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Hawa uenb - onpenennTtb NnapamMmeTpbl 3aN1eMEHTAPHOU A4ENKN

[Mpobnema:

B NOPOLLKOBOW Andpakumn TpexmepHas KapTUHKa cripoeumpoBaHa Ha Of4HY OCb
(akBmBaneHTHass MOLYJ1HO BekTopa paccesaHuns)

-@O00----> 1/d=2sin0/nj.
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Habop MeXMn/I0CKOCTHbIX PaCcCTOAHUN
d = \/2sin@ -
nony4dyaemM npoduabHbIM aHaIN30M

5 =[ha” ko1

O4yeHb HeyaayHoe obo3HayeHne —
210 — HE BekTOp pacceaHus



CBsa3b d 1 NnapaMeTpoB 3/IEMEHTAPHON AYEenKHU

O6uwee BblpaxeHue ana d (T.e. 4719 TPUKIIMHHOMU CUHIOHUN):

UYL (cosBcosy—cosa)+ 2N (cosar cosy —cosp) + ® 2k (cosar cos —cosy)
1 _a’sina bc b’sin’ 8 ac c’siny ab
d? 1-cos a —cos [ —cos y+2cosa cosfcosy

Heckonbko npowe Ans BbICLLNX CUHIOHUM

> «CpefH1e CUHrOHMM»

1 _h*+k*+I? Ky6uueckas
d2 - 32
2 2 2 \
i:ﬂ h”+k +hk+|_ NekcaroHanbHasn
d*> 3 a c’
1_h+k* I® TeTparoHasnbHas
d2 a’ c’
1 h* k* I?
v = " + 2t (OpTO0)pOoMbHuueckan
v
1 h? k? |2 2hl cosp
+ MOHOKJIMHHaA

= +— +
d*> a’sin°f b* c*sin®B acsin®f



NHonumpoBaHMe: NOCTaHOBKA 3a4au4n

1. Ah? + Bk? + CI? + Dhk + Ehl + Fkl

d2

Ona Habopa nMHuUKN c Heun3BecTHbIMU hkl Heo6xoammo noao6paTb MHAEKCDI

The only problem is TIME. Calculations for the triclinic case with 1000
steps for each of the six cell parameters would lean t
1.000.000.000.000.000.000 (80 tests, which corresponds to many
centuries at the current speed of... However, anustiva search is quite
manageable in grid search mode with a step of 0.0fsthom for
cubic/hexagonal/tetragonal crystal systems.

4

McMaille is a "brute force" program that can be "agnhexhaustive"
In grid search mode, provided the grid steps are sieoyt.

(A. Le Ball)



NHonumpoBaHMe: NOCTaHOBKA 3a4au4n

Indexing ismore an art than a science
A. LeBall

MeToabl MHAULNPOBAHNSA PEHTIEHOrpaMMm

1. AHanuTnyeckune (Bpy4Hylto)
2. MNoabop M30CTPYKTYPHOIro coeanHEHUS
3. ABTOMHAMUMpoBaHme (NporpamMmmsbl)

4. Metoag roMmosiormu



VICKYCCTBEHHbIV NpUMep: UHAULMPOBAHMNE AN pPaKTOrpaMMmbl
&TUMOTETUYECKOro Kybnuyeckoro coenHeHns»

IPUMUTHBHAS
KyOnueckas perieTka, Q= 10000
2
a= 10A d

2 d|lol n «

1 8.83b7 10.0000 100 1 0 0
2 | 12.5081 f.0711 200 1 1 0
3 15.3345 h.7735 300 1 1 1
4 17.7246 5.0000 400 2 0 0
b 19.8367 4.4721 L00 2 1 0
b 21.752 4.0825 600 2 1 1
Fi 25.1684 3.5355 800 2 2 0
8 26.7225 3.3333 900 2 2 1
9 28.1971 3.1623 1000 3 1 0
10 29.604 3.0151 1100 3 1 1
11 30.9526 2.0868 1200 i 2 i
12 32.2502 2.7735 1300 3 2 0




PeanbHbIM NpuMep: Si CTaHAapT: a~5.41A

o GRAPHIC - User: - [silCALC.Yaw] N l.||:||5|

Fle ‘iew Optons Window  Help =

=|8|8| &fF 2= =| [& RJL s|in| 2|
TROD (FRange 1)
1400 220: h2+k2+|2 = 8, 1/d2:0273 —
- \ 311: h2+k2+12 = 11, 1/d2=0.376
E: 400: h2+k2+2 = 16, 1/d2=(
C / 331: h2+k2+[p
S S |
0.0 0.1 0.2 0.3 L'i.4 0.5 0.6 0.7 EI.E i B B B

Y

D.547
> =19, 1/d°=0.649




CpegHue CUHIoOHUK

Ba He3aBUCUMBbIX psiga no Q
(hk0) + (00I)

opg | owe | owpn | o | i | om | am | e
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[Mpumep:

TeTparoHasribHas a4enka

a=3A
c = 8A



HanoMmnHaHue 1: cucreMatTmydeckme noracaHums

4YaCTb TeOpPETNYECKN BO3IMOXKHbIX perJ'IeKCOB MOXXET OTCYTCTBOBATb.

