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Materials with Disordered Structure

Ordered (crystalline) structure Dlsordered (amorphous) structure
' - periodic structure s QS 2k - no periodicity

- long range order ¥ - short range order

- symmetry - N0 symmetry
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X-ray diffraction experiments

The main idea is to measure the variation in
scattered intensity due to interference
< effects as a function of the (diffracted) angle
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Experimental station BW5

BWS5 is dedicated to X-ray scattering experiments at energies between 60 and 150 keV.
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Present applications are:
 charge density studies of single crystals

e structural phase transitions
« analysis of the pair distribution function of amorphous material and liquids

* texture analysis of powder materials
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Experimental station BW5
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Photon energy, wavelength and penetration depth

L 200 eV = 62 A soft x-rays
A = he  12.398
Al = e clkeV] 8.05 keV = 1.54 A standard x-ray Cu lamp

A = 1019 m 100 keV = 0.124 A hard x-rays
eV =1.602x1071° J

aaaaaaaaaa
aaaaaaaaa

200 eV x=0.1 um

9 keV X =0.103 mm

100% intenzita

100 keV Xx=2.2cm!l

The large penetration depth allows the investigation of bulk materials and
complex sample environments.
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Theory of diffraction on disordered materials

The scheme of amorphous 1(Q) = ZN: fm(Q)eiQmm ZN: fn(Q)e—ian

alloys

1(Q)/N-f* T sin@Qr
e lfmn o s@="2 71t famipr) - p) T ar
f (Q) o¥ v g Q
o . D(r)
® where p(r) and p,are the local and average atomic number
® densities. D(r) — the reduced pair distribution function

Fourier transformation
We are able directly to perform the
sin@r) real space analysis (in the space of
Interatomic distances)

SQ =[D(r)

D(r) =2 [ QIS(Q) ~1sin@r)dQ A%
ey S
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Pair distribution functions

The reduced distribution function D(r)

gm} (a) D(r) =4m[p(r) - 0,

T gas

- > The atomic pair distribution function g(r)

®) o(r) = p(r)/ oy
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The structural factor extraction

Tnput file: 20, Tor Q.7 . .
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Preprocess a data file

| EditSPECFormat --- Wed Jan19 15:22:19 2011

1 PDFgetX2 v1.0 build 20050123

Please edit the data file format --»

Rl * | Mumber of lines o skip: |1

Carnment identifier: |F'0und j |11 Delimiter: |TAB j |I]

STRUCTURE >

ROM DIFFRACTION
MiCHIGAN STATE

et x-Ray FOF
Data Type:

Edit settings for data type: n % m ascii

i#88 PDFgetX2 ¥1.0 build 20040722
File  Switch -

K Hiskary - >| SPEC Data File: !IZF?UEUWPQU |VS2T‘ Edit Farmat |)PDFget><2 Reset->|

Scans Infa: 15canz, 1 Selected WHighlighted Calumt & Detector Setlp

Scand 1 2006 Pain (0.01. ) e I l ; . l
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=l0lx|
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W 2 SPEC Cot1 7] ME& fnone x| Use |SPEC 7] PP i roem fle: 25 2Theta.dat ]
P 35REC [Coit1 7] hEe: fnene 7] Usei|sPEC ] & Zoom R a
W 4 SPEC |Cot1 7] MCk: fnone 7] Use: [SPEC 7]  Coner I ]
Togale Scan(s) Selection qul List Seans: IAII 'l ® [BcEli: 1,0><10"_— ]
X Guick Options: L 4
Editing [ tion SetUp f Jumre| Coltt 2+ | Maritor Col Data Visualization [ Plat Enr L 7
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DeadTime Cor. Setp  Types © Noeory ©© Puker & None... Plot Style: - Pt gikch g [ ]
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1 A Style: . r b
eroe Soans Setup ™| Norm, Cal |<n0 calurnng: isITime j XEqumn'IEoIﬂ‘I v|| W (e IEoIﬂ‘I ,l Dataﬂ:’E‘ ALy i
futo Scale B/tth Bangeim |10 i |4U.U R_Edtb 5 fect Style .. L ]
 fuseak € R i oy e \ Y Column: Eolﬂ2 - SaveData | Plgt [ata | SRRy il ]
Cursor Pasition: 2.0x10° 7
Degliteh Setlp: Threshald W Interval |6 Auta Search i ‘ W 94390 i ]
8 Apply Eonectlons Merge Scans | Advancede = | e TR [4 Ll ) L P IR . [
.~

