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ETANMUA POBOTH
ONA peHTreHiBcbkol aAudpakroMmeTpil
(meTon nonikpucrtany)

» 111AroToBKa MOIKPUCTAIIYHOTO 3pa3Ka 10 3MOMKHU

» 3iioMKa 3pa3Kka Ha Ju(ppaKTOMETPl

» IlepBunHa 00poOKa AUPPAKIIMHOIO MACUBY: KOPEKITiS
Ha ()OH, MOTJIMHAHHS, “‘CrIaJKyBaHHS  JU(pPaKTOrpaMu
— IIPH IOTPEOL.

» [apexcyBanHs gudpakTorpaMu

» Inentudikaiiis a3z METOAOM PEHTTEHIBCHKOTO
(dazoBoro a"amszy (PD®A)

» Penrrenoctpykrypamii anani3 (PCA): PosmmdpoBka
KPUCTAIIYHOI CTPYKTYPH PEUYOBHUHH 13 HEB1JIOMOIO
CTPYKTYPOI / YTOUHEHHS KPUCTAIIYHOI CTPYKTYPH
MeToaoM PiTBenbaa



MA)A(J%%!}?YR!:TETCI:KA HAYKOBO-HAB4YAJIbHA JIABOPATOPIA PEHTTEHOCTPYKTYPHOIO

|bKa OIAMLHICTL KopucHi pecypcn

3BOPOTHIR 38'A30K NeBiECEEH HAWIOHANEHIA YHIBEPCUTST iMeH| IsaHa ©padra

https://labs.Inu.edu.ua/x-ray-structure-analysis/




PEHTTEHIBCHKA JA®PAKTOMETPIA
(METO/I MTOJIIKPHCTAJLY)

DyngaMeHTANbLHI BiToMOCTI

PeHTreHiBCbKe BI/InpOMiHI-OBaHHFI = BuHMKae BHacnifokK 3iTKHEHHSA eJIeKTPOHIB,
: WO BMXOAATDb i3 KaToAy i3 BEeNIMKUMMU LUBUOKOCTAMMU,
eJfieKTpoOMarHiTHa xBuns

3 maTepianom aHofly peHTreHiBCbKOI TPYyOKu



PEHTI'EHIBCHKA TIMOPAKTOMETPIA
(METO/I IOJIKPUCTAJLY)

[N

28

KoXkHa pevoBMHa y KpUCTasniyHoOMy CTaHi Ja€e CBOKO
BNnacHy, iHaOMBigyanbHy AndpakuinHy KapTuHy, gKka €
1D-npoekuieto y Bunagky nonikpucrtasnivyHoro 3paska.
|laeHTUikauia peHoBMHU — PeHTreHiBCbKUI ha3oBumin
aHanis (P®A)

PoswmndpoBka Ta yTOYHEHHS KpUCTanivyHol
CTPYKTYPU — PEHTIEHOCTPYKTYpHUIK aHani3 (PCA)




TUNOBI CKNAAQOBI YHACTUHW PEHTTEHIBCBKOIO
ANOPAKTOMETPA ANA METOAY NONIKPUCTANY

Kommieke “STOE Transmission Diffractometer System STADI P” rEOMETPISI OEBASA-LIEPPEPA,
(STOE AUTOMATED DIFFRACTOMETER FOR POWDER) MOOU®DIKOBAHA lMNHbLE

(Ha npoxoaxeHHSA)

STOE & Cie GmbH :
HilpertstraBe 10 Pik 3acHyBaHHsA — 1887

D 64235 Darmstadt  [(epLui npunagm — ONTUYHI
roHiomeTpu

S D E NMonikpuctansHum gudpakrometp APOH-4.07
FTEOMETPIA BPEITA-BPEHTAHO (Ha BinouTtTA)



TUNOBI CKNAQOBI YACTUHW PEHTTEHIBCBKOIO
ANOPAKTOMETPA ANA METOAY NONIKPUCTANY

» CUCTeMa 3aMKHEeHOI LMPKynsiLil Ta OXONnoAXXeHHs (areHT - aguctunsosaHa H,0)
» CUCTeMHUM BnokK 3 kepyroyoto nporpamoto “WinXPOW?”.

A T -

r
STOE WinXPOW User : Admimstrator
User Diffract.1 Diffract,2 RawData Cell Phase Analysis  Extras Help

Licensed to

User Mame

|Administrator

Directary
|C:'\,Ch emProgiWin<FPOVADATA

. Change Directary

For Help, press F1




TUNOBI CKNAQOBI YACTUHW PEHTTEHIBCBKOIO
ANOPAKTOMETPA ONA METOAY NONIKPUCTANY

> BUCOKOBOJ/IbTHMN aBTOMaTUYHUN
reHepartop

Seifert ID3003

U, . = 60 kV

| hax = 80 MA
P = 3500 W
Pobounn pexmm:

U=40kV, | =40 mA




TUNOBI CKNAQOBI YACTUHW PEHTTEHIBCBKOIO
ANOPAKTOMETPA ANA METOAY NONIKPUCTANY

> .D,eTe KTOP Scintillation

detector HI-STAR / CDD

® small spot measured B large 26 range measured M large 26 and chi range
B scan necessary simultaneously measured simultaneously
B |ong measuring time B medium measuring time very short measuring times

m measurement of oriented

samples and very small
sample amounts

IHTepdrenc audpakromeTpa Ta MiHINHOIO
Nno3unuinHO-4yTNnBoOro getekrtopa (linear
Position Sensitive Detector, PSD)




TUNOBI CKNAAOOBI YHACTUHU PEHTITEHIBCbKOI'O

ONOPAKTOMETPA ONA METOLY NMONIKPUCTANY
> [>xepeno ioHi3yro4oro BUNPoOMiHKOBaAHHA — PEHTIeHIBCbKa TpybKka Ha 2 BiKHa

> If_oniomeTp




Cruagosi komiuiekey “STOE Transmission Diffractometer System STADI P”
> TliHinHnn no3unuinHo-vyyTnueum getektop (linear Position Sensitive Detector, PSD)
> I'IpMCTaBKa Ha I'IpOXOLI,)KeHHﬂ

> [lpnctaBka Ha kaninspwu "
(Oebas-Leppepa)

b |

» TunoBa npuctaeka Ha BigoUTTS
Ta Habip WwinuH (reomeTpis
Bperra-bpeHTaHo)

-

-
-
"
F




MOAUPIKOBAHA I'EOMETPIS I'NHBE
“STOE Transmission Geometry”

Primary line

~~«—First line

X-ray

Transmission
source Second ’

cylindrical sample

Monochromator

Knacun4yHa reomeTpis NHbE

MogudikoBaHa reomeTpisa lNHbE
(Ha NPOXOKEHHS)

Position Sensitive
Detector (PSD)

curved
monochromator
collimator
X-ray tube

primary beam

/,



IOCTYBAHHA IN®OPAKTOMETPA

Po3aisienns ay0Jiery o, ,, B, Bugiienns Ko, -/iHil Ha MakcuMaJIbHY

iIHTEHCUBHICTH Ta By3be HIMPUHY rmcy FWHM

Scan Centie

I"S 44,1422 !
Step Size NSt
i |101

[V Check Alphal
Mano ion

Intersity Integr. Breadth

____ Completed
NENERRERERERRI

il

Scan Centre Time

0.0 20

Step Size MSteps
20

2= 1540 A = 2d,sin0

\/ -
K
o(K) ] o p— Observed Centre
Ge lattice il 0.003, 0.000
planes | .
ntensiy htegr. breds
d ¥ | Inberizit Inteqr. Breadth
- | | 19557 0073
Koo Kg |

| Completed
7=1.540 A N
H

\ \/ I|| 'II
13.62° [

Ge lattice - — e
planes

d i
d=3.27A Koo Ke




IOCTYBAHHA INOPAKTOMETPA
CymimeHHs oci roHiomerpa (1uppakroMeTrpa) i HEPBUHHOIO IPOMEHS

Baseplate Fixing Screw

i Facolt Video Version 1.16 IEEE 1394 Filo -

Pt

®) 326

ange [0
Optics Scale [ 0.00L48

HE,L Distance

Aids
Start Wideo | Cross Beam s2e Aceiracy Calkc Add)
Stopides | [Eraal Powder |{0.5 0.1 =3




JIHIHHUA NO3UIIAHO-YYTJUBUU JETEKTOP PSD TA HOT'O KAJIIBPYBAHHSI

Calibration Parameters

Linear PSD

x|

~ Calibration Curve [changed]

Calibration Peak.
First PSD Address
Last PSD Address

Measuring Time

2T heta Interval

Address Check [changed)

Position

Omega Position

o]

Measure Calibration Curve

Measuring posiion 1201 78 PSD Centre = 31.28

Stop Measurement ]

. 2000.0
Stepsize = 0.005
|28.443 1600.0 ’
|1 260 3:
IE‘BUB 3:
12000
|3U 32 <
IEI.]
200.0
|25
4000
|1 4221 .
DD —
500 1500 2000 2500 3000 3500 channel
Cancel |
- |
1 .
A == -
a0 R bean
| Addess Position Delta Imax Inkenzity 2 S . \\
K 145 28368 0.000 - o 5o - )
1247 28.273 0164 96 B85 = Con
~ 1269 28.286 0157 165 249 A -
v 1290 28,293 0.150 195 235 - e T LT
v 131 28299 0144 195 55 T Rataert
~ 1333 28.308 0137 219 299 !
v 1354 28314 0129 203 273 =
~ 1375 8.320 0123 215 245 E n [ I I a0l
~ 1396 28324 ong 210 ZBE -
~ 1418 2830 0112 239 279
v 141 28336 0107 233 27.3
11
L] == - il . pemer =7
4| | 3 = a
Progress: [N Measunng




®IHAJIBHUM ETAII IOCTYBAHHSA TA KAJIIBPYBAHHSA - KOHTPOJIbHA TECTOBA
3HOMKA CTAHJIAPTHUX MATEPIAJIIB NIST SRM

Material
Silicon
Fluoro-Phlogopite
o-Al,O4

LaBg
o-AlL O,
o-SigN,, B-Si;N,

SRM Number
SRM 640b
SRM 675

SRM 1976

SRM 660
SREM 676
SRM 656

Certified for

d-value calibration
d-value calibration

ntensity calibration,
nstrument alignment

profile analysis
quantitative analysis

quantitative analysis

s
.i{%’hm

e o . -
%%E National dnstitute of Standards & Ceclpalogy

Uertificate of Analysis
Standard Reference Material® 676

Alumina Internal Standard
tor Quantitative Analvsis by X-ray Powder Diftraction

il nlemced primaly

wlin] Kelerence Mil=mal (SIM] oo
| slmatarcd G el

s an Tl o ol 1], wee [2T)