- LEeHTpUpoOBKa
- OTKPbITbl€ 3fIEMEHTbl CAMMETPUU discreet continuous
- «CryYanHble» noracaHus \
— ikr — i kr 3
F: h+k: k+l: h+l = 2n Fua=_Ti € —j Px. € d7T
I h+k+l = 2n AN electro
n
density

MoXHO onpenennTb NPOCTPaAHCTBEHHYIO rpyrnny Ha OCHOBaHUMU
aHanm3a cuctemMaTudeckux noracaHumm

[1Ba OCHOBHbIX anroputma (no HasBaHMAM COOTBETCTBYHOLLMX MporpamMmm):
- DASH
- EXPO



HanoMmHaHue 2: HEMOHOXPOMATUYHOCTb...

“a,-stripping™:

MaTeMaTnyeckoe «ygasieHmne BToporo rnuKka»
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HanoMmMHaHMe 0 HEMOHOXPOMATUYHOCTU (NPOAO/IXKEHNE)

anbTepHaTMBa O,-stripping -
NPOMUIbHbLIN aHanM3 Kak 2 KOMMNOHEHTHI

- Hanpumep, Xfit / npodouns FP.
nnn WinXPow (C orpaHnyeHnamm)

"
~

[ Usze dsymmmetny

0. order 1. order 2. order 3.order 4, order
[ I I [ [
| Fixed | Fiwed | Fixed | Fixed [ Fixed
5. order G. order 7. order 3. order 3. order
0 i | | |
| Fixed [ Fixed | [ [

Fical | Freeal | r

r

| Cancel |




HanoMMHaHWe: TpU OCHOBHbIE C/TOXXHOCTU NPU MHOANLUMPOBAHUN

1) npnmecu

2) HETOYHOE ornpenaerieHne NonoXeHns NUKoB
(cuctemaTnyeckme owmnbKn)

3) "dominant zone"

I

HeobXx0aMMO nNocTapaTbCa MUHUMN3NPOBATbL MHCTPYMeEHTasbHble OLLIMOKM,
npuBO4ALLME K COBUTY NOMNoXeHna nukos (Hanp., cos(0) / sin(20) B b-b
reoMmeTpun)

npeanoYTUTENBLHO UCMNOoMb30BaHME BHYTPEHHero ctaHgapTa (Si, Ge...)

HeobXoANMO KOPPEKTHOE onucaHue npodung («xopoLuaa» npousibHas
dyHKUNSA, acuMMeTpus...)



[TpobonoaroToBka, CbeMKA ...

Powder indexing is not like structure analysis, olwhiworks well on good
data, and will usually get by on poor data gizittle more time and
attention. Powder indexing works beautifully @od data, butvith poor data
it will usually not work at all.

"Data accuracy for powder indexing" — R. Shirley -8IBpec. Publ. 567 (1980)



TUNUYHbIE OWKNBKN NMPU NHANLMPOBAHUN

[Moyemy 3TO BaXXHO?

OY€EHb NErko NPoNHAMUMPOBATbL PEHTIEHOrPaMMy HEMPaBUITbEHO
- B bonee HM3KoM CUMMETPUN

- C 3aBblLLUEHHBIMU MapamMeTpamMn 3fIEMEHTAPHOU AYEUKU

- OHY dra3y kak cMecb U HaobopoT

[Mpumep: aBTOMHAMUMPOBaHWE no anroputmy Wisser (Treor)
aTanoHa Si (a~5.41A)

oo INDEX - User :Fi _
Eile wiew Index Refine Help

= | PlwVv[L R|?

Number of solutions accepted :

.......................

F(7)

cubic hexagonal tetragonal orthorhomhic

3 0 1] 0
Nr System a h c
1 Cubic £.410%9 L.410% L.410%9
£ Cubic T.eEBEE T.8EEE T.8EBE2Z

3 Cubic S_37E0D 2.37Z0 S_3TED




MnnocTpaunsa BaXXKHOCTU TOYHOro onpeaenexHuna {d.}

209P=20" + ZS + x* cos(@) + x,* sin(20)

ToT e camblil MaccuB AaHHbIX - Si - ctaHaapT (a~5.41A)

3aaaHbl NPOM3BONbHbIE 3HAYEHUS X1+X2

vur INDEX - User :  File : gsierrl.pft

File Wew Index Refine Help

= & Bl Pl wliv|L| R| 2]

Mumber of solutions accepted :
cubic hexagonal tetragonal orthorhombic
] 3 ] ]
Nr BSvwsten a jal C
1l Hezxag 52276 G.2z76 14 5431
& Hexag lo._0347 lo.0347 l3.3153
2 Hexag lo_7z02 lo. 7208 E_GEZEE5

FOM

1.5
11.3
2.8

Thind.