(" User Message
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N

User Message: \ | Col 1
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Setup an exp. configuration
15 PDFgekX2 v1.0 build 20040722 =10] x|

Fie Switch --> Heb
Tills: IH-ra,' FDF Fioducer: |a2ks
Histary - | Fie utozave: [ON = | Duiet |[OFF x| working Dilectay: C:4Frogrem Filez PO Foskid

[l ata Filz Famat CPEC Customize: .. | Hebehipobs | Edi Exm Senzs
Sanple: | ZrCu10Pd20 v Sam, Bhg. || Cartaing: | Can. Bhkg.: ||
[et=zor 4 7 Colr el St Det Em Cal AT Aay sdd = arm Mul Sam.  Sdd Sam B kg Hu Sjl.E}.uj

F 1 II'Iﬂ.'IIf\.rdlll'lﬂ'llﬁrd | |rkr|l.rlr|j
FF 2 Uﬂﬂ:--xrll |U TN j | Jrlﬂ'cmnj ¥
e .,|—|

Ext. Configuraion Sample Irfomation I I[3] Sebao | Calit I S0 ] Comecions I Gl Ciptimization | DralaYsuaization |
rmpinta fornchreat Define wavelength
WfaureiEncth (A [EUih‘TﬂiiE . 3 ||:|--|2'E LLpstal Typa: I".u:r-: . ﬂ Il-rmarf Baam j . .
Folzrizafion: Paifect Linssr fig 1] [eeoncing:i] I Cilicor{111) j Iﬂ 12200 and po I arl Zatl O n .

Down Skream Oplional information

Carvaing muk: (0. 000500000 Expeiment Heme:  [POF analpziz Expenmziter IITI'EI
Fiter muk: 0.0200000 Temp=abaslk]: 300,000 Fecilky: Ih boase

MNoles

Fecet Diata I Get 1[0 Cale Comrection: Get 5[] I Get G[r] I Flat Daa sdwanced - =

Uzgl Meseags I Fieacy for feed, Siil
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Setup the sample information

i PDFgetx2 v1.0 build 20040722 =18 1@_7*; '
FIlB SWItEh . Help Select the element you want to add/remove;
H He
Title: Ix'fa.'ﬂ POF Producer: |saks]
Li Be B C N o0 F Ne
Histor\;->| File Autozave; |ON IJuiet:IDFF'I Warking Directony: || / C:AProgram Files\PDFget=2
Na Mg Al Si P 5 Cl Ar
Data File Farmat: — SPEC Custo@a/Batch job | EditExp, Senes | kol ce | se| Tl v | oo | M| Fe| oce| M| ocul| oz Gl Ge| as| se| B | ®
Sample; ||ZI?DEU1 OPd20_lv  Sam. Bkg: | Cantainer: || Can. Bkg. || Rb | & ¥ Z | Wb | Mo | To | Ru | mn Pd bg | Cd| in | sn| sb| Te %
Cs Ba Lu HF Ta W Re Oz Ir Pt Ay Ha Tl Pb Bi Pa At RAn
Detector 8 ¥ Column Det Column Det En C Hin Hmaw Add Sam, Mul Sam.  Add Sam. Bkg Mul Sam, Bkg
ﬂﬂ L Rf | Db | Sg | Bh | He | Mt | wm | wu| wb | wet | wg| wp | wh| ws uuu‘
V1 fcom 1 r||com2 »|[owefy r||000B32% (275064 [0000D00 [100000 {0.0000D0 - [1.00000
p 2 IUnknownlenanUnknownj - “Lanthnacids: ﬂ Ce Pr Nd Pm | Sm Eu Gd Tb Dy Ha Er Tm | b
1| H
; “"Acl\nu\dsﬂ Th Pa u ‘ Np Pu Am Cm Bk ‘ Ct ‘ Es Fm Md‘ Mo
Ewpt. Configuration <| Samﬁ Informam 1[G Setup | Calib. | S[0) Cormections | (5[] Optimization | [ata Visualization |
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Addfﬂzéve Atoms |Sample Geumetry:lﬁylindlical Capilary v|.t‘-\ttE:nuati0n Coef. [mut): |0. 78657000
I Symbol z Yalence Fraction Userf1 [ser f2 Izer macoef 0 . ey
Define the sample chemical composition,
7 T | 07000 {00000 00000 | 00010 h | h ber d .
Cu 23 |00 | 07000 [ 00000 {00000 | 000M0 the sample geometry, the number density
Fd g [om  [om0  [oom  [omm | oo and other parameters.
umber Density : . Thicknezs/Diametermm]: |<. “ ", “ K
N 00485000 200000 Push “Reset Data”, “Get | and then
Optional Info. . .
Packing Fraction: IU.5UUUUU Theoretical mut: IU.?SEEI?EI “CaIC Correctlon" and SO the “theoretlcal
mut” will be calculated. The -calculated
= [13 = ”
Reset Data | Get I[@) Ealchnectlunsl Get 5(0) | Get Gl | Plot Data | Advanced - = | Value pUt Into Attenuatlon Coef (mUt) .
[zer Message: I[M onJun 13 03:41:08 2008] Start to calculate corections ... successfully finished!
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1(Q) setup