< By ey powder dilacion. A il ol RRM S76 conssls ol appaosinni=l

0w ol poder Toltled

ran argan almesgheEe,

Muterinl Deseription:  The powder consisls ol sob-mterneter equ-asnl ahonma grans Gel live been

atled and calvmed. The s e o ellectively alirmles prelarad maenlbion ellecs wn

O'.—Quaﬂz SRN" 19?83 quanhtatlue Elﬂa|‘j,fSIS e lmm-_:-,'_. ﬂ;];j;l:-nggmr_;n:cd state of this materal casures the homoseneity of test mixtwes proparcd b
Grlstﬂba“te SRN‘] 19?98 quantltatlue anal}(‘s's Am aratusic af the lakine narcmekere dsermined from Warew noamcder diffraction et indisetad thet fhe SRLT
) o ) Table 1. Certified Relative Intensity Data

a-Al,O,, ZnO, TIO,, SEM 674a quantitative analysis

— e Reflection Scan Angles Relative Intensity

v Jm;‘mn'f'&m_" (hkl) Low High Value Uncertainty
T

012 23.9° 27.1° 5796 = 1.80

National Bureau of Standards 104 BE 365 §740 t 065

110 36.5° 38.8° 3632 £+ 0.19

113 42.0° 45.0° 100.0 + -

“:1,‘ * 024 50.7° 54.0° 47.18 + 041

ﬂ Iflﬂlh? 116 55.7° 58.9° 9559 & 1.21

124 65.1° 67.2° 36.02 £ 0.78

. 030 67.2° 69.6° 5575 + 1.26

Standard Reference Material 640b
Silicon Powder 2i/d-8pacing Standard Table 2. Certified Lattice Parameters of SRM 676
for X-Ray Ditiraction Lattice Parameter nm A
a 0475919 + 0.000 044 4.759 19 + 0.000 44
This Standard Relerence Maesial (SEM) was prepaned R use as ether o externsl o inecnal 28 'd-spacing calibration C 1.299 183 £ 0.0000174 1299183 = 0.000174

stnndard for poeder diffreomerny.

SEM Adilb i a high-pority silicon pewder prepared by gronding electionic grage silicon rods, followed by jer milling 10
reduce e particle size. The median particle size (dg), based oo a nass-weiphied distribotion s deseomived by x-vay sedi-
wraph, is about 3 gong 9% percent of the particles on a sass basis have an average diameser besa dan 10 o,

Si NIST SRM 640b (1987 p.)
a = 5.430940(35) A
M(CuKo.,) = 1.5405981 A

T =298 K

A wlal of 23 samples was mised with wngseen nod silver internal standacds [17 nod measured nsing teo automarzd high
angle gonsonscters. The Coke | peak position was deteemined by sccend derivadive and prafile ficting procedures and was
them corrected o effects of termal expansion. The peak positions were eorsected for sample, instramental, asd phyrical
mhermtions [exeepn refraction) throngh wse ol the anteenal stmdard lines [2]. The fauice paroneter ot 2087 K ol sach o
ihee 25 sanples wis oblained tcugh a keast squases refineoent of e corvocted 28 valiees, wsing NBSPLS0HS. a vorsion
uf the ke parameer relinzmeat program of Applonan asd Evans [3]. The weishied avevape of the 23 laiee parameters.
ungorrested for refraction, al 298.1 K is

T - 543000 £0.000035 &



®IHAJIbHUM ETAII IOCTYBAHHSA TA KAJIIBPYBAHHSA - KOHTPOJIbHA TECTOBA
3HOMKA CTAHJIAPTHUX MATEPIAJIIB NIST SRM
CyMileHHs1 po0040i IVIOIIMHUA KIOBETH 3 BiCCI0 TOHIOMeETpPAa

Si NIST SRM 640b (1987 p.)
a = 5.430940(35) A
(CuKa.,) = 1.5405981 A

T =298 K

BiarBoptoBaHictb STOE STADI P
a = 5.43094(2) A
a = 5.43093(3) A — no PitBenbay

Transmission Sample Holder

[MpuctaBka Ha NPOXOAKEHHS

IHTepBan 26 = 2.000 — 136.000

Moxke ByTn BUKOpUCTaHa i K NpucTaBka
Ha BigbuTTa (cxema bperra-bpeHTaHO)
IHTepBan 26 = 24.000 — 125.000

[MpuctaBka Ha kaninspu (cxema debasa-Leppepa) CAPILLARY
IHTepBan 20 = 2.000 — 96.000 SAMPLE HOLDER
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THE 5SEARCH OF A ZERO-POIHT SHIFT I3 UNSUCCESSFU

SO0LUTION HUMBER 17 1

CUEBTI
DIRECT PARAMETERS :
STAHDARD DEVIATIONS :
REFIHED ZERO-POINT SHIF

SYST
C.43894
A.088082

K L DOBS DCAL DOBS-DCA DIF.2TH:
1 1 3.13573 3.13559 A.04 28 .41 28442 -0.801
2 5 1.92812 1.92014 -0.p0d02 47 .383 L7.383 a.8m
1 1 1.63746 1.63758 -0, /00004 L6.12Y L6122 a.a02
A 5 1.35778 1.35774 -0.00004 69132 69.138 a.a02
3 1 1.24596 1.24595 A. 88aa2 76375 F6.376 -8.8m
2 2 1.18868 1.108859 a. 8881 88.829 §8.838 -9.80
3 3 1.84518 1.84519 -@.60801 o4 _9%h oy _952 8.8
1 1 1.84519 -4.98001 oy _952 8.8
L 5 A.o65008 0.926007 186.706 186.708 -08.003
3 1 A.918068 O.91808 A.008 114,892 114,892 d.808
2 5 A.8587Y8 0.85871 A.80000 127.546 127.545 a.8m

*= HUMBER 0OF LIHES
.— LIHES IHPUT = 18
.— LIHES IHDEXED
.— LIHES CALCULATED
# MEAH ABSOLUTE DISCREPAHCIES

o1
= -k
o=

<0> =8_1681E-04

<DELTA{Z2-THETA}> =8.1318E-02

MAX . ERROR ACCEPTED (DEG. 2-THETA) =8.2580E-M

* FIGURES OF MERIT
1.- M{ 18)
2.- F{ 18)

896.6
169 .6(8.8813, 45)



==>» ATOM PARAMETERS:
Si NIST SRM 640b at STOE STADI P

Hame X 5% u sy z sz B sB occ.

16000 T T T T T
Si 8.12588( a) B8.12588( 8) 8.12588( @) 8.882( 32) 8.4 u . ]
14000 - sisrmf40b_1203 prf b
==> PROFILE PARAMETERS FOR PATTERH# A1 s Yobs ]
12000 - Yealc -
=» Gell parameters H B Fobs—Yoalo ]
L.43893 8.80883 10000 - Bragg_position —
L.43093 8.008083 N ]
E 8000 ; _:
95 EBBBB 8. BEBBB g 6000 [ J
90.00000 0.00000 g - ]
E 000 [ 3
=> overall scale factor : B.000000844Y, A.000000004 S - .
=> Eta(p-v) or mi{p-vii) : 8.19041 8.082362 2000 - =
=» 0Overall tem. factor : g.980009 g.00008 - % 1 1 i i .
=> Halfwidth parameters : 8.88713 a.00112 o | A 4 -
-8.88283 B.88166 - \ [ \ \ \ | \ || | ]
8.81857 A. 80851 -2000 = .
=» Preferred orientation: 9.08000 E aanoo 5 ]
4000 - L ‘l' PR T . M .\ M P T | .
=» Asymmetry parameters : 2 40 60 30 100 120 140

ﬂ 1621 a.80291 20 (%)

ALROA STM 676 standard measmed ak STOE STATHT

=» & and y parameters :
1300

a. ﬂﬂﬂﬂﬂ ﬂ aoaan T T T T T T
=> Strain parameters 5 0.00008 0.00000 ; .
0.0000808 0.080000 ;
0.066068  0.000800 e F . : ,
=> Size parameters (G,L): A.000088 A.008a08 o . i ::ﬂ
0.000006  0_00000 i — e

T
H
H

Bu el

==> GLOBAL PARAMETERS FOR PATTERHH# 1

100

Roi

=>» Zero-point:
=» Background Pol

0.08888 a.0880
promial Parameters ==»
34.99088 B. 497443

Tavtransdiy fierfr. acredtsh
TT1

-48.9924 2.14653 i
88.1837 3.980889 h ]

-86.0976 12,8132 e F d Laald 2- 44&L4¢iﬁ.
45 _GE70 13.7462 - 1] I 1 (111 [

965 4.65819 L

=100 | L 1 L 1 1

=» Cos{ theta)-shift parameter
=» Sin{2theta)-shift parameter

3 X 7 a 1 Lt
E YD




THE INTERNATIONAL CENTRE FOR

DIFFRACTION DATA (USA) R
CERTIFICATED

™

Grant # 05-06 Diffractometer STOE STADI P, # 6.11.KL 61249, 2006 year production.

TECHNIQUE

RADIATION TYPE, SOURCE  X-rays, Cu A VALUEUSED 1540598 A, Ko,

A DISCRIM. (Filters Mono, Etc.) Primary beam, curved Ge Mono.