1]
1]
1]

Tolume

Lal. .z
1175.1
EEE &




NnniocTpauma BaXXHOCTU TOYHOro onpeaenennsa {d.}: npoaoskeHmne

209P=20" + ZS + x* cos(@) + x,* sin(20)

Synmet

Cell 4

Cell 4

i)

b I = VI Y O T G R

ry

: Cubic

: 5.4110

: 5.41:z24

Cell Wolume:

153,55

2Theta zeropoint :

Final ETheta window :

2Th[oba] H

28,
47,
6.
a9,
6.
a5,
a5,

53l
4749
338
406
6ad
408
375

o L s W

F

Initial cell parameters :

Fefined cell parameters :

(3]
ey

HMber of unindexed lines

0.150(&)

K

|l e I D AN R

0.0z00

L

[T I S e T S B

Mumber of single indexed lines :

7

HE

2Thl[calc]

aa.
47,
56,
a9,
6.
85,
a5,

542
475
332
401
G55
410
381

OONbLLWMHCTBO NporpamMmm
nogaepXXuBaeT ONuUUI0 YTOYHEHUS
«caBUra Hynsa»,

HO Mbl He 3HaeM ero BesfIM4YmHy Ao
WHOMLMUPOBaHUA,

BE3 BHYTPEHHEIO CTAHOAPTA

obz-calc Int. d[obz] dlcalc]

L0107
0044
LOnss
L0053
L0032
L0018
.00el

loo.a 3.1260 3.1249
B6.5 1.9134 1.9138
39.8 1.6317 1.6319
10.3 1.3530 1.3531
15.0 l1.241a 1.2417
19.5 1.1045 1.1045
10.6 1.0417 1.041s



MeToa BHYTPEHHEro

ctaHgapta B WinXPow

Version 1.0

=100 x|

Graphics
Raw Diaka Handling
-Patkern Fitking

Licensed to

Moscow State University
Department of Chemistry

alibrate - User:
= Galibrate Miew Help

=0l

=8| =] 2]

00,0
an.o
s0.0
o0
Go0
500

Ann 2

ral Intensiby

ZALobanowtFullprofisi_testiitxPisi1 CALC. pit
ZhlobanowFullprofisi_testwith_sicos1waepigsierr . pft

choose polynomial ko3
palpnamialarder  chi®2 [#107-3]
i 0.02357 | | |
0.02554 20.00 40.00 50.00 50,00 7000 20.00 90.00 Zthets
0.00001 0
4 0.00000 1
2
= 3
£ ok I Cancel £
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= E
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[Mpobnema "dominant zone"
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""hypothetical tetragonal” CELL: 2.50000 2.50000 25.00000 90.0000 90.0000 90.0000 SPGR:P 4/mmm

[Tpnmep 1 ("HaFJ'IFI,EI,HbIVI")

Yobs-Vealc

Bragg_position

I

nepBbIN pedrekc
¢ (hk)-komnoHeHTOM -
(100)

\ I | | |
15 28518 (0081 1
16 286111 (D0&1 2
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Mpumep 2 ("TMNNYHBIN"
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Pnma: 00I: I=2n

nepBbin pedriekc
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[Mpob6nema HeogHo3Ha4HoOro Boibopa 34 (geometrical ambiguities)

HanomMHum:
1 4h2+k2+hk+ |2
rekcaroHanbHasa CUHIOHUS 2 3 2 2
2 2 2
pombuyeckasi CUHrOHUSA 1_h + K +|_

d? a®> b* ¢

5 y 1/d? = 4h ?/a,? + 4k 2/3a,2 + 1°/c?
YacTHbIN cny4an:

_ h' = h+k
a, = 3,2 ,
b,=a,82 =) K=MKk
CO: Ch

1/d? = 4/3a,? (h'2+h’k’+k’?) + [2/c?



“Knaccunyeckmne” anroputmbl U NporpamMMbl aBTOUMHANLNPOBAHUS

ITO

J.Visser, J.Appl.Cryst. 2, 89-95 (1969)
OcHoBaH Ha MaTeMaTUYeCKMUX COOTHOLLEHNSAX B 0OpaTHON peLLETKE.
OcobeHHO yoobeH Anga HU3WMX CUMMETPUN.

TREOR

P.-E. Werner et. al, J.Appl.Cryst. 18, 367-370 (1985)
Mcnonb3yeT meTtoq npob u ownbok npu nepedbope MunnepoBCKux
NHOEKCOB ANs BbIOpaHHbIX 6a30BbIX NIMHUMN.
OcobeHHO yaobeH ana poMmbmnyeckon 1 BbICLLMX CUMMETPUN.