] PDFgetX2 ¥1.0 build 20040722

File Switch--> Help

=101x]

Title: IX-ra}I PDF

Producer: ISak8|

History -2 | File Autosave; IDN 'I Quiet: IDFF "l Working Directory: ||

C:Program FileshPDF get<2

DataFile Format,  SPEC Customize .. | Batch job; | Edit Exp. Senes |
Gample: ||Zr?DEu'IDF‘d2D_Iv Gam, Bka.: || Container: ” Can. Bka.: ||

Detector X Column Det, Emr Col.

Himin Hman Add Sam, Mul Sam.  Add Sam. Bkg Mul Sam. Ekg =
W 1 cot1 x||cotz x||Dummy x||000652296 fo7g084  fooooooo  [1.00000 {0000000 - [1.00000
¥ 2 IUnknownjIUnknowndUnknownj

b
4| b

Det. Column

Choose a correct a
X Coumn Format

5[0) Corections | G[r] Optimization | Data Visualization |

Expt. Configuration | Sample Infomation I[Q]SetuplEallb

N\,

\

\___l

# Columt Farmat: Det. Energy Dependence [Dret. Transmiszion Cosf,

™ Container Bkar.

Spline Soale:  |0.000000

Spline Seale;  |0.000000

W X amiz IW X awig: IW

T —Fiat Pl Fikerar 17 Effective Absoption Con. | Furcton Type: [Lnesr  ¥]|| Function Type: [Linear 7]
" Sample [" Sample Bkar. Walue @ Elastic: |1 .00aoa Yalue @ Elastic: IU.95UUUU

I™ | Sample Blar. To?[” Container Bkgr.  [Value @ Fluares: IW ‘alue @ Fluores: IW

To?l_ Cartainer ¥ Cantainer Quadra Scale: IW Quadra Scale: IW

I— I—

¥ Reset Magative Yalue to: |-1 00000 T able File: Table File:
Reset Data | Get|[G] Calz Comections Get S[Q) Get G Plot Data Advanced -2

|Jser Message: I[Mon Jun 19 03:41:08 2006] Start to calculate corections .. successfully finished!
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Setup S(Q) corrections

{1 PDFgetx2 v1.0 build 20040722 N [ 3

Fie. Switch—> el Apply all necessary correction in
T o At order that S(Q) oscillates around 1.

History->| File Autosave: | ON = Quiet:IDFF "l ‘warking Directary: || C:\Program Files\PDFget<2 @ "
Push “Get S(Q)

Data File Format: ~ SPEC Customize .. | Batch ok | Edit Exp Series |
_ Sanpe[[pucuiorazn v Sam Bhg- || _Contiver. | _Cmig: || (O =