A DETECTOR (Film, Scint, Position Sensitive, etc.)  mini PSD (linear)

INSTRUMENT DESCRIPTION (Type. Slit, etc.) 130 mm horizontal diffractometer STOE STADI P,
Transmission mode (equivalent to Guinier geometry); distance from X-ray tube focus to monochromator
260mm, distance from sample to detector 220 mm; monochromator blade, horizontal slit system, vertical slit
6 mum, short collimator for transmission mode, vertical reducer slit 4 mm on PSD, a two sets of Soller Slits
on primary beam and on PSD entrance window. DIV=0.3 REC=

INSTRUMENTAL PROFILE BREADTH  0.095 °28 56.122 (S1) TEMPERATURE (°K) 296+0.5
SPECIMEN FORM/PARTICLE SIZE Powder, spread evenly on the transmission foil with diluted glue
or vacuum grease / < 30 pm

RANGE OF 26 FROM °20 TO °20 SPECIMEN MOTION Sample spinner
INTERNAL/EXTERNAL 26 std (if any) S1 SRM640b LATTICE PARAMETER OF 20 STD 5.43094 A

26 ERROR CORRECTION PROCEDURE sample shift refinement

INTENSITY MEAS. TECHNIQUE Step scan data PEAK X INTEGRATED X
MINIMUM INTENSITY THRESHOLD (IN RELATIVE INTENSITY UNITS)

INTENSITY STD USED a-Al,Os SRM676  “26's OF INTENSITY 43.350 <113 >
INTENSITY RATIO I/, CONVERSION FACTOR IF CORUNDUM NOT USED
RESOLUTION (FWHM) FOR THIS MATERIAL: °20 AT °260

20 REPRODUCIBILITY FOR THIS MATERIAL: °20 AT °20



NIOsIP ONTUMANBHUX YMOB 3VIOMKW
BMJIUB HANALWUTYBAHHA MOHOXPOMATOPA

?600 B T T T l T 1 T T l T T T T l T T T ' T T T T l T l 1 T T T ' T T T T l T 1 T 1 ]
- o —
6700 :— Si02test_PF . XIRF. —:
: . Yobh= :
5800 :— Yoalc —:
: Yobs—Ycoalc :
4500 :— Background_points —:
B Bragg _po=ition ]
g 4w . -
'g 3100 L -
3 N _
g 2200 [ -
S N i
1300 [ -
400 L ® -
-300 N -
-1400 L]
6570 672 674 676 67 8 6580 682 684 686 688
28 ¢°)
d . “ ’”
=> TITLE: SiO2test.dat Po3aineHHs TpUnneTy
Position Sigma Intensity Sigma FWHM .
67k 7452 16l & 0. 0010318 684.35 5.00 0.120029 anbcba—KBapu,y (1-8102
68.146980 0.000284 960.82 5.7% 0.116211 (OHTI/IMEU'IBHC CHiBBiI[HOHIeHHSI
68.315178 0.000457 471.40 4.28 0.114608

IHTEHCHUBHICTh-PO3/I1JIbHA 3[]aTHICTH)



BMNUB CTYNEHA KPUCTANIYHOCTI

GRAPHIC - User : Administrator - [1GGGnano] EEX
File View Options Window Help =

=|\|8| &+ 8= =| AJRL s[in| 2

= 8

GGG nano
100.0 i % Al sinl 8]
o D5545e4CH decomposition @400°C sample #17 &
|
3500
|
3000 |
80.0 '
2500 \
g 1
£ |
£ zo000{ |
3 |
g 1500 l\
= 60.0 .
” \
= 1000
@
i \
g 500
@
o I o 40 8.0 120 80 200 240 280 320 2Theta =)
40.0 =
AMopdHO-opakTanbHa CTpyKTypa
20.0
o I w |
r et i st LJU —-IJA. A\ _'III 1 l\%
0.0
20.0 40.0 60.0 80.0 100.0 2Theta

[2Theta= 58.747, D= 1.5704, Int, = 3.28




ExcnepuMeHTaIbHI PEHTIeHIBCHKI AU paKkUiiHi JaH] Bil aMOpHUX PeYOBUH

(01MKHIN MOPAAOK Y PO3TANIYBAHHI CTPYKTYPHUX OJMHMIb) TA KPUCTAJTIYHUX
pevoBHH (maJbHIA MOPSAA0K)
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TEOPETUYHI BIAOMOCTI

D=4y A

z =25(4)<10




AHANI3 NO PO3LWWUPEHHIO AN®PAKUIVHUX NIKIB
(LINE BROADENING ANALYSIS)

> BioxuneHHs Big ineanbHOI KPUCTaNIYHOCTI (OBMeEXeHNI PO3Mip KpUCTaniTiB Ta Hanpyru Ha
aTOMHOMY pPiBHi) BeZle 40 PO3WKNPEHHS andpaKkuinH1X nikiB. AHani3 Lboro po3LwmnpeHHs gae
3MOry oTpumaTi iHoopMaLito MPo MIKPOCTPYKTYpPY MaTepiany.

3MICT

> [Xepena BUHUKHEHHS PO3LUMPEHHA ANMpaKUIMHUX NIKIB
* |HCcTpymMeHTanbHe poswwmnpeHHa (Instrumental Broadening)
* Po3swunpeHHs, obymoBneHe po3mMipaMn KpucTaniTis
(Crystallite Size Broadening)
* PoswunpeHHs, obymoBneHe BHYTPILWHIMK Hanpyramun y Kpuctanitax
(Strain Broadening)

> MeToaoun aHanisy

 MeToau BU3HAYEHHS IHTerpanbHOI LUMPUHK NIKiB
(Simplified Integral Breadth Methods)

« dyp'e — metoam (Fourier Methods)
» [loasinHi Bont — metogm (Double Voigt Methods)

» [Npuknagu
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AXEPENA BUHUKHEHHA POSWWPEHHA
ANOPAKUIMHUX NIKIB

» |HcTpymeHTanbHe po3wmnpeHHs (Instrumental Broadening)
» HeigeanbHa “ontnka” (Non Ideal Optics)
« [Iucnepcia posxunHu xsuni (Wavelength Dispersion)
» [lpo3sopicTb 3pa3ska (Sample Transparency)
« OcboBa gusepreHuis (Axial Divergence)
» EdekT noBepxHi 3paska (Flat Sample Effect)
» PoasginbHa 3gaTHicTb aetektopa (Detector resolution)

» ObmexeHun poamip kpuctanitie (Finite Crystallite Size)

» [NpoTsaxHi nedpektu (Extended Defects)

* [lomunkn y posmileHHi 65okiB y cTpykTypi (Stacking Faults)
* “AHTudasHi rpanmui” (Antiphase Boundaries)

» Hanpyrn y rpatui (mikpoHanpyru) (Lattice Strain
(microstrain))




TUNOBE IHCTPYMEHTANBHE PO3LWWUPEHHA

Tunosi AaHi 3MOMKU And
aOvndppaktomeTpa
“Bruker D8 Diffractometer”

(Ge monochromator and Braun
Position Sensitive Detector)

ALO,, aucbpakTometp HZG-4a
0.24 - A HGFWHM
0.29. = [osHa FWHM . 0187 |AI203 NIST SRM 676
— ] ] S Oudpaktometp STOE STADI P
= 0.20- °_ 016 = FWHM "
.?__ 0.18 . % o
< 0.16 " = 0144 i
L 0.14] - 3 "
] *  Q 0.12- .
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| iy vy . = -
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0.06] 4 mu LA aassat 98 "
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Puc. 1.4. Po3auibHa 31atHICTh AudpakTomeTpiB HZG-4a (Cu Ko 5, MeToa
bperra — bpenrtano nHa B1iaoutTs Ta STOE STADI P (Cu K0y, MogudixoBana
reomeTpis ['1Hbe, METO Ha IPOXOKEHHS, TIPIJIA/] HATAIITOBAHO HA I1IBHILEHY

IHT€HCHUBHICTH 32 MaKCHMAaJIbHOI PO3ALIFHOI 3JaTHOCTI AETEKTOPA)



OBMEXXEHWUW PO3MIP KPUCTANITIB
(FINITIVE CRYSTALLITE SIZE)

lneanbHuiA Kpuctan Mae pocTy y BCiX HaNpsiMKax A0 HECKIHYEHHOCTI, | TOMY MU MOXeMO
BBaXkaTu, LLO BCi KpUCTanu He € ifeanbHi 3aBOsakn obmexeHomy po3mipy. Lle BioxuneHHs
Bifl ifeanbHOI KpUCTaniYHOCTI NPU3BOANTL A0 PO3LIMPEHHS AndpaKLinHUX nikiB. OaHaKk,
BULLE OeSKNX BU3HaYeHUX 3HaveHb (0,1 — 1 MKM) Len Tnn po3LNPEHHS € HE3HAYHUW | UOro
MOXHa He nNpurmaTn 0o yBaru.

BinbLuicTe NOPOLLKOBUX 3pas3KiB CKJ'Ia,EI,aIOTbCFI i3 APiBHMX KpMCTanukis po3Mipom Bif
Aekinbka cort A po pecatkiB mikpoH (103 MM), SiKi MOBEPHYTI OAMH BiQHOCHO OZHOIO Ha
Byab-aki KyTn. KoxXHe Take 3epHO MOXe po3rnsaaTmca sk “mosaika”, Lo CKnaaaeTbes 3
ApiOHMX BNOKIB, KyTH MiX AKMMK cknagatoTb Bia 20' oo 1-5°. Mo cBoim po3mipam L 6roku €
6nn3bk1MK 10 TaK 3BaHVX obnacTen KOrepeHTHOro po3scitoBaHHA. Lis Hesenvika
po3opieHTaLlia 6rokis NPU3BOANTL [0 TOrO, WO BiABUTTA X-NPOMEHIB Bif KOXHOI cMcTemu
aTOMHUX MMOLLUMH BiABYBaETLCA B iHTEpBani KyTiB 6—20, o € NPUYNHOI POIIHUPEHHS
audpakIiiHUX MaKCUMYMIiB.

Posmip kpucraniris (crystallite size) e Bennunno0 posmipy 10MeHiB KOrepeHTHOro
nudpakuiiinoro posciroBanns (coherently diffracting domain).

BHacnifok icHyBaHHsA nonikpuctaniyHux arperatie posmip kpucradiris (crystallite size) ne e
TOTOKHIM PO3MIPY YaCTHHOK, TOOTO po3Mipy 3epeH da3 (particle size).

MeTtoau 6e3nmocepeTHOT0 BU3HAYCHHS PO3MIpiB YaCTHHOK (3epeH da3):
* BET — teopis ancopOirii ra3zis Ha moBepxHi wactuHok (Stephen Brunauer, Paul Emmett ta
Edward Teller)

« Jlazepue poscitoBanns (Light (Laser) Scattering)
 CkaHytoya EnekTtpoHHa Mikpockonisi (Scanning Electron Microscopy (SEM))



NPOTAXHI AEPEKTU
(EXTENDED DEFECTS)

> [poTsaxHi oedeKTn nopywyTb BNOPALAKYBAHHSA aTOMIB B KpuUcTarsi, nepeBaXXHO B340BX
nnowmH (2D-npocTip). Ui nedektn edpekTnBHO 06MeEXYOTL KpucTanorpagidHo-
BNopsa4KOBaHNM OOMEH B KpucTarsi. HoBuin kpuctanorpagiyHMini JOMEH NOYNHAETHCA 3
aedekxTy i He € TOTOXHIM NonepeaHbOMY KpucTtanorpagivyHo-BnopaakoBaHOMY JOMEHY.

> AHani3a po3mipy KpucTaniTtie onsa 3paska, B AKOMy HadBHiI NPOTSKHI JedekTn, moxe byTn
BUKOPUCTaHMN ONA OLIHKM PO3Mipy BNOPSALKOBAHOIO AOMEHY (po3mipy obrnacten mix
aedekraMmn), aHanoriyHo 40 3aCTOCYBaHHSA PEHTIEeHIBCbKOI Andpakuii 4ns BUSHAYEHHS
PO3Mipy KpUcTaniTis.