DICVOL

A.Boultif & D.Louer, J.Appl.Cryst. 24, 987-993 (1991)
MeToq nocrnenoBaTenbHOro pasfoXKeHus.
PaboTtaeT anst Bcex CUMMeTpun

Bce BMecTe? — nakeT «Crysfire»



HoBble noaxoabl / anropuTMbl

- reHeTn4veckune anroputmbl (“GAIN”)

- singular value decomposition (SVD)

Z. Kristallogr. 219 (2004) 783-790

€ by Oldenbourg Wissenschaftsverlag, Miinchen

Renewed interest in powder diffraction data indexing

Jérg Bergmann', Armel Le Bail™ !, Robin Shirley™ and Victor Zlokazov!"



KpuTepun npaBuUIbHOCTU MHANLIMPOBAHUS

1. OTKNIOHEHME OT PACUYETHbIX 3HAYEHUN.
2. KonnyectBo BO3MOXHbIX JIMHUMN.

Kputepun M,, (Ade-Bonbd)

T
Qoo - 3HaueHue Q,.., a1g 2041 Tunuy,
Nposs.~ 9ACIO TEOPETUIECKH BO3MOKHBIX JINHUH, BKIIOYas MOIy4eHHYIO 2040;

€ - cpeanee pacxoxaeHue MEXKIY Qpace. U Qoyen, 1A Beex muHUM ¢ Q<Qy

M,,>30 : MHAMLMPOBAHNE KOPPEKTHO
(kak npasuno!!l)



Kputepun npaBUbHOCTU MHANLIMPOBAHUS - 2

Kputepun F (Figure-of-Merit) (CmMut-CHangep)

T (DAéGEJ (NI:SS) |

rae N - KoamuecTBO HAOIIOJaEMBIX JIMHUM

Nposs. - YUCIIO TEOPETUYECKU BO3MOXKHBIX JTUHUH;

LA260] - cpenuss abcomroTHas pa3Hua MEXTY 205,04 1 20,cr -

F50>20 @ M"HOAMUMPOBAHNE KOPPEKTHO
(kak npasuno!!l)



[lpakTnyeckme coBeThl

1) cHayana nMmeeT CMbIC/ caenatb MHAUUMPOBAHUE MO OCHOBHbIM
(cCaMbIM UHTEHCUBHBLIM) JIMHUSAM

2) pasbpoc ownbok AQ: fosmKeH bbITb criydyamHbIM (+/-):
eCcfin ecTb CUCTEMATUKA - CKOpee BCero, ecTb cmMcremaTmyeckas
owmnbka onpeaenenna {d}



NHAMUMpPOBAHNE CMECU HEU3BECTHbIX a3

nyywunm nogxon (HeyHmBepcaneH).

pasfeneHne No pasHoi NonyLnpuHe N ee yrrnoBon 3aBMCUMOCTU

FWHM

0.20-
0.184
0.164
0.14
0.12
0.10-
0.08
0.06 4
0.04
0.02

0.00

phase 1

—&o— fwhm1l
—e— fwhm?2

70

80

r2=U,t9%0 +V, tgb + W,

M2=U,1t92%0 +V, 190 + W,



YTouHeHne napaMeTpoB D4: NoCcTaHOBKa 3a4auun

Ho B ntobom cnyvae:
1

Toraa anga n pedriekcos:

A+ Bk + CI+
ArC+ Bki+ CIZ+
ARC+ Bki+ CIZ+
Ah’+ Bk*+ CI°+

e = Ah? + Bk? + CI? + Dhk + Ehl + Fkl

Dhk, + Ehl,+ Fkl, =Q
Dhk,+ Ehl,+ Fk)l,=Q,
Dhk, + Ehl;+ Fkjl,=Q,

Dhk + Ehl + Fkl =Q.

nn

NMoa6op Havnyuwero Habopa {A..F}:
pewaeTtcs (06biyHO) MeToaoM MHK



YTouHeHne napaMeTpoB IH: NpakTuUKa

CYLLIECTBYET OrPOMHOE KONMYECTBO NporpaMmm ANsi yTOYHEHNS napaMmeTpoB O

O4YeHb yOOobHasi npozpamMma «0ssi yesneu obyqdyeHUsI-MOHUMaHUST»
«Powder 2» (M.H. OneuHukos)
- He noddepxxueaem «zero shift»

KOHBEpPTEP
WinXPow -> Powder2

—

dows 95
version 2.0

. Copyright® 1995
- Lahoratary of InGrganic
|

& pft <-=> pro
p p

Gry stallochermistry, MSU . Wi Pow (™ pft)
by Oleynikoy Peter i

.................................

|pb$l:u:-:-|:ueaks.pft i plt-rpro i

|
Powder2 (* pro]

Exit | i |




YTouHeHne napameTtpos 24: Powder 2

[pumep: peHTreHorpamma PbSO, n3 komnnekra npumepos «Fullprof»

vore FIT - User : Max  File: D:WMSUMeachinglMux_materialsipftproipbsox-peaks. pft
File Parameter Operations Miew Options Help

0|2 || S| = #S wulms) | si| s|L[NM| 2]