Detector # X Column Det Calumn Det. Enr Cal. iy Hna AddSam  MulSam  AddSam Bkg MulSam Bkg — F“Emma;:tmg r — al "%L ‘ ‘ 7
¥ 1 eorr x|[cote =[owmy v|[rz000 [tsooo0 [ooooooo [1ooooo  [mowowoo [r.oogog ot | Z W —
 Zoom r 1
- - - 3o -
|2 IUnknownJ IUnknownJ IUnknownJ _lj & G - ]
d I k ™ Deblich " 1
. . . ; o ) o Quick Dptions: 25 ; ;
Expt. Configuration | Sample Infarmation | [[H) Setup | Calib. {8 (3(r) Optimization | Data Yisualization | ™ PlotError 3 B
[V Plot Legend : :
Method:*  Generic " 1(3) Simu. SetUp:IEIastic 'l ¥ Laue Diffuse Scattering ™" Plot Giltch 20— —
™ Plot Normal L ]
¥ Sample SelAbsorption V¥ Compton Scattering ¥ ‘Weighting Function Type: I<asf>“2 Vl Siyle - r 1
. . Data ﬂ:m 5 —
¥ Multiple: Scattering (2nd only] piofile: Iemperical form vl Dstart |3.DDDDD it |1DD Cpcles: |EDD Select 2y 1 5: ]
™ Oblique Incidence [¥ Rulandwin Func. Width: [0.020000 [~ Edit5@)w; IConst. j +;|D.DDDDD ":I1.DDDDD gulsor;u;\un;g 1 0: ]
T izs0in C ff.:IU.SSUUUU v 03N C ]
FENEMIESEN 02 [ BreitDirac Factor Expa: IE Qstart:|3.DUDUD Width:|1UU E}'CIes:IBUU User Message r ]
¥ Fluorescence T_l,lpe:l Constant 'l - L ]
Soae: 14300000 [~ Energy Dependent: IUE Lingar 'l [~ Smoothing  Gmin: |12.|JDDD Whidth: IS as .
-|0.03500|J -|9.999999 - | i v| i 23.00 L -

™ sy Polarzation a b: " DampFl3) Type: |Gaussian * | Width[44] r ‘ . ‘ ‘

Imterpalate Gmin to 0.0 |L' vl e i ik
I- nerpoaeﬂmln a Inear .

[V AutoScale  manuak ni7eves High [ Rahge: ﬂ BDJ ﬂ % cale: 017276858

Reset Data | GetI[Q) |Ealc Eorrectionsl Get 5[] | Get G | Plat Data | Advanced - =

|Jser Message: I[Mon Jun 1910:04:16 2006] Start to obtain S[q) ... suzcessfully completed!
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Data visualization

o
Command: ¥Y Plot
Fie | semting Lo T S T S o
Mode: reset L buseSHSe -
& Zaom r B
30— -
£ Center L ]
€ DeBGlich — -
Quick Options: - 7
Histary -= | Titles iX-la}' PDF Praoducer: |Preussr I Pl Error B .
v = ¥ Flot Legen - 4
Wwharking Directary: ]' C:WProgram FileshPDFget<2 File Autozave: Cluiet: IR L :
I Plot Glitch ool —
I Plot Nomal C ]
Drata File Format: SPEC Customize .. | Hatch ok Sl L ]
Data #]1 =] e B
Sarnple: I] Sam. Bkg.: ] Container: 1 Con. Bka: ] Selort Style . r 1
Cursor Position: r —
Lol MR 13.3;75 C b
[etett Emr e i il T g SE(T d e || ———— Ter ]
5] = ? JoE s = User Message L ]
o | E || | | ) | — AV, ;
Fz | T o 7| 1 J 1 1 1 ¥ ° ]
& I > C ]
Ex=pt. Canfiguration ] Sample Infarmation ‘ 1[3) Setup | Calib: J S[Q] Camections | G[r) Dptirmization s . e =
\
" Raw Data |F: Edittifg = il " ABsatp o [ =]
13 Conections 5 LB &
) B R £
1[0 Simulations £ M 2 £ H T m
Data Type: | 53] Comections  [Corrections: = F i € ' Tiel, Effick ﬁ-l—f""l ,f'lrll L ' : st
53] to F(Q) i ASFweighted  © Lser Edit " Smooth BowCar i: || |1 - ~ d
LA o of o
& i i 1" Bwliioty o G | S e
Gir] Opt. " Damping Func. ¢ min Interp. i Fld) il -""\J \J J |
 Ptiem
™ Glr) aNIEl| | I FlorLaged \
™ Calibrations e C el T Coel i | ::x \ :
e e . —
Daia Bf1 =]
Reset Data ] Get [[Q] ‘ Calc Comections | Get 53] Get G(r] Flot Data Advanced -= sz | \\‘\‘
Carmw Fosfier \\ -
User Message: ]Head_l,l for nest, Sirl : 1?1-:: \\ |
-
10— \\\ ]
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One example — is the high Q needed?
First coordination shell of D(r) of the Zr ,Fe,,Cu,, glassy alloy.