» Tunu npoTsHKHUX Te(PEKTIB:
» [ledekTn ynakoBku:

v' HeBnopsgkoBaHe po3mileHHs1 6nokiB y cTpykTypi (Stacking Faults) —
(ABCABCABCBACBACBAC...) — ue TaK 3BaHi aedeKTu pocTy.

v' DedopmauinHi gecekTn — ons pevyoBmH, NobyaoBaHNX 3a NPUHLMMIOM
HaWLLiNbHILLIOT YNaKoBKMW.
AB AB AB AB (rekcaroHanbHa igeansHa) ABC ABC ABC (kybiyHa igeansHa)
AB AC BC BC (rekcaroHanbHa) abo AB CA CA BCA (kybiyHa).
BHacnigok 3miweHHs wapy B BiH cTae wapowm C.

» Jlucnokamii (Dislocations) B “mapyBarux” matepianax — rpagit, MoS,, rnnHosem, ZrNCl,
Ta iHLWKX.

* “AHTundbasHi rpaHuui” (Antiphase Boundaries) — geektn cknaay, Ski
cnocTepiratoTbCA B YaCTKOBO BriopsakoBaHmx matepianax (CusAu, Sr,AlTaOg)



HAMPYTU Y TPATUI (MIKPOHAIPYTW) (LATTICE
STRAIN (MICROSTRAIN))

» Hanpyra (abo gedopmaduisi) — ue TepMiH, SKMU BUKOPUCTOBYETLCHA NEPEBAXKHO B
TeXHiui, a He B XiMil. Hanpyra Bu3Ha4aeTbCs BigHOWEHHAM aedopmauil ob'ekta
0o noro igeansHol goxuHu, Ad/d. [ina kpuctanie Luen TepMiH 03Ha4Ya€ He3HaYHi
BiAXWUNEHHA napamMeTpiB eNeMeHTapHOI KOMIPKU Bif cepegHix 3Ha4yeHb. B
KpucTtanax BuainaiTb 2 Buan Hanpyr (aedopmadin):

» OpHopigHi Hanpyru (uniform strain)
» HeopgHopigHi Hanpyru (non-uniform strain)

» OpgHopigHi HaNPyru BUKNUKaHi iS0OTPOMNHMM PO3LLMPEHHAM/CTUCHEHHAM
eneMeHTapHOI KOMIpKU Nig gieto Temnepartypu, TUCKy i T.n. Lle npussoanTb nuwe
00 3MiHM napamMeTpiB efleMeHTapHOI KOMIPKU | 3MiLLEHHA AnpakuinHmnX
MaKCMMyMIB. 3 UMM TUMNOM Hanpyru po3LnpeHHs NikiB He NOB’S3aHo.

» HeopaHopigHi Hanpyru NpM3BoOAATL 40 CUCTEMATUYHOIO 3CYyBY aTOMIB i3 1X
idearibHMUX rnosuuin Ta po3LMPEHHI0 aAndpakuiHux nikie. [xepenamu uboro suay
aedopmaldii €:

* ToukoBi oedeKkTn (BakaHCcii, BKITIOYEHHSA, PO3NopsaKyBaHHA NO3uLLiN)
Point defects (vacancies, insertion, site-disorder)

» [InactnyHa gedpopmaduisa (“xonogHa” KoBKa MeTarsiB, TOHKI NAiBKW, IHTEHCUBHE
PO3TMpPaHHSA crinaeiB y CTYnLi)
Plastic deformation

* Hwusbkun ctyniHb KpuctanidHocTi (poor crystallinity)



AEAKI NTIPUKNAOU MIKPOHANPYT

JIBa nepioguyHuX 00’ €KTH (KpHUCTAIN) Ha MIJJI0XKII 3 aMOp(HOT TUTIBKU

Caiir : www.umsl.edu/~fraundor/



| IIZIEFIKI NMPUKNAOU MIKPOHAHPYI'

[Tepexin 10 ikocaeApUIHO1 00 J0ICKAaCAPUIHOI CUMETPIi HA aTOMHOMY PIBHI
JUIs1 MiHIMI3aIlii TIOBEPXHEBOI SHEPrii

|
f

|
Ir —— e l.

Jlucnokaitist Ha rpaHi (KpaloBi AUCTOKAITIT)
Caiir : www.umsl.edu/~fraundor/




NOCTOBIPHUW IHTEPBAI PO3MIPIB

» AHani3 poswmpeHHsa andpakuinHUX NiHik € HanbINbLl KOPEKTHUM MPU YMOBI, KONK
CKnagoBa po3LUNpeHHA, ooymoBneHa eheKToOM pPo3Mipy KpUcCTarniTiB, € K
MiHiMyM
B 2 pa3u binblue Big CKNaaoBOl iIHCTPYMEHTasrIbHOro po3WwupeHHsA. AKLWO
3aCTOCOBYETbLCS LeN KPUTEPIN, TO MOXKITMBUM € BU3HAYUTK IHTEpBan po3Mipis, B
SIKOMY Lien meToa byae Hanbinbw AOCTOBIPHUM. TakoX MOXIMBUM € BU3HAYNTU
NPUBNN3HUI BEPXHIN NIMIT PO3MIpIB ANst 4OCTaTHBLOI JOCTOBIPHOCTI, 3HANLLOBLUW
PO3MIp KPUCTanNITIB, SKNW A€ OAHAKOBE PO3LUMPEHHS i3 IHCTPYMEHTASTbHUM.

= 3BuyauHi gucgppakrometpun (FWHM ~ 0.10° npun 20° 20)
OocToBipHWI iHTepBan po3mipis < 45 nm (450 A)
Mpubnuannin BepxHin nimit = 90 nm (900 A)
» JlabopaTopHun aucppakromeTp 3 MOHoxpomaTtopom (Cu Ko, FWHM ~ 0.05° npun
20° 20)
OocTtoBipHWI iHTepBan po3mipis < 90 nm (900 A)
Mpubnunannin BepxHin nimit = < 180 nm (1800 A)

= CUHXpPOTPOHHe X-BunpomiHtoBaHHA (L = 0.8 A FWHM ~ 0.01° npu 20° 26)
OocToBipHWI iHTepBan po3mipie < 233 nm (2330 A)
Mpubnu3Huin BepxHin nimit = 470 nm (4700 A)

= Bucokopo3sginbHe HeMTpoHHe BunpomiHioBaHHsa (A = 1.54 A FWHM ~ 0.25° npu 20°
20)
OocTtoBipHWI iHTepBan po3mipis < 18 nm (180 A)
Mpubnunannin BepxHin nimit = 36 nm (360 A)



BU3HAYEHHA PO3LWUPEHHA NIHIK

> LWnpuHa gndopakuinHol niHil Moxe 6yTu

ouiHeHa 3a OonoMorow dinbLue HiXX 0OHOro .

KpuTepito. € 2 HabinbLL 3aranbHi (

napamMeTpu LLUMPUHU NIKY:

» [loBHa WKMPUHA HA NOSIOBUHI

MaKCUMyMy
(Full Width at Half-Maximum —
FWHM (H, 2w)
Lle wmpuHa niky Ha BucoTi %2 Big noro
MaKCUManbHOI IHTEHCUBHOCTI
FWHM(20) = (Utan20 + Vtan6 +W)'/2

» |HTerpasnbHa WwmpuHa
(Integral Breadth 3) B
Lle wmnpmnHa npsiMOKyTHMKA 3 BUCOTOIO .

NSIOWED, PIBHUMU BUCOTI i NAOLLi
AndppakuinHoro niky

B=A/I0).

ne A — mwiomia niky, [(0) — Bucota miky

H(2o)

=  ®akrop popmu miky ¢ =20/ <1
> binbiiicts mporpam juis npodiibHOTO aHajizy Ta onucy npodiato (profile fitting
programs) naroTh auine 3HadyeHHd FWHM, ofaHak 11711 KOpEKTHOTO ONKUCY €PEKTY PO3IIUPECHHS
JIHIA B1J] pO3MIPIB KPUCTAITIB Ta MIKpOHANPYT HEOOXiIHO BUKOPUCTOBYBATH IHTErpaJIbHY
IIUPHUHY 3 K OJIMHUIIIO BUMIPY IIUPHUHU AUDPAKIIHAHOTO MIKY.
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BU3HAYEHHA PO3WUPEHHA l'IIHIVI

IHTerpansHa u.||/|p|/|Ha (B) ra FWHM (H)
MOXYTb 6yTM NOB’si3aHi 3a 4OMOMOroHo
PI3HMX (PYHKLIN Npodinto:

= Lorentzian function (dyHkuia NopeHua):
Q, ()= L(x)=—D2L _

1+b,x° 1 T
2 4 Pr = N
L= b = (04 2
TH L 2 L
H;.r
= Gaussian function (pyHkuisa Nayca):
Q,(x) = G(x) = a, exp(—=b.x")
g ]11"’ b — 41n 2
G H G Hg
1 H
18-5' - E 111

e 3MiHHO}0 BENUYNHOI € X = 0,— 0,
0.— KyT B TOuLi i; O, — KyT bperra

* Tompson-Cox-Hastings pseudo-Voigt
function —ananoriuno 1o pynkuii
niceB10-BoiiTa, pi3HulLs nojsrae y
napamerpu3zaitii 77, H 1 3B’ a3yBaHH:M 13
peadbHUMH Gi3HYHMMH NAPAMETPAMH.  JTe n
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= Voigt function (pynxuis Boiita) —
xonBouronis Jlopeniiana i I"'ayciana:

V(x)=L(x)®G(x)= EL(J: —u)G(u)du

V(x)=V(x,H,,H;)= V(xaﬁpﬁc)

2 T 2
- 1 (x)=—= | €' d
V(x)=p; R{e?f(— x|+i P H Gl r _Le {

= pseudo-Voigt function (pynxkiiis ncesno-Boiita) —
anpokcumanis ¢GyHkuii Boiita 3aminoro mapamerpis H; 1
H maporo (77, H)

Q.(x)=pV(x)=nL'(x)+(1-mG'(x) 0<n<l

= NA+NB*(20) — napameTp 3MilryBaHHs _ nH/2

(H.n)=F(H..H,) dynkuiii [ayca ta Jloperua, NA, NB — R

YTOYHIOBAJIbHI TAPAMETPH.



PO3LLUWUPEHHSA NIHIX BHACNIAOK PO3MIPY
KPUCTANITIB

> LWeppep y 1918 poui nepLumn 3ayBaxus, LLIO Manuii po3mMip KpVICTaJ'IITIB Bede [0 PO3LUMPEHHS
andopakuinHmx ninin. BiH BuBiB A00Ope BigOME PIBHAHHS, LLO MOB’A3yE PO3MIp KpUCTarniTiB Ta
BENMMYNHY PO3LUMPEHHS NiHIN, | ke Ha3nBaeTbca ¢popmyna Leppepa.