14000.0 4
12000.0
10000.0
20000 4
G000.0 4
4000.0

AU

0.0

15000
1000.0 o )\

502:2 ] n Ay Hv ™ afh A Mu % J”l VAM ﬁu
-500.0 wu " I”T v u

-1000.0

18.0 200 220 24.0 260 280 200 az0 340 2Theta

2Th= 19,002 , d=4.6667 , Int= 14307.9 [monling Chiz=7.563 R= 7.0% nPar=33 Mpts=721 T= 0.05

Harnn4ymne d,-KOMMOHEHTbI UTHOpUpoBasu



YTouHeHne napameTpoB 24: Powder 2

2 AL | Set error window OI'ILI,I/IFI 1
abc Ind (7 Sy dEwe Sl i Pleaze enter di or 2Th value — HaL'IVIHaeM C n MMe HbIX 3HaquMM
orthorhombic P-centred cell parameters: IW
a-  8.500(0) - napameTpoB O
b = 5.4008(0) & ﬂl
e S0RCH S (Hanp., AaHHbIe N0 U30CTPYKTYPHOM
Uolume = 316.71(8) ™ 2Theta erar p" IDI py yp y
F{%) = 18.2(8.8194, 14) | | Help
H(5) = 39.3( 1.32, %) = Coe,D,MHeHV”'O)
H 2Th{obs) D{obs} Q{obs) I/Io h k 1 Qf{calc) deltal)
1 20.799 4.2674 549._13 78 -—— not indexed ——-
2 23.285  3.8171 686.33 53 -—— not indexed ——-
3 25.539  3.6247 761.12 28 2 @8 1 763.67 -2.55
4 25.552  3.4833 82417 29 -—- not indexed ---
5 26.687 3.3377 897 .65 88 2 1 8 896.57 1.08
6 27.665 3.2219 963.33 66 -—— not indexed —-—-
7 29.666 3.8890 1164.47 188 2 1 1  1186.61 -2.13 =
8 32.334 2.7665 1386.59 35 - not indexed -—- a Powder2 - [ pbsox-peaks.mnk]
9 33.146 2.7886 1371.13 49 8 2 B8 13F1.7% -0.61 @ Fle View Settings Calculte Options Window Help _ 5 x
18 34186 2.6287  1456.81 8 3 @8 1 1455.71 8.30
DEE & (&
| Ready e abc  Ind (I Syn Em Clr
Ibrthurhumhic P-centred cell parameters:
a=- B.53IT)
b = C.ae1200(7)
c =  6.96151{6)
Uolume = 321.886(8)
. F{3) = a.0(0.0008, a)
onuus 2: M(3) = ©.8{ 0.08, 8)
HaL“/IHaeM C MH,D.eKCOB an”epa H 2Th{obs) D{obs) Q{obs) I/Io h k 1 O{calc) deltal
. 1% 208799 4 2674 Ly9 13 78 a 1 1 Ly9 13 a.88
OTﬂleanbIX pecbneKCOB' 2% 23.285 3.8171 686.33 53 1 1 1 686.33 a.0a
3 24.539 3.6247 Fo1.12 20 --- not indexed --—-
(110) nepoBCKUTA U T.M. 4 95552 3.4833  824.17 29 --- not indexed ---
5 26.687 3.3377 897 .65 88 --- not indexed ---
6 27 .665 3.2219 963.33 66 --- not indexed ---
7 29_666 3.8098 1104 47 188 -—-- not indexed ---
8 32.334 2.7665 1386 .59 35 --- not indexed ---
Ox 33.14é6 2.70086 1371.13 4o a 2 a 1371.13 6.08
18 34 186 2.62087 1456 .81 8 -—-- not indexed ---

Ready HUM




Moandunkaumm Mmetoaa Puteenbaa ong yTodHEHUS NAapaMETPOB AYENKU

Whole powder pattern decomposition methods and applications:
A retrospection

Armel Le Bail®

Laboratoire des Oxydes et Fluorures, CNRS UMR 6010, Université du Maine, avenue O. Messiaen,
72085 Le Mans Cedex 9, France

TepmunHonorus / Ha3BaHus:
“pattern matching” / “profile matching” / “structureless fit”...

Pawley

ariropuTtMbil < Le Bail
€ bal



MeTtoa romonoruu
ana UHANMUNPOBaAHUA PEHTIEHOIPaMM

Hy»Ho nu Bcerga npumeHaTb “brute force” nporpammbl gna aBToMaTU4YECKOro

MHOAWNLHMPOBAaHWA WK BO MHOIMMX CNny4aax npoﬁnema MoxeT BbiTb peweHa C npuMmeHEHHUEM
KapMaHHOrIo KalbKynATopa, onuMpaAcb Ha 3HaHKe HPHCTHHHO){HMHH?

Moem N1 Mbl U3B/1eYb NONE3HYIO MHPOPMAaLMIO U3 MHTEHCMBHOCTEN pedneKcos
ANA YyCrewHoro MHANLMPOBaHMA peHTreHorpamMmmbl?

Moxkem nu NpegnonoXuTb Moaenb CTPYKTYPbl NpKU onpeaeneHun napameTpos
3/IeMEeHTapHON a4elKku?