1.0

’QS 4 — Q1.3 190)A" |
c — (1.3, 16.0) A"
i) 14 +08
5 24 — 13, 130)A
E — (13, 100A"} &
S 4 L06 2
— -1 c
= z
5 2
T 04 -04 c?
3 Zr-Cu >
3 ZrFe
8 1 0.2
2
Rl CuFe
x Fe-Fe

'2 T T W T T T T T T T T T T T OO

.
24 27 30 3.3 3.6 39 4.2
rA

Shortening of interatomic Zr-Fe and

Zr-Cu distances about 35 % is
observed.

16 18.2.2011

Atomic | Interatomic X-ray
pairs | bond lengths | weights wy
[4]
Zr-Zr 3.200 0.4660
Zr-Cu 2.878 0.2313
Zr-Fe 2841 0.2020
Cu-Fe 2.519 0.0501
Cu-Cu 2.556 0.0287
Fe-Fe 2.482 0.0219

We need the Q vector as high as
possible in order to improve the
resolution Ar in the real space.

Ar = (Qmax B Qmin) In
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linear absorption coefficient pi(x)

X-ray absorption

I(x) —
l | = 1€ H(E)X

XANES - Near Edge X-ray Absorption Fine Structure
(up to 60 eV above the edge)

EXAFS - Extended X-ray Absorption Fine Structure
(from 60 eV to 1000 eV above the edge)

absorption edge

E, - threshold energy

E, Energy E [eV]

17 18.2.2011

Fermi golden rule

H(E) O Zf:wa ‘*‘A‘?-r Wi >‘25(Ef -E -hw)

Kontinuum

Kontinuum Kontinuum

fotoelektron
HNN

hd
Il M

l” M

—teeee—|

—’-oam-o“a—M

——eo0000— |
! 1

K, |

—eotee— |
rtg. Ziarenie i B . K '

7 o

Aok o K H K

characteristic x-
rays are emitted

emission of a
photoelectron

Auger’s electrons

are produced
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X-ray absorption fine structure signal (XAFS)

Explanation

XAFS of one atom o ]
(inert gases) \

1.57 ]

<]

0.5¢

_
0_

—200 0 200 400 600 800
Energy from absorption edge (eV)

\' XAFS is the result of interference effects

of outgoing and backscattered photo-
electrons.

XAFS of two atoms L4

) | Oscillations of y(E) are an unique fingerprint
S a0 oo oo Of @ local atomic structure around an absor-
Energy from absorption edge (V) b| n g atom.
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Experimental realization

Setup of the X1 experiment a b v b g
entrance slit o i .

exit slit monochromator

ionisation chambers ' Il

Ic; goniometer | Al windo

(“&«-ﬂ“q L

Be window

Modes of realization

Transmission mode: the most preferable, easiest for
realization and data correction

Fluorescence mode: characteristic x-rays are
detected

Total electron yield mode: electrons are detected "

> -
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Experimental realization — practical aspects

Transmission mode — a sample must be homogeneous with constant thickness, absorption
U(E)X < 2.6, not too low concentration of absorbing atoms

Zr Kedge
1.0
fluorescence
transmission
5} f>L<T 0.8 —dlassy Zr Cu, Fe,,
X i = —— crystalline Zr foil
Fe73.5CU1NbSS|3.5G610BQ ;
Cu K-edge S
0.6 in the case of a crystalline structure,
the oscillaction of ((E) are much more
| prononced as than in the case of a crys-
d talline structure.
T T 04 . . .

T T T T T T T T T T T T u T u T
8900 9000 9100 9200 9300 9400 17800 18000 18200 18400 18600 18800
E [eV] Energy [eV]

Example for a Fe,, .Cu,Nb,Si, .Ge,,B, ribbon:

absorption y(E)x =2.0 low absorbing element concentration results
Fe K-edge: x = 8.5 um Cu K-edge: x =15.2 um iIn spikes and strong background talil
Nb K-edge: x =85 uym Ge K-edge: x =21.9 um contribution

.