D :K/i
[ cost

ne D, — ycepeaHeHui no ob’eMy ysBHWI po3mip (apparent size) kpycTaniTis B HanpsiMKy
Hopmani fo NnoLuHM po3citoBaHHs; K — koHcTaHTa LLeppepa, Aello yMoBHa BeM4ynHa, sika
3HaxoauTbea B iHTepBani 0,87-1,0 (B binbLocTi Bunaakie K=1); A - 4OBXWHA XBUTI
PEHTreHIBCbKOro BUNPOMIHIOBaHHS; B (B )- iHTerpanbHa WupuHa pednekcy (B pagiaHax 20) npw
KyTi BigbutTsa 20).

<D>T_, = g — l$ /'T\h:(h: k1)
’ Pscos8 [ / f I
Iei ysiBHHIT pOo3Mip KPUCTAJIITIB Ma€ 100py \LL‘h
(isnuny iHTEpIpETALIIO: C _
ff/ }?

L

(D), =5 T 7 [l a6 /

X

[aTerpan nae ycepennene 3Ha4€HHs pO3MIPY IS BCIX KPUCTAITIB 3pa3ka B MOI0KeHH1 pediiekcy N cepeaHboro
00’€eMy 1 1OBXKHMHOIO L, 10 HOpMai [0 TUNIONIMHYU PO3CIIOBAHHS JUIA KOKHOIO KPUCTAJITY. 3p03yMLIIO, IO 3B’ A30K
YSIBHOT'O PO3MIpPY 13 peajibHUMH (PI3UYHUMHU PO3MIpaMu KOI€pEeHTHUX JOMEHIB He € npsiMuM. HeoOxiaHo npuitmaTu
cnenudiuHy cepeiHio GopMy AJis KpUCTAIITIB (HalpUKIIa, cepy), 00U NOB’sI3aTH ysIBHI PO3MIPU KPUCTAIITIB,
OTpUMaHi 7151 pi3HUX bperiBcbkux pediekcis, 13 XapaKTepUCTUYHUMU pO3MipaMu (HaIIPHUKIIAl, 11aMETPOM).



PO3LLUWPEHHSA NIHIX BHACNIAOK
MIKPOHANPYI Y I'PATLII

» Crtokc i YincoH y 1944 poui nepwmnmmn 3ayBaxunu, Wwo gedopmoBaHi (HanpyxeHi) abo
HeJOCKOHani Kpuctanu BUKITMKAOTb PO3LUMPEHHA ANMPaKLINHUX MiHIW iHWOro Tuny, Hix
PO3LLUNPEHHSA, CNPUYMHEHOIO ManumMu po3mipamMmmn KpucTarniTis.

P
S d 4tand

Ae e, — 3BaXKeHa cepefHsa Hanpyra; B (Bg)— iHTerpanbHa WwupnHa pednekcy (B pagiaHax 20)
npu KyTi BiaduntTa 20); d — goBXuHa ob’ekTy (Hanpuknag napameTp efieMeHTapHOI KOMIpKU a
OJ151 PEYOBUH KYBIYHOT CUHIOHIT).

HeobxigHo BigMITUTHK, WO “po3MipHE” Ta “HanpyXeHe” PO3LLUMPEHHS MiHIN NOKa3ye Pi3Hi
3anexHocTi Big KyTa 0. Lle gae MoXnueicTb po34inaTtu ui ABa eekTu.

B 3ag0BifibHOMY HabnMXeHHi MOXHa BBaXkaTu, LLO PO3LLUMPEHHS MiHiM BHACNIOOK pO3Mipy
KpucTanitie onncye yHkuia JlopeHua, a po3WwmnpeHHA BHACILOK HANpyr onnucye oyHKLUis
["ayca.

BibII KOPEKTHUM € OIKC PO3MTUPEHHS
anpokcumariiero Boiita:

<82(£)>:Kﬁéﬂ Bip ‘

2 :e'rL

\

IHTEHCHUBHICTH

e L — BiacTaHp, 110 po3AUISIE 2 KOMIPKH B3IOBK
// HOPMaJTi JI0 TUIOIIMHHU PO3CiIOBAHHS,
) )
AL — nedopmarrtis

[neanpuuii nixk  Poswmpenna andpakuiitnnx niniii  Poswnpenna nudpakuiiinix niniii 29
BHACJIJIOK BHYTPILIHIX MiKPOHANPYT. BHACHI 10K 3MEHIIEHHS PO3MIpy
OnucyeTsea Hailkpate KPHCTAMTIB (IOMEHIB).
tynkuieto Faycea. Onucyerees Haiikpalue
(hynkuiew Jlopenua.



KOPEKWIA HA IHCTPYMEHTANDBHI
NOXUBKW

[1Nna KOPEKTHOro aHani3dy po3LnpPeHHS MNikiB i BU3HAYEHHSA PO3MIpIB AOMEHIB Ta
MiKpOHanpyr HeobXxigHO NpaBUbHO BpaxyBaTu BHECOK Yy PO3LLUNPEHHS Bif
IHCTPYMEHTanbHMX NOXNMOOoK. B 3anexHOoCTi Bia dyHKLUIl, WO onucye npodink niky, ui
mMeToan ByayTb PisHi.

PyHKuia JlopeHua:
Bobs = Bsize 5 Bstrain T Binst {Bobs e Binst} = Bsize g Bstrain

PyHKuUia Nayca:

Bzobs o~ stize + sttrain 5 Bzinst {Bzobs B Bzinst} = stize i sttrain

dyHkuUil BonTa, ncesao-Bonta, TCH ncesoo-Bonta — B 3aranbHomy HeobxigHO B
nepLuy Yepry pos3ginutu cknagosi JlopeHuiaHa i ["ayciaHa nepef BiggineHHam
IHCTPYMeHTanbHoI cknagosoi. Lle byae onncaHo Huxye.



AHANI3 YUIbAMCOHA-XOJNA.
NPOCTI METOAU IHTErPANBHOI LWAPUHU NIKIB.

» B 1953 poui YinessMcoH i Xonn 3anponoHyBanu MeTon Ans po3aifieHHs CKnagoBux
PO3LLMPEHHSA Big PO3MIpYy KpucTaniTiB Ta MikpoHanpyr. OcHoBa MeTo4y — 3aneXHiCTb

IHTerpanbHOI LWNPWHK NiKiB Big KyTa andopakuil 26.
> [lpuknapg 3anexHocTi YinesimcoHa-Xonna gna gyHkuii JlopeHua:

{Bobs i Binst} = Bsize i ﬁstrain > X/{DV COS@} + 4gstr{tan9}
{Bobs = Binst}Cose X X/DV 3 4gstr{Sine}

» byayemo 3anexHictb {B,,s — BinsyCOSO = f(4sinB) (B pagiaHax 20).

AKLLO 3aneXHOCTI JTiHINHI, TO PO3MIP KPUCTanITiB 3HAaXO04UTLCA MO 3HAYEHHI0 NepeTuHy rpadoiky
doyHKUIT Ha OCi opanHaT, a 3Ha4YeHHA MiKpOHanpyru no KyTy Haxuny npsamMol. Bigknagarouu
pednekcn 3 HenapHUMK Ta NapHUMK iHgekcamMmn hkl okpemo, MOXXHa TakoX OLIHUTK PO3MIp

obnacTen BrnopsiAkyBaHHSA Ta PO3NOPSAAKYBaAHHS . gumeyars
1.6E-03 odd-odd-odd
Reflections
1.4E-03 <D>, = 88(8) nm
A Williamson-Hall plot for Pb2ScTaO6. & 1:2E-03 & 01%(0%
The size extracted from the even-even-even reflections % e
gives the volume weighted crystallite size, while = 5 0508
the size extracted from the odd-odd-odd reflections § even-even-even
q 2 o 5 3 6.0E-04 Reflections
gives the volume weighted size of the regions over which <D>, = 282(45) nm

4.0E-04 £=0.242)%

the Sc and Ta atoms are well ordered.
P.M. Woodward & K.Z. Baba Kishi, J. Appl Cryst. (2002). 2.06-04

0.0E+00




SIZE-STRAIN AHARNI3 NO NAPAMETPAM NPO®IIA
B YTOYHEHHI METOOM PITBENbAOA

» B npoueci yToYHEeHHS KpucTaniyHol CTPYKTypu MeTogom PiTBenbaa MOXNMBUM € BUSHAYNTU
napameTpu MIKPOCTPYKTYpU (PO3MEPU LOMEHIB Ta BHYTPILLHI HANpyrn), BUKOPUCTOBYHOUM
doyHkuito Ne 7 — Tompson-Cox-Hastings pseudo-Voigt function (TCH pV). 3HaueHHs
pO3Mipy Ta MIKpOHaNpyr MOXyTb BYTW BUAIMNEHI 3 YTOYHEHUX NapamMeTpiB NPodinto y nepLiomMy

HaOSTMXKEHHI.
»  OyHKuUia JlopeHua:
TCH pV dyHKuis: H, = X/(cos0) + Y tan0
AHani3 YinesamcoHa-Xonna: {Bobs — Binst} = M{Dy, cos0} + 4¢_, {tan0}

Kopektytoun 38’430k FWHM Ta 3, MOXXHa oTpumMaTu napamMeTpun po3mipy Ta Hanpyr 3 Xta Y
(3Ha4YeHH4A KyTiB 0 B caHTUrpagycax):

D, = 36000 A/{r?X} Estr = W2 {Y - Y,,1)/144000
» OyHKuia Nayca:
TCH pV dyHKuis: H; = U tan?0 + V tan0 + W + P/{cos0}
AHani3 YinbsmcoHa-Xonna: {B?,ps — B?inst} = A2l{(Dy)?cos?0} + 16(z,, )*tan?0

KopekTtytoum 38’130k FWHM Ta 3, MOXXHa oTpumaTtn napamMmeTpu po3mipy Ta Hanpyr 3 P Ta U
(3Ha4YeHHSA KyTiB 6 B caHTUrpagycax):

D, = 18000 A/sqrt{2n3P} ¢, = sqr{2n3{U - U, )}/72000

[P. Karen & P.M. Woodward, J. Solid State Chem. 141, 78-88 (1998)]



®YP’€ - METOOQWU

HanbinbLw KOPeKTHMI | TOYHUI LWNSX NS OTPUMaHHS iHpopMaLil Npo po3Mipu 3epeH i MiKpoHanpyru € aHanis
NoBHOI oopmu cepil pedbnekcie andpakuinHol kapTuHu (B igeani cepii pednekcis ogHoro tuny — 100, 200,
300; abo 111, 222, 333) meTogom YoppeHa i ABepbaxa [Warren and Averbach, J. Appl. Phys. 21, 596
(1950).]
MNMpoueanypa meToay:

= Onuncatu KOXHUn pedoriekc i3 HeobxiagHoi cepii Pyp’e.