CBepXCTpYKTYypa

Ha gndgpakrorpamme:

-paclienneHmne

1. Ynopaao4yeHue KaTUOHOB «Cy6CprKTypr|X» pedJJ'IeKCOB
-nodAaBIrieHne HOBbIX
(«CBEpPXCTPYKTYPHbIX») pedonekcos

2. Ynopspo4eHue aHUOHOB
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MeTo4 roMoJZIorMn: anropmuTm

. [Noabop cybbsavenku

. Onpepnenexnne Tmna NCKaXXeHus

. [poBepka Tnna nckaxeHms

. NHomumnpoBaHne cBepXCTPYKTYPHbIX pedpnekcosB

B W



MaTpuua nepexopa: npumep

X'=X+y
y' =X-y
7 =22
(1 1 0)
NEW=/1 1 0|OLD
0 0 2

OTO - B YaCTHOCTU, CaMbl pacnpOCTPaHEHHbIN TUM UCKaXXEHNSA B NEPOBCKUTAX:
TMn GdFeO, (npocTpaHcTBeHHad rpynna Pnma)



Acnonb3oBaHMe MeToda roMOMIOrunn: onpeaesieHne Tuna UCKaXXeHus

Distortions of Primitive Cubic Lattice
(Miller indices and multiplicity factors)

Symmetry, Matrix | S————— - lndlm
Lattice type ] 100 | 110 | 1l | 200 ]
Cubic, P 1 og | 100 10 1ni 2
1
. Ioo‘ 4 l . h . ‘ -
Tetragonal, P 100 [ 100,001 110, 101 11 200, 002
010 ' 2 ] 2. 4 4 2, |
| 001/ i i » | "
Trigonal, R 110 101 012,110 021, 003 202
‘f - l' 3 3, 3 - V) | 3
' Orthorhombic (100 100, 010, 001 | 110, 101, 011 | i 200, 020, 002 |
P et L L 2, 2 2 4 I, L1
"Orthorhombic | (110 110,000 | 200,020,111 | 201,021 220,002 |
C ) % 3 L, 1, 4 2, 2 o )
'Monoclinic, P | (100 100,010,001 | 110,011, 10-1, 101 | -1, 111 200, 020, 002 |
010 L L -2 1 1. 2 N
! | 001 ) 4 | = .l | s "
Maonoclinic, C 110 110, 001 200, 020, 11-1, 111 20-1, 201, 021 220, 002
110 %" 5} L 2 2 L k1 2, 1
. _ 001 ‘ U : ' |
Triclinic, P* -;og 100,010,001 | 1-10, 110, 01-1, 001, | 111, 1-11,-111, | 200,020, 002
l - -
] \ess) | i 10-1, 101 _ -l
100 110 111200210
I [ | | . B
L ) I [] I
27 [ | | |
3 | I
4 Il 11 | | 1|
57 I O N
6 | N 1

T 1




MeToA roMosIorMmn: NpocTon Nnpumep

UHaMUMpoBaHWe peHTreHorpammel La, ;Sr, ,Cu(O,F);

LA | L% | Q | Quoen |DKlypeg | Splitting | bkl
40453 |44 |61 001 001
37931 (108 |ees 1% |1 [Jo0.010  [100
27661 1000 |1307 101,011 | 101
26791 |a412 |1393 | =20 110 9o 110
52332 [181 |2005 [2005 111 |11 1
20242 [13.8 | 2440 002 002
18940 |231 |27 |°"° |0 S0 020 (200

1. Ananusz Q cepuit gna cybbavelnkn onpegenseT TUN PeweTKn —
NPUMUTUBHAaA Kybu4yeckas

2. PacwenneHue pednekcos oTBevaeT TETPAroHaIbHOMY UCKaXEHUIO

3. CoOOTHOLWEHWE MHTEHCUMBHOCTEN ANA paclwenneHHblix pednekcos NO3BONAET
npunucaTb MHAeKCbl Munnepa v onpegennTe NapameTpsbl

7. YTO4YHEHWEe NnapamMeTpoB AYENKU:

a =3.7893(7)A, c = 4.048(1)A



CBepXCTpyKTypa 6e3 yBenM4YeHUss a4emnkmn???

CErHeTo3J1EKTPUKHA
AJiIeMeHTapHad s4YenKa He MeHsaeTCH,

HO CUMMETPUS — MeHsaeTca (NOHUXaeTcs)

e & "

NP aHTUCEINTHETOJJTIEKTPNYHECKOM MNepexone a4yenka yaoBanBaeTCAH
rnpumedaHue: ecriu yxxe He bbira yogoeHa ecriedcmeue Opyaux achghekmos

¢ | o




MeToa roMmonorun: npeobpasoBaHMe pasfIMUYHbIX BEKTOPOB

ob6paTHOe NPOCTPaHCTBO: NpsiMoe NPOCTPaHCTBO:
npeobpasoBaHne nHaekcos Munnepa npeobpa3soBaHne KOOpANHAT aTOMOB