\ “%%‘ {\
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Data processing

TIupul file. &, wlE)
sehip file

Usually palyncmial function:

v

Fluarescence Bode! fy=h

Tramsmission maode: jiy=1E-7—&

il
-

q—p[ Start: Read files ]—l

.
Pre-edge background

aF 1 Ao s i Smaniaing onre

for ewmample: o smicothing spline

correction j,(E)

:

Poat-edge background

F

corrcetion j¢

b

@) af the hal? of an absorption cdgs
by at the mazircum of the first deri-

()=

(B — 1, _ﬂo(Ej"

Ve
\ 1 E)

Thresheld energy
determination Eg

.

transtormation to f-space

S~

JE)= y(k)

—{ K d Ky estimation ]

= -
( Ouasi atoniic distri-
\{mn‘on [Timction

h )

Y

Fourier transformation
FT(k) i r-space

Is without am umplnsical
peak at lev ryvalues (<1 6 A)

[ chi*k*2

Fle View Processng Window Help

% VIPER - D:\§tevo\EKAFS\1rCuFe_edges_[XAFS\jiang_zrlecu_1Dmicru Cu_k_00001.fio, \jiang_zrfecu_10micro_Cu_k_00002.fio

I instrumertal deconvolution pie-edae backamd up: polnomial
g 4fE211 v vishle
nomalize to

A \/ﬂ\/\\/ AF

& uplEHulE) © jump=1.777
; - post-edge background g
| - l:l 2 S through the knots
|| T mulie and ifetime deconvolulion - | smoothing spiine
i (" bapesian smoothing

l:l reqularizer 5304245 = Find

il [ ¥ assume resemblance to

. l:l = @ step [ with whiz ine
il e smooth E,‘! times
|| o827 |4y Location. | O /
L E1R O i derivative " caoulted g 101 e

! i -equidistant k-grid
(| imink l'l Y gid size, dk

E 1512« numof nodes
e [E12]

X:‘ sh\ft" e

¥ asstme known eft end

Clote Subtract..  Comections..

573 data points

[~ sumclosepls | hodes=536 Save params | Load params | 7

05 ]
i i i | ' i
6800 000 5200 3400 9600 3800
CUTTE =4y
m.-' J‘r/'r HATE L o N e S P EVRENE P2 B A U P BV PR PR TS

Yes

DATA FITTING
(structural optimalization)
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Data processing

TIupul file. &, wlE)
sehip file

q—p[ Start: Read files ]—l

VIPER-D:\§lew\[XlFS\IrCuFe_edges_[XlFS\jiang_zrfecu_1ﬂmicru Cu_k_00001.fio, \jiang_zrfecu_1Omi

File ¥iew Processing Window Help

HH’ M7 e FTay €4

L

BEE

i 1 B [~ insl I \r:i’ I [ pre-edge backgmd g palynomial
Usually palyncmial function: Pre-edee backaround A s ] | AP 20T 1) e e
| S B 4 o e E—
P Transmissior moce: fy=aki-k correction j4,(E) = F ) C et 77
FLLIG ESOSFICE FIOGE! &f{:b 2 il pist-edge background g
l 1 ; l:l (™ through the knots
| I muli-e and lfetime deconvolution - | & smoothing spline
/\ /\ /\ /\ | il la k{2 (" bayesian smoathing
for emample: a smeothing pline Poat-edge background A /\ | N ’e,g-;‘aﬂzer: tFmd
. . < . - gt [V 3ssume resemolance (.
ar 1 Reesion smantining mure - correction e W nJ j o ] e[ s hietre
' | .E smooth E,‘! times
|4 I 15» Locgtion... | | i/
i g 142 € ma deivative  caloulaed g 0! |
: " dstantkegid— | ¢ =
o (=, — (B [
P [/E) = r — ‘ ; ‘ ; | -2 o 15’* i e W assume known left end
\\‘-‘_ 'UJ ',\)E‘: J 4 & 8 . 1 : 1995 data DDIN: Close | Subtract... | Conestions
l [ aum closs pts | hodes= 373 Save pararns | Load params | ?
@) af the hal? of an absorption cdgs bt j
by at the mazirrun of the first deri- Thresheld encrgy s /\
—l T q q = ! 4
detetiminatinn E{) 10 :
' '3
= o 15
. g:\ﬂﬂﬁ:tmﬂzlﬂll to k—.?}h’f{?@ )
7 5 o 2
YE) = (k] 1
1
| K d Ky estimation ] i ; : W ‘ = : : :
L R I 300 000 9200 3400 3600 3800 il 2 4 ] ]
B L e A 2 A A T o A 2 e e e
A J
( gHMI aiomic distr Iv._, Fouriar transformation
unon fimcrion AV 10 7-spae
< . FT(k) i r-space
B h J
No Is without am: unpinisical Yes DATA FITTING
_I'-'E:-’ffjf' at leve ryvalues (j‘.:::' Lo ‘j",h (StrUCtural Optimalization)
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Data processing