» [loBTOPUTM L0 Npoueaypy Ana gudpakTorpamm 3paska, Ha SKin PO3LLUMPEHHS NiHIN MPaKTUYHO BIACYTHE,
TOOTO BU3HAYUTU IHCTPYMEHTAaNbHY CKNaZoBy PO3LUMPEHHS.

» BukopucTtaTtu Ui pesynbTtaTu 4515 BigAiNneHHA po3LWMPEHHS NiHiv Big, 3paska Ta iHCTPYMEHTarnbHOro
po3LMpeHHA 3a anroputmom CTtokca-dyp’e.

»  OTpumaTy iHbopMaLio NPOo PO3MoAiN PO3MIPIB KPUCTaNITIB | BUAY MIKpOHANpPyr, aHaniayro4m 3anexHicTb
KoedilieHTiB Pyp’e (AKi ONUCYIOTb CUMETPUYHE PO3LLNPEHHS) Bif KYTIB BigOUTTA.
Heponiku Ta nepeBaru 3actocyBaHHA meToAiB dyp’e Ha npakTuui.

» [lepeBaru Hag meTogamMu “iHTerpasnbHOl WWUPUHK NiKiB”
v' MeTtoan ®yp’e oaroTb pO3MOAiN po3MipiB KPUCTanNITIB, @ HE CEPEOHI0 BENMUYMHY.
v Kopekuist Ha iHCTpyMeHTarnbHe po3LINPEHHS € BinbLu ToYHa, ko doopMa Miky He ONMCYETbCS

TOYHOI oyHKUieto JlopeHua abo ["aycca.

» Heponiku B NOPIiBHAHHI 3 MeTOAaMM “iHTerpasibHOI LUMPUHM NikiB”

v ®yp’e - METOAM CXUIbHI 4O MOMWIIOK Y BMNagkax, konuv “xsocTu niki” (peak tails) HeTo4HO

3aMoaynboBaHi. Pyp’e — MeTOON € MaNONPUAATHUMU ANS BUKOPUCTAHHSA Y pasi 3HA4YHOro
nepekpuTT4a nikie (peak overlap).

v' Posknag ®yp’e He € 3aBXau Ayxe cTabinbHUM.

»  PisHnya mixx dyp’e — meTogammn Ta metogamm “iHTerpasibHol LUMPUHM NikiB”

v' MeTtoam “iHTerpanbHOI LWMPUHK NiKIB” ANs po3Mipy KpUCTaniTiB 4aloTb CEPEeaHiN 3BaXXeHUN po3Mip
no o6’emy (D), a MeToam ®dyp’e AaloTb cepeaHin 3BaxkeHnn po3mip no nnowi (D,). Akwo
NpPUNyCcTUTHN, LWLO chpepnYHi YaCTUHKU € BCi aHanoriyHoro po3mMipy Ao aiametpa ccepu d, 1o
3B’A30K i3 po3Mipom byge:

d = (4/3)Dy = (3/2)D, Dy = (9/8) D,




NOABIVHI BOUT - METOAW
(DOUBLE VOIGT METHODS)

> [logginHi BonT-meToan aHanisy po3wmnpeHHs nikiB 6ynu Bneplue npeacrasneHi J.I. Langford y
1980 poui i po3suHeHi D. Balzar. BoHu gatoTb npakTU4HO Taky camy iHpopmauito, sk i Pyp'e
METOAM.

» [pouenypa meTtoay:

» [likn onucyoTbCAa aHaniTMYHO (pyHKuieto BonTa (MOXHa TakoX 3acTtocoByBaTu OYHKLiI nceBao-BonTa Ta
moamndikoBaHi dyHKUii lMipcoHa). JlopeHuiaH-wmpuHa (B, ) Ta MayciaH-wmpnHa (B ;) KOXHOTO niky Moxe
ByTn BM3Ha4eHa.

» |HTerpanbHi LUIMPUHK MiKiB BUNPaBNATECA 3 BpaxyBaHHAM iHCTPYMEHTASTbHOrO PO3LUNPEHHS.

BL(sampIe) = BL(fit) i BL(instr) B2G(sample) = BZG(fit) o BZG(instr)
» [padikn YinbamcoHa-Xonna 6yaytotbes Ak ans JlopeHuiaH-wmpuHm (B, ), Tak i ana MayciaH-lwmnpuHn
(Bo)-

= Po3mip kpuctanitiB oTpuMyeTbca 3 rpadpika YinbsamcoHa-Xonna ansg JlopeHuiaHa, a iHbopmadis npo
BHYTPILUHI MiKpOHanpyru oTpuMyeTbCs i3 KoMmbiHauil JlopeHuiaH- i [ayciaH- cknagoBux ans MikpoHanpyr.
> [lepeBaru metopy:

»  Ockinbku JlopeuiaH/["ayciaH 3MmiluaHni napamMmeTp € BinbLll YyTANBUM 40 KOPEKTHOrO OnNucy Npodinto niky,
i 0COBNNBO NOr0 HMXKHBOT YaCTUHU, Lien MeTo € BinbLu CTIMKNMIA A0 NMOMUIIOK NPU NEPEKPUTTI NIKIB, HiX
dyp’e-meToaM.

» Ha BiamiHy oo HabnwxeHHs YinbssmcoHa-Xonna noagivHi BonT-meToam MoXXyTb BUKOPUCTOBYBATUCH,
KOnu doopma niky He onncyeTbest CTpPoro dyHKuUissiMu JlopeHua abo Mayca.

*  MoxnmBo oTpumaTyn po3nogisi po3mipy KpuctaniTis.

D. Balzar po3po6us nporpamy BREADTH gnsa aHanisy MiKpOCTPYKTYpPHUX NapameTpis
noasivHnmn Bont-metogamu — http://www.boulder.nist.gov/div853/balzar/



BUCHOBKWU

Po3amipu kpuctanitis HUxk4e npndnmaHo 100-150 HM MOXYTb BYTU KOPEKTHO OLLIHEHI
3 MOPOLLKOBUX PEHTIEHIBCbKNX ANGPaKLINHNX OaHUX.

MikpoHanpyru, ki BAHMKaTb BHACIAOK TOYKOBUX OedeKTIB (BaKaHCil,
PO3MnopsiaKyBaHHS MOJSIOXKEHb), ANCIIOKaUIl | HABITb NPOTXKHUX OedEKTIB, MOXYTb
OYyTM KOPEKTHO OLIHEHI 3 MOPOLLUKOBUX PEHTIEHIBCbKNX ANMPPaKLINHNX OaHUX.

Ha noyaTky aHanidy HeobxiaHO OUiHUTK Ta BiA4INUTU IHCTPYMEHTAarbHY CKNaaoBy
PO3LUMPEHHS NiKiB | BAKOPUCTOBYBATU IHTErpasibHy LWMPUHY NiKiB B (KpaLle, HixX
FWHM) ons oTpumaHHA HanbinbLl NpeunsinHux pesynbTaTiB aHarnisy.

[MpocTi MmeToaM “iHTEerpanbHOI LWMPUHK NiKiB” 4OBpe BUKOPUCTOBYBATU, KON NPodifib
niky onncyetbcsa abo cTtporo dyHkuieto JlopeHua, abo dyHkuieto Mayca.

IHpopMaLLis Npo po3mMipn AOMEHIB i MiKpoHanNpyru Moxe 0yt oTpumaHa
B6e3nocepeaHbO 3 YTOYHIOBaNbHUX METOAOM PiTBenbaa napamMmeTpiB npodointo nikis,
NpUMMaroym Oeski HabMKEHHS.

dyp’e — MeToan € HanBINbLL BCEOXONSIOKYI AN OTPUMaHHSA iHdopmauii npo
MIKPOCTPYKTYPHI NapameTpu, NpoTe BOHU OOCUTb YyTIIMBI 4O MOMWUIIOK, BUKINUKAHNX
nepekpuTTamM andpakuivHux nikie. Lle obmexye X BUKOPUCTaHHSA Npu aHanisi
PEYOBUH i3 CEpPeHbOI0 Ta BUCOKOK CKNaAHICTIO KpUCTaniYHOl CTPYKTYpPW.

[MoaBinHi BonTt — MeToan MOXNMBO € HanMbINbLLl TOYHUMW A9 aHani3y po3LWUpPEHHS
NiKiB.



TEOPETHUYHI BIJOMOCTI - SHORT RANGE ORDER

[na peyvyoBuH i3 AganbHIM NOPAAKOM MOXHa po3paxyBaTh KOOpAMHATU aToMiB, 0bMexXytuymcb 06’eMom
erleMeHTapHOoI KOMIpKM B KpucTaniyHin rpatui. B amopdHux ob’ektax, ki XapakTepusyroTbCs ONMXKHIM
nopsiAKOM, KOOpOMHATU aTOMIB BW3HAYUTU HEMOXIUBO, arfie € MOXIMBICTb po3paxyBaTu po3nogin
ycepeaHEeHNX MiXKaTOMHUX BEKTOPIB, Bara sIKMX LOPIBHIOE O0OYTKY €neKTPOHHOI ryCTMHW Ha iX rpaHuui. Taki
poanoainu gictanu Hassy (hyHKUiT pagianbHOro po3noAiny atomMHoil ryctuHu (PPPA).

CTpyktypHa amnnityga pednekcy Big nnowwuHu (hkl), ska Bu3Havyae amnnitygy PEHTreHiBCbKol XBWI,
PO3CiSiHOI (KOrepeHTHe, Npy>XHe PO3CitoBaHHS) Ha KOMIpLi Y HanpsMKy, LLO BU3HaA4Yae BEKTOP 06epHEHOT rpaTku
S, AaETbCA 3arasfibHOBIOMOK (POPMYIIOH:

N
F(nkl)= 2./ exp ZTEE(th. +ky, +iz, )

Jj=1 ) ne lj.— aTOMHWUWN (pakTop pPO3CitoBaHHA aANns j — aTtomMa.

— [lnqa ineanbHOro ogHOATOMHOrO rasy iHTepdepeHLis NPOMEHIB, AKi PO3CIIOIOTLCA HA OKPEMMUX MOJIeKyriax
(aTomax), BiacyTHs: I(S) = 2.