Y2 Y2 0
At=[12 -12 0

020

o
0 0 ¥2
5 ;
£ 5‘&%

9 g

, _J

7 PR IPEPENETE RPN PR . . ®

289 294 299 304 309 314 319 324 329 334 339

20 (degrees)

- KOMNOHEHTbI BEKTOPa a npeobpasyoTcs Fe ®

obpamHo K matpuue A = npeobpa3syroTcs
KOHTpaBapuaHTHO npu npeobpasoBaHnu
b6asuca

- KOMMNOHEHTbI BekTopa 3 npeobpa3syoTcs ¢
MaTpuLien npeobpasoBaHnNs A, rOBOPST,
YTO 3TU KOMMOHEHTbI Npeobpa3syroTca
KOBapuaHTHO Npu N3MeHeHun 6asunca

O (%0 0)= (Y4 ¥4 0)



[Nepexoabl rpynna-noarpynna

La, g:Ca, ;sMNnOy: Pnma -> P2,/c

Pnma (cokpaweHHas 3anucek) = P 2,/n 2,/m 2,/a (nonHas
3aruce)

Tpn anbTepHaTUBHbIE YCTAHOBKM:
P2,/m2/m2/a (cmaHOapmHasa) = Pnma
P2,/b2/n2/m (yuknuyeckasa nepecmaHoska - 1) = Pbnm

P2,/m2/c2,/n (yuknuyeckas nepecmaHoska - 2) = Pmcn

TO eCTb nepexoa.

Pnma (P2,/m2,/c2/n)->P12,/cl(P2,/c)



Kak HanTKU KoopAMHATbl aTOMOB B CBEPXCTPYKTYpE

Mpumep: La, 5:Ca, ;sMnO: Pnma (Pmcn) -> P2,/c
6e3 uameHeHus pa3mepa drnemMeHmapHoU a4yeulxu

3 nNpakTn4yeckmnx cnocoba

-BPY4HYI0 (MHTEPHaUMOHAarnbHbIE Tabnnubl++)
-“Cryscon” n T.n.

-nNporpamMmbl TEOPETUKO-IPpynnoBoro aHanusa ol
(cMm. HUXe)

Pnma:
Mn @ 4b { (00%2) + (¥200) + (0%20) + (Y2¥2Y%%) }

Pmcn:
[0r151 amou no3uyuu mak rnosly4usiock Ymo KoopOuHambl rnpu YUKI. nepecmaHo8Ke He U3MEHSIIOMCS]

Mn @ 4b { (00%) + (¥200) + (0¥:0) + (Y5Y5Y5) }

P2,/c: nBe nosuumm
(Zb) (]/200) + (1/21/2]/2) adHaJlTloOrM4yHO pacLlennaroTca no3numnmm KNCriopoana
(2a): (0%:0) + (00%) (He Bee)

[lpu yeenu4yeHuu s4elKuU 8 py4HOM criocobe rosierisemcs 0ornosHuUmernbHasi cmaousi
— rnpeobpasosaHue KoopduHam ¢ rnoMowbo obpamHou Mmampuuyb! rnepexoda



KoHuenuna "BosIHOBOro Bektopa (MarHMTHON) CTPYKTypb!"

MOXHO BMECTO MCMOSIb30BaHMS HOBOW SYENKM YBENUYEHHOro obbema
MCMNONb30BaTh Ty Xe A4elrKy N apobHble nHaekcobl Munnepa

Q=g+k 0
Mpymep (andpakums HeRTPOHOB — e 7 m m
n3 nexkunin OUAN) 00
(Lag25Pro75)07C8,:M N0, 05 W W

T=95K
N+ AFM

Atom shift

X

onncaHue — Kak
«BOJIHA CMEeLLEHNIN aTOMOB»

L\/\J\ (eOuHCMBEeHHO 803MOXXHa
0111 HecopasMepHO

— T MOOY IUPOBaHHbBIX CMPYKMYp)
/0 80

| ntensity
(001/2)
(1/201/2)
(101) (020)
(200) (121)

I T I T I T I I

10 20 30 40 50 60
Scattering angle



DKBUBAJIEHTHOCTb: 1D cny4yau

1/d2 = h2 / a2
U
d=alh

o%?oo

uenodka Nanepnca
OO

a=2g

[MepBbin pednekc (h=1):

“CXoAHas Lenoyka
d = a,

MOOynMpoBaHHas Luenoyka
h=1

B TEPMUHAX HOBOW
«3NeMeHTapHOWN A4YenKn»

d=a=2a,=ayh
h=1/2

B TEPMUHAX CTapOU
«3IIEMEHTAPHOUN AYEUKN»



[Ipnmepsbl

Q=g+k

G-type

K= (YY) C-type A-type

k=(%%0) k=(00%)

paccMOTPEHnEe Anst aTOMHbIX CMELLEHNN N MarHUTHbIX MOMEHTOB aHarnorM4Ho,
Kpome aetanen (Bektop / nceBgoBEKTOP...)