Input model signal
FEFF software

A 4

DATA FITTING
(structural optimalization)

A 4

Output: N, r, 0, AE,

Fe foil

exp. data
final fit
——— 1% subshell
—— 2" subshell

FTIKx(K)|

08

li e FT G G g B By fhi

B

mheadeid

=

s

I instrumental decorvolution
e

™ mulé2 and lfetime deconvolution

ko .
9932726 |4»  Location...
%142 © ma denivative

- enuidistant k-rid-
s Hf' * gid size, dk
e [1204 (M| T pum of nodes

g 10 12

1398 data points D025
[ sum closs pts | odes= 373

YU through the knols

L
[

pe-edge baci<gmd Lug: palnomial
42401 ¥ vishle
noimalizs to

& pglERlE] © jump=1.777

— past-edge background g

(" smoothing spline
bapesian smoothing

egularizer |2 75e+5] 5 Find

| assume resemblance to
@ clep T wlth white e

smodth E oo fies
o A e

" calculated g i |
<05 |3 shn[L00 40y
W assume known [eft end

Close| Subbiact...| Conections.

Save params | Load params | 7

I O

05

300

Ordinary fitting

 single-edge
 muliple-edge

shel #m : of -

il by K, = : 4

=

)

Hing g — | 2218 R ‘F:err:iloun! [5/3][ ;] SORATIA
K o | number of neighbars (1220175 |5 = |
St )1 | | O factor 2 Enn?tram | Start
e ‘ :I ED comection 0007809 | 5 Statisies.. | Base.
anpliude kphase P [ 4 Selup.. Help 1
To atvenced mode. | EH00TLdeE 1200 Cu 25527
e o 3500 00 i
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One example

Fe73.5CU1Nbssi(ls.s-x)Geng EXAFS —real space

GeQ —
Gel Fe K—edge
XRD - real space e —
p Gel0 ——
Gel3.5 ———
1
GeQ) ———
Gel3.5
P 6 weights for GeO 109
ot / weights for Ge13.5
Q p Y
§ 4 "I \\ %
s 2 | ' e
3 i \ £ £
5 | £ =
‘~§ § Ge K—edge
3 0 ‘ :
N
< S
3 ,/’ B R 3
= g L v .
2.2 2.4 2.6 2.8 3 3.2
r [A]
0.5 1 1.5 2 2.5 3 3.5 4
r [A]
UNIVERZITA PAVLA JOZEFA SAFARIKA V KOSICIACH =
24 18.2.2011 Prirodovedeckd fakulta ﬁ
PF UPJS v Kosiciach wember of e ] : o
Moyzesova 16, 041 54 Kosice E U Mudrost’ minulosti — poznatky pritomnosti — vzdelanie budicnosti. \/
www.science.upjs.sk A




Principle of RMC modeling

The aim is to minimize difference between
functions obtained from model and experiment

2_1m exp _ RMC2
wr=53 e -]

Box of ~ 10 000 atoms How??7? Experimental data:
T « XRD, ND, ED
S R 1. Move: « EXAFS

One particle is moved randomly taking into
account applied constraints. * SAXS, SANX

2. Acceptance of the move: Result:

First the experiment-model difference is We have an 3D structural

calculated . . .
If w2, < v, the move is always accepted. model which is consistent
g If y2.,1 > w4, the move is accepted with the with experimental data.
: robability exp[-(y?2,., - w2.)/2
with constrains: > Y XLy - y50)/2]
* minimum interatomic distances
» atomic density
3. Settling:

Everything is repeated until w2 begins to
oscillate around a constant value.
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Structural factor S(Q)

One example: RMC modelling of
a binary Aly,Ug glassy alloy

XRD EXAFS U L3-edge
' " RMC - ‘ ' ' ' " RMC
3t experimental 2 ¢ experimental
2t —
S
1t . O3
< 0t
ol
1| | -1 r
-2 : : : : : : ' ‘ -2
0 2 4 6 8 10 12 14 16
Q-space [A7] Q-space [A1]

Nice match is obtained between experimental data and model data
produced on the base of Reverse Monte Carlo simulation

We can perform analysis of the produced 3D
structural model.
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RMC modeling

Partial atomic pair distribution functions can be directly calculated !!!