— OpHak, BXXe Ans ABOATOMHOI “MOneKynn” igeanbHoro rasy icHye CTPyKTYpHUW napameTp a; — BiACTaHb MixX
[i i — aToMOM Ta j — aTOMOM, | Ha AndpaKkTorpami Takoro o6’ ekTy BXe 3'ABNATLCH PO3MUTI MaKCVIMyMVI — rarno,
3rigHo popmynu:

5 , sin 21Sa 5 sin 21tSa
F*=2f*+2f7 2721+
2TSa 2TSa
a= M » | 3rigHO cnpoLLeHOl MeTOAMKN PO3paxyHKy 3a OOPMYJSIOH

sin U EpeHdecta MOXHa 004YNCINTU CTPYKTYPHI napameTpu.



NEAKI TEOPETHYHI BIJOMOCTI

[3  audpakiiiiHoro  cmeKkTpy  pO3CIIOBaHHSA OTPUMYKOTH  IHTEHCHBHICTD
pPO3CIFOBaHHA B 3&ISKHOCTI Bl Kyra /(3), fAKY MOTIM TpaHC(OPMYIOTH B
iHTEpdepeHIiiHY PVHKINII aMILTITYAH S((O)) B 3a0eKHOCTI BT XBIJILOBOTO BEKTOpa
O = 4nsind/A. TodTO, BHNpaRIeHI eKCNepPUMEHTATRHI IHTEHCHBHOCTI TIEPEeBOIAThH B
abCOMIOTHI  €IeKTPOHHI OAUHHUIN. OTpuMyeThes iHTepdepeHIiina (yHKI s
130TPOIHOTO 00 €KTY;

si( Or)
.%” C‘j]'
Or
Ae N — KiTbKiCTh aTOMIB B JOCTIKYBaHOMY 00 eMi, / %(Q) — posciroroua
37IaTHICTh aToMa (aMILTITY/Ia aTOMHOTO PO3CIHOBaHHA), 7' — BIICTaHb JI0 (PIKCOBAHOTO
aTOMY, p(r) — aTOMHA TYCTHHA, py — cepeHS aTOMHA TYCTHHa, () — BeTTHUHHA BEKTOpa
pPO3CIFOBaHHS.

S(Q) = NFHQ) {1+ [4m3 [ p(r) - py]
0

[MTngaxom Tpanchopmaitii Dyp’e miel iHTepdepeHIiHAOI PYVHKITI OTPAMYIOTH:

- IPUBEACHY (PYHKINIO PATIAILHOTO POHOILTY:
Oz
G(ry=4mp(r)—py]=(2/7) IQ[LS(Q?) — ]sin(Or)dQ

0=0

- 3arajpHy (YHKIIKO pajilagbHOro posnoainy aromMHoi ryctuHun (MOPPA. Radial
Distribution Function):

O
TotalRDF (1) = 4mp(r) = 4m? p, + 2r J’ O[S(O) —1]sin( Or)dQ

0=0

— (PVHKIIIO MAPHOTO PO3HOILTY g(7):
g(n=p()/ py

[IpuBeaeny ¢QyHKIIO pajiladbHOro poznofaury (7(r) me HazuBarwTh Atomic Pair
Distribution Function (atomic PDF), BiImoBIIHO, aHATOTIMHO HA3UBAae€ThCd 1 aHATIS
ONMKHLOTO HOPSAKY V OVIOBI PSUOBHHH.



JAESAKI TEOPETUYHI BITOMOCTI

@D13maanii 3MICcT R2aranbHOl  (PYHKIND  PaglalbHOTO POMOALTY ATOMHOI TYCTIHIT
(DPPA, Radial Distribution Function) — KUTbKICTE aToMIB Y cdiepl pajatycy 7 1
TopmHA mapy. Ila dyHKINA mpopiemioe O Amd 7 < AlaMeTpy aroMa 1 MpsIMye 0
3HaueHHA 4m°p, O 7 > diaMeTpy atoMa @YHKIUSA pamiaTbHOTO POMOALTY M€

r2
TaKy BIACTIIBICTE, IO J—]-?Z?‘ p(?} BIT3HAY4d€ KUIBKICTE aTOMIB ¥ C(l)CleTIHOD'I}’ Imap1
rl

BII 7; A0 75 19 QyHKIA XapakTeplsyeThesd BENMKNM MEPHINM IIKOM 1 IKaMIT

vorelion Limction

MEHITIOI 1HTEHCIIBHOCTI, AK1 MOCTYTIOBO PORIIIPIOIOTHCA Ta BIATMOBLIAIOTEL 2-111, 3-1i,
4-111 1 T4 KOOpANHAIMITHIM cpepaM HABKONO BHOpaHoro atomy. Ilicma 4-5 mxiB

5 ) 2
DPPA »n1BaeThCA 13 2HAYEHHAM 4717 o, .

B amopdmOMY cTaHl 1cHYe TITRKI OMITKHIT TOpaaok. [TomokeHHT MAKCIMYMY 70
nepimoro mky Ha Kpmeiit @PPA piamorigae cepemHboMy paaiycy  cdepInIHoi
KOMIPKIL, 4 OTAe 1 JOBKIIHI 3B 3Ky MUK HallGmipxurmn atomamn. [Imomma mig
MepIIIM  TMMKOM — TpPOMopiiiiHa KUTBKOCTI aTOMIB Ha BIACTAHL Iy, — TOOTO
KOOPIIMHAINITHOMY UICITy N, IO TOKa3ye KITbKICTh HAMOMIDATIX CYCIIIB BIOPAHOTO

aTomy. IIT1pIiHA MKy € MIPOKO TYCTIHII aTOMIB B KTacTepax Ha BIACTAHI Fyax.



INPAKTHUYHI ITPUKJIAIU

|l. PEHTreHOCTPYKTYPHMUM aHarni3 no metoay
nosnikpucrtany nondrae y poswudpyBaHHi KpuctaniyHol
CTPYKTYpU HOBOI abo BiOMOI CMONYKM i3 AaHMX MOPOLLKOBOT
PEHTrEHIBCLKOI Andopakuii, 3 OTpMMaHHAM iHpopmauil npo
AanbHin NOPSO0K Y PpeYOBUHI (CUHIOHISA, NnapamMeTpu
eneMeHTapHOl KOMipKK, NPOCTOpOBa rpyna, KoopamHaTt Ta
KoopAuHaLiNHe OTOYEHHS aToMiB, MiXKaTOMHI Bigaani Towo).

}_,

Il. PeHTreHiBCbkuu pasoBuUMU aHani3 i3 NOBHUM
YTOUYHEHHSIM KpUCTaniyHol CTPYKTYpU No meTtoay
PiTBenbaa 0o3Bonse SAKIiCHO i KiSIbKICHO OUiHUTU dpa3oBun
cKnap 3paskiB, IX YUCTOTY (LLO OCODNNBO BaXXSIMBO Y MinaHi
aocnigxkeHb isndHMX BNacTUBOCTEN), NapaMeTPU 3MiLLLEHHS
aToMiB, KpucTanoximivyHi gedektn ta cnniT-no3uuii ToLwo.

lll. MikpoCTPYKTYpPHMUIM aHaNi3 403BOSIAE OTPUMaTH

iHpopmaLito Npo 6nvxHin nopaaok y pevosuHi (RDF, FSDP); |

napamMeTpu KpUcTanivyHOCTi Ha HaHO- Ta MIKPOPIBHI (PO3Mipu
OOMEHIB KOrepeHTHOro po3cCitoBaHHSA, BHYTPILLHI HAnpyrn y
rpaTui); nepeBaxarouy opieHTauito 3epeH dasu,
KOMMO3UTHICTb MaTepiasny TOLLO.
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A connection between the structure and the electrical and luminescent properties

of polyaniline ( PANI)-GaSe hybrid nanocomposites is investigated. 10
By XRD and conductivity measurements, we have found that the nanocomposite

is formed only in the interval of GaSe contents 8-22.5%. The addition of GaSe

decreases the conductivity by 5-7 orders, by preserving the semiconductor behavior.

The emission bands in GaSe-PANI nanocomposites are essentially shifted as

compared with those in pure GaSe. The XRD investigation indicates a decrease in 15

the average size of GaSe crystallites during the formation of the composite. A mech-

anism of interaction of polyaniline with gallium selenide nanoplates is proposed.
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Figure 2. XRD powder patterns of PANI GaSe nanocomposites.
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Table 1 Specific conductivity and polymer yield by weight for polyaniline—metal composites

Content of composite | Polymer yield. | Specific conductivity, | The size of the globules, pm
M. wi% o x 1073, S/em (according to SEM)
Springer Proceedings in Physics 246 PAH—AU -,“-')‘5 ()l f}: 33 Iﬁ
PAn-Pt 64.2 75 £4.1 35
PAn-Pd 67.3 13 £0.9 -
Olena Fesenko - -
Leonid Yatsenko Fditors PAn-Ag 58.5 16 £08 20
. Pan 55.2 36 +£2.1 -
Nanomaterials and
Nanocomposites,
Nanostructure Surfaces, 16000, w3
and Their Applications - 28001 2 l
Selected Proceedings of the 100004 gﬁi ]\
7th International Conference 2 5 50001 ¥
Nanotechnology and Nanomaterials 'z o Z 1600-
(NANO2019), 27-30 August 2019, Lviv, g 60004 8
Ukraine = 4000] £ 0] Wl\
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Fig. 12 Diffraction patterns of PAn (1. a, b), PAn-Au composite (2, a), PAn-Pt composite (2. b)
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Fig. 13 Diffraction patterns of PAn (1, a, b), PAn-Pd composite (2, a). PAn-Au composite (2, b)



III. MIKPOCTPYKTYPHHMM AHAJII3

Matenals Research Bulletin 48 (2013} 916-919

Contents lists available at SciVerse ScienceDirect

Materials Research Bulletin

X0

LSEVIER journal homepage: www.elsevier.com/locate/matresbu
axl0"

Short communication o =
100 L,

Synthesis and characterization of luminescent aluminium selenide nanocrystals 3 B
0 =

= &

" . s x - _— £ Z.

