X2 = 58.2097, (A / £0)msx (3) = 2.74452 600 &
iteration 30

X2 = 58.2097, (A / £0)mex (a) = 1.01051
iteration 31

X2 = 58.2097, (A / €0)msx (a) = 0.20568 500
Fit converged after 31 iterations

X = 198611.49 400}

X2 = 58.21

Re = 12.98

300
2

Atoms: g

SB = [0.029 0.250 0.658] - § 200}

B = 1.000, occ =1.000
CR = [0.155 0.250 0.045]

B = 1.000, occ =1.000 100
SE = [0.172 0.250 0.484]

B = 1.000, occ =1.000
SE = [0.285 0.250 0.213]

B = 1.000, occ =1.000 0r
SE = [0.502 0.250 0.609]

B = 1.000, occ =1.000
-100§, A aaiee i N R o OSSPy

POWDER PARAMETERS: i H H H H s L
i 30000 60000 90000 120000 150000 180000 210000
Palvnamial hackaranr naramoatore TOF
llts Export results View correlations | View p-structure |  Export graph Undo (1)  Accept

Time of fight:

Z, = 3.3(6) D; = 0.000 D, = 0.000 D.; = 0.000
. - WO Convergence reached after 31 cycles! Discrepancy
om0 ) parametersand all the refined parameterscanbe found in

B2~ 0.000 B - 0.000 B - 0.000 the left window.

p, = 0.000 P. = 0.000

Lattice:
a =9.1429(3) b = 3.7839(1) c = 13.4147(4)
a = 90.000 B = 90.000 y = 90.000
Volume = 464.09(2)
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Backto thefitting tabandrunfitting againtill thefit converges

A Fit ? X
Data Atoms Moments Domains Constraints Fit
PG3_42702-2(2) .\ ) 0 (0 [ i [X|[¥] TOFmn= 14300.2 TOFms= 200000.0 Yoo = -190 yom = 640 Background Excluded regions
- coeffiecient value TOFmin TOFmax
1 origin | 90000.00 1 220372.68 293122.51
600 |x2 = 50.29 2 G 1241
3G 432
5001 Time of flight
A7, = 3.339 0.000
4001 AD, = 0.000
Scaling
scale: 11.69193510 ) B, =
300 Phase
-Eg phase 1(2) (/) nuclear = magnetic \
3 200} Cell !g In the currentversion,it is necessary
a=9.14292 () b=(378386/) c= 13.4147:(J to choosea small value when starting
a = 90.0000¢ B = |90.0000¢ vy = 90.0000C .
100 G = 0.00000 a, = 0.00000 a: = 0.00000 T_he I’?fll’;ﬁme:lt cl;f a new pargrrnlketer
Profile ’1 eavinginemto bezerow 0 NWDIK.
0 nuclear: PV * B2B expc|-] Ie= 0.00
magnetic: Gaussian An, = 0.00
Aoy = 0.000 A= g
-100- | Y b, A‘AmT_MWWWW
30000 60000 90000 120000 150000 180000
TOF (us) Rise and decav
20
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