AkcuarnbHbIli eekmop (aHar. axial, ocesol) unu rncesdogekmop — gesluduUHa, rnpeobpasyrou,asicsa Kak
8EKMOop rpu orepayusix nogopoma, Ho, 8 omsu4ue om e8eKkmopa, He MeHsirouiasi ceoli 3HaK rnpu
uHeepcuu (obpaweHuUuU 3Haka) KoopoOuHam.



CucteMaTmyeckmn rnoaxond K cBepxcrtpykrtype (dpa3oBblie rnepexoabl)

CTporast matemaTmka -
Ha Teopuun pas3oBbLIX Nepexonos JlaHgay + Teopuu rpynn

Noeq: pasosbin nepexon - N0 0OgHOMY HENPUBOAUMOMY NpencTaBleHNIo

OnuncaHo B cnpaBOYHMKE:
|sotropy subgroups of the 230 crystallographic space groups
(ABTopbl: Harold T. Stokes, Dorian M. Hatch)

MeTObl aHanorn4Hbl Krnaccudpumkaumm HopMarsibHblx konebdaHum ons
MK (PamaH) - cnektpockonunu

Harold T. Stokes, Dorian M. Hatch
«Introduction to isotropy subgroups and displacive phase transitions»



CucteMaTmyeckmn rnoaxond K cBepxcrtpykrtype (dpa3oBblie rnepexoabl)

KomMmnbloTepHaa nporpamma: «lsotropy»

ISODISPLACE is a tool for exploring the structural distortion modes of
crystalline materials. It provides a user-friendly interface to many of the
algorithms used by the Isotropy Software Suite
http://stokes.byu.edu/isodisplace.html

HoBbin TepMmuH — «Distortion-Mode Rietveld Refinement»:
refines symmetry-motivated distortion-mode amplitudes
rather than atomic xyz coordinates

NI3OTPOITNU I'PYTIMNA

MHOXecmeo G, makux afiemeHmos 3adaHHou epynrbl G, delicmsyrowel Ha MHoxecmee M kak epynna
rnpeobpasosaHull, KOmopble 0CcmMasstom HernoOB8UXXHOU MOYKY X. QMO MHOXeCcmeo OKa3bleaemcs
rnodzpynnou e G u Hasblgaemcs 2pyrnnou Uu3omponuu MoYKuU X.

B amom xe cMmbicrie yrnompebrisitomcsi mepMUuHsbl.

cmauyuoHapHas nodzpynna, cmabunusamop, G-ueHmpanusamop



[MpuMep: NCKaXXeHHble NepoBCKUTbI / HOoTauusa [1a3epa

Fig. 2.1, Perspective views of: (A) the tilt system a'6"¢” generanng the space group Pddnbm by in-phase tilting of octahedra: (B)
the 1ilt system a"a"c generating the space group Mdncnr by anti-phase tilling of octahedra, A-site cations shown as red circles, X(1)
anions as veliow circles and X(2) anions as blue circles,

a0%a0¢c+ ala’c

23 cuctembl

R.H. Mitchell, «Perovskites: Modern and Ancient»



[MTpmMeHeHne Tl MeToaOoB

[TlpMeHeHne K NnepoBCKUTaM - "paspelleHHble” [193epOBCKME CUCTEMDI

a’qf qf
Pm3m

aPabct]| [ a®a%c—| [ a%b b aaa”
P4/mbm| | I4/mcm Imma R3c

atatat| | a'btb+
Im3 I4/mmm

k

a’bc | |ab b~
C2/m C2/c

a’bc | |ath b

atate™ f
Cmcm Pnma

P42 /nmci

atb e | |ab |




Apyroe nHtepecHoe IO

onpenensieT NPOCTPaHCTBEHHYIO rpynny
Mo 3aJaHHbIM KoopauHaTaM aToMOB

Findsym

@ Findsym GUI version 1.09R3

i
Add Translation _ _ _
io Jro Jo |

Current nurmber of atoms:

Atamic Coordinates |

- HanncaHa Tou e rpynnowu
B BYU (H.T. Stokes ++)
- €CTb "CKPOMHbIN"
rpacpuyeckum nHtepdpenc ("FFS")

MHomalize

Bring To Top

winite File

Truncate

Clear Atoms

Generate Model

Generate [&]FE

Execute Findzpm

Wiew Dutput

Wirite ®.cif

E it

truncation range lattice constantz

X o
i
2o o

MM A

Atomic Sequence




Apyroe nurtepecHoe 0O

Supercell

AN onpeaeneHns S4enku CBePXCTPYKTYPbI

- HanucaHa paspabotymkamm naketa Fullprof
- CUHTaKcuc BxogHoro goanna - PynnnpodoBCKum

peann3oBaHO ABa aJiropuTmMma.

1) "HoBasa anemeHTapHas ayenka" (a' = ma, )
2) BOJTHOBOW BEKTOP
(nooxoauT ansg MoaynmMpoBaHHbLIX CTPYKTYP)