EMC —— - Py A —2—
3t SM = 7t HOM o
B F
5t
— 2 i
=) = 4+
3}
1 2
it
0 A
1 ) 0]
r=space [P‘]
3

RMC —a—
(el [HT=] Y [—

gi(n

7 8 9 10 11 12
r-space [A]
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RMC modeling

Distributions of coordination numbers can be evaluated !!!

3504 a) g .9 -4l pairs b} e Al-Al pairs
300 e S 2500
' —|-HsSM i —- H5M

@ 250+ - @ RMC @ RMC -mu%
= =
@ i =
E 200 L1500 8
i HZI*.'.IIIIG

100

5 - LS00

- L

M 12 13 14 15 168 17 18 19 20 21 22 7 8 8 10 11 12 13 14 15 16 17 18 1% 20
Coordination numbear J'l.l'_!J " Coordination number NM”

. Mudrost minulosti — poznatky pritomnosti — vzdelanie buducnosti.
Moyzesova 16, 041 54 Kosice P yp
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Conclusions

* high energy x-ray diffraction: from the structural factor
S(Q), the pair distribution function D(r) is calculated —
a local atomic arrangement around an average atom Is
seen and long range correlations are detectable.

e X-ray absorption spectroscopy: an element sensitive
method, the nearest neighbouring of a specific type of
atoms is observable.

 Combination of XRD and XAFS: compact information
about amorphous structure can be obtained.

 Reverse Monte Carlo simulation is a method which can
be used for modelling of a 3D disordered structure in a
real space.
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Preco kovoveé skla?

 VVyborné mechanické vlastnosti

vysoké hodnoty medzi pevnosti, lomovej
hazevnatost, tvrdosti, vyborné elasticke

vlastnosti...

* Vyborné magnetické vlastnosti
magneticky makké materialy

 VVyborné antikorézne vlastnosti

« Zaujimave termodynamické vlastnosti
existencia teploty sklenia T, vyrazny
pokles viskozity, lahka tvarovatelnost
materialu

Nevyhody
» obmedzena schopnost sklenia
 neexistencia oblasti plastickej deformacie

UNIVERZ|

Fracture strength, ¢, (MPa)

[cm]

Critical casting thicknes
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Predmet mojho studia

Charakterizacia neusporiadanej Struktury kovovych skiel s vyuzitim
vysoko intenzivnych rontgenovych zdrojov

crystalline amorphous

Metallic glasses are a new class of
engineering materials having an
amorphous structure on atomic level
and unlike metals, they can be easily
deformed at high temperature.

2500 -
__ 2000 -
&
P
g els Glassy Alloys
\ B
$ 1000
@ Tit@nium
500 lloys
_mSilica Wood Polymers
0 - - :
0 1 5 X

Elastic Limit )
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Zhrnutie: vlastnosti SZ

1 026

1024 - .

vysoka intenzita 22

107 IF N

B b PETRA il _

20 | X-ray Undulator
10 a
| VUV-Undulator
18 i
10 - 3. Generation ’_\ -

1016 — PETRAII

nizka emitancia, SZ je takmer Uplne
kolimované

vysoky stupen linearnej alebo
eliptickej polarizacie

1014 -

Wiggler
DORIs 1II

Siroké a spojité energetické spektrum |
2. Generation

1012

Bending Magnet

pulzny charakter ziarenia na urovni
nanosekund

1010 — CuK,

8 X-ray tube

10" I~ -1

0.0 MT

Average Brilliance [Photons/(s mrad” mm” 0.1% BW)]

10 10 10° 10*  10°  10°

Energy [eV]
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2.5+
2.0+ M
1.5+
1.0+
o.sw
0.0 +—T—T——7—

2 4 6 8 lfJ[A? 14 16 18 20 22

Autokorelacna funkcia atém. parov g(r)
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