0.A. Balitskii **, P.Yu. Demchenko”, E. Mijowska (Borowiak-Palen), K. Cendrowski © 5 g 2
*Department of Electronics, Lviv lvan Franko National University, Dragomanov Str., 50, 79005 Lviv, Ukraine 5 9';
b Department of Chemistry, Lviv Ivan Franko National University, Kyryla and Mefodiva 6, 79005 Lviv, Ukraine << Pl =2
* Centre of Knowledge Based Nanomaterials and Technologies, Institute of Chemical and Environmental Engineering, West Pomeranian University of Technology, 10, Pulaskiego Str., =

Szczecin 70-322, Poland

ARTICLE INFO ABSTRACT
T T T T T
i i R 2 R 2 s . z Z 300 400 300 GO0 700
Article history: We propose the synthesis and characterization of colloidal aluminium selenide nanocrystals using Waveleneth
Received 10 July 2012 trioctylphosphine as a solvent. The nanoparticles have several absorption bands in the spectral region avelength, nm
Received in revised “‘"_”'5 November 2012 330-410nm and are bright UV-blue luminescent, which is well demanded in light collecting and . - ) e B T X
Accepted 9 November 2012 . emitting devices, eg. for tuning their spectral characteristics to higher energy solar photons. Fig. 1. UV-vis absorbance, PL spectra (the respective excitation \c\'_d\-'u]ungm:. for the
Available online 20 November 2012 © 2012 Elsevier Ltd. All rights reserved, PL measurements are marked by arrows) and photograph (insert) of the as-
prepared aluminium selenide nanoparticles.
—_—
800 =249
— bl
==
600

Intensity, cps

E
400 :
=
=
[~}
=
=
2
200 - u
=

T |
20 40 60 80 100
20, degrees

Fig. 2. XRD pattern of the aluminium selenide nanoparticles ( the lines indicate the
positions of theoretical wurtzite AlaSes reflexes).
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Solid-State Catalysts Based on Bentonites and Pd(ll)-Cu(ll) Complexes
for Low-Temperature Carbon Monoxide Oxidation
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Abstract. The results of testing of Pd(IT)-Cu(II)/Bent catalyst samples in the reaction of CO oxida-
tion with air oxygen are presented. Bentonites from three Ukrainian deposits: Gorbskoye, Dashu-
kovskoye, and Kirovogradskoye were used as supports. Natural bentonites, their modified forms,
and the catalysts based on them were characterized by X-ray diffraction phase analysis, FT-IR spec-
troscopy, and chemical analysis. It has been found that the activity of Pd(IT)-Cu(II)/Bent catalysts
mcreases with increasing amorphous silica content and with decreasing pH of their water suspen-
sions.

Counts

0 20 40 60 26.dgs

Fig. 1. X-ray diffraction patterns of the samples of natural bentonites: 1 —
N-Bent(D); 2 —N-Bent(K); 3 — N-Bent(G)

Vol. 123 (2013) ACTA PHYSICA POLONICA A No. 1

Structural Properties and Temperature Behaviour
of Optical Absorption Edge

in Polycrystalline Zn0O:X (Cu,Ag) Films

B. KUuLyk®”*, V. F1GAY, V. KAPUSTIANYK?, M. PANASYUK?, R. SERKIZ®
AND P. DEMCHENKO®
“Seientific-Technical and Educational Center of Low Temperature Studies, Scientific and Educational Center
“FRACTAL”, Department of Physics, Ivan Franko National University of Lviv
Dragomanova Str., 50, UA-79005 Lviv, Ukraine
"Department of Chemistry, University of Palermo, Viale delle Scienze — ed. 17, 90128 Palermo, Italy
“Department of Inorganic Chemistry, Ivan Franko National University of Lviv
Kyryla i Mefodiya Street, 6, UA-79005 Lviv, Ukraine
(Received April 30, 2012)
Silver- and copper-doped ZnO films were prepared by radio-frequency magnetron sputtering on glass substrates.
The influence of dopants content on the structural, morphological properties as well as on evolution of the optical
absorption edge was considered. It has been found that Ag- and Cu-doped ZnO films are characterized by wurtzite
crystalline structure with the preferred direction of crystalline orientation (002). The sizes of grains within the
films were found to be dependent on the type of dopant. The temperature evolution of the optical absorption edge
is described by the modified Urbach rule that reflects polyerystalline nature of the material. The corresponding

parameters concerning electron— (exciton—) phonon interaction, phonon energies and temperature changes of the
band-gap were determined and analysed.
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Fig. 1. XRD spectra of ZnO films: (a) ZnO undoped,
(b) Zn0:Ag(1.6 at.%), (¢) ZnO:Ag(5.9 at.%).
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Changes in the state of paramagnetic centers and lattice parameter
of micro-structured Si under the influence of weak magnetic field

V.V. Trachevsky', L.P. Steblenko’, P.Y. Demchenko®, O.V. Koplak’, A.M. Kuryliuk’, A.K. Melnik’
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Abstract. In this work, the influence of weak magnetic field on structure-dependen
properties of micro-structured Si was determined. The researches of EPR-spectr:
mherent to micro-structured Si showed the presence of the spectral line at A ~ 3500 Ok
that appears from centers with the g-factor g~ 2.0010 (p, — centers). Intensity of the
determined spectral line decreases twice after magnetic processing. The observed redox
processes and evolution of defect structure are interpreted as the influence of magnetic
field on micro-structured Si. Calculations made using the data of X-ray diffractometric
researches showed an essential decrease of internal strains and respective increase of the
lattice parameter in micro-structured Si samples after magnetic processing in the weal
magnetic field.

Keywords: silicon, structural defects, magnetic field, oxidation.
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Fig. 2. Change of the infernal strains in MS Si crystals
stimulated by magnetic processing, duration of which was
hap =60 dﬂyS.
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Fig. 3. Change of the lattice parameter in MS Si stimulated by
magnetic processing, duration of which was f,;p = 60 days.
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Tunosi nudppaxkrorpamu:
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Fig. 5. Experirnentally observed XBPD profiles for unrnilled (a) and dry-redlled (b ower-
Fig. 4. Experitentally observed XBPD profiles for urrnilled (a) and dry-rilled (b) under- stoichiometric g-ba Sepg-, (4050265) showing three diffuse halos (for clarity purposes, each curve
stoichioretric g-fs D850 (3= showing three diffuse halos (each curve is offset along p axis). iz offset along p axis).




PE3YIJIIbTATHA
CrpykrypHuii ¢pakrop: (PDP — principal diffraction peak)

4.5

-

4.0 H

-

3.5 -
3.0 41

=

2.5 -1
2.0 -

OSO-1)

1.5
1 .0 . o --'_'-~.._..____h__”___".“”_____ P R ) ,-""'FH:__-" - _ d I-\'HPH M uli \I— 14 A55DSeﬁo
0.5 i S g e g PN o g 4 15 As,_Se,,
: | 4 f W 4 i —— 16 As,Se,,
3 : —1r Asessess

0.0 45— R

-1.0 A

Ll l L] l L] 'I L] 'I L] I' T l T l L] i

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

=
O(A™)
Fig. 6. Low-O part of the calculated reduced X-ray structure factor F(Q) = O(S(Q)-1)
for dry-milled g- As,Se;qo-x (for clarity purposes, each curve 1s offset along y axis).
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Tumnosi NpuK/JIaIud MATEMATUYHOI OOPOOKHM:

Table 2. The FSDP parameterization in unmilled and dry-milled g-As, Seims
{each peak-halo 15 treated as one diffuse component in the experimental XEPD pattern)

FWHM — noBHa mupuHa Ha
MIOJIOBUHI BUCOTH (MIKY).

Q, AQ — BEKTOp pO3CISIHHS B
00E€pHEHOMY IPOCTOP1, HOTO
IITUPHUHA.

R — paniyc KoopAuHAIIHHOT
chepu, inter-planar correlations
(Mmoaens Enniora, pakTUUHO
MDKIUIOIIIMHHA B1JICTaHb 3T1IHO
piBHsAHHA Bynbda-bpera).

L — xopensiiiiHa JOBXHWHA Y
IpSMOMY TIPOCTOPI.

d,— paJlycu KOOpAWHAINHUX
cdep, 1110 BIAMIOBIIAIOTH
KO’KHOMY TaJjio 3T1IHO PiBHSHHS
Ependecrta (inter-atomic
correlations)

Sample 28 FWHM | Ay R ARR, | L ALLy | d: Adds
X, state 718 i Al [ A1 A %o A %o A %
=75, unmilled 154578 | 27103 110 | Q.19 572 |- 32.60 | - 705 -
#=75; milled 15.558(16) | 4.57(6) 1.10 | 0.33 569 [-0.5 1932 | -407% | 700 | -0.7
=70, unmilled 15318(5) | 2.33(1) 1.0% | 017 578 |- 37.80 | - 702 ] -
=70; milled 15.668(4) | 4.38(5) 1.11 | 031 565 [-2.2 2017 | 468% | 695 | -1.0
=65, unmilled 152.641(5) | 2.458(1) 1.11 | Q.18 566 |- 35,52 | - 696 | -
#=63; milled 16.170013) | 4424 1.15 | 0.31 548 [-32 1998 | -43.8% | 674 | -3.2
=60, unmilled 15.600(5) | 2.43(1) 1.11 | 017 568 |- 36.34 | - 698 | -
=60, milled 16.108(13) | 4.43(4) 1.14 | 0315 | 550 [-32 1992 | -452% | 676 | -3.2
=55, unmilled 15.826(6) | 2.63(2) 1.12 | 019 560 |- 3354 | - 688 |-
=55; milled 16.286(12) | 4.36(4 1.16 | 0531 544 [-2.8 2026 | -396% | 668 | -2.8
=20, unmilled 1613008 | 3.21(2) 1.14 | 0.23 548 |- 2752 | - 675 | -
z=20; milled 16.608(13) | 4.55(4 1.1% | 0.32 533 [-2.8 1942 | -29.4% | 656 | -28
=45, unmilled 167710100 | 4.20(3) 1.1% | 0.30 528 |- 21.02 | - £.50 | -
=45, milled 17.104(16) | 5.41(5) 1.21 | 0.38 518 [-1.% 1633 | -225% | 637 | -2.0
=40, unmilled 158.014(13) | 6.02(4 1.28 | 0.43 452 |- 1467 | - 605 | -
=40; milled 17.862(11) | 6.02(3) 1.27 | 0,43 496 | 408 1465 | -0.1 £.10 | +0.8
=37, unmilled 18.251(13) | 6.20(4) 1.29 | 0.44 486 | - 14.26 | - 597 | -
=37, milled 18.133(13) | 6334 1.28 | 0,45 4.8% [+06 1396 | -2.1 601 | +0.7
=35, unmilled 18.355(13) | 6444 1.30 | 046 483 | - 1372 | - 594 | -
=35; milled 18.231(14) | 6.60(4 1.2% | 0.47 486 | +0.6 1338 | -2.5 598 | +0.7
=33, unmilled 15.423(14) | 6.25(4 1.31 | 0.44 481 |- 14.14 | - 582 |-
#=33; milled 18.36%(15) | 6.70(5) 1.30 | 0.48 4.83 [+04 1318 | -6.8 594 | +0.3
=29, unmilled 18.697(14) | 6.47(4) 1.32 | 0.46 474 | - 1365 | - 583 | -
=29 milled 18.633(14) | 6.81(4 1.32 | 0.48 476 [ +04 1297 | -5.0 585 | +0.3
=25, unmilled 18.977(17) | 6.43(5) 1.34 | 046 467 | - 1375 | - 575 | -
=25; milled 18.817(16) | 6.84(4 1.34 | 0.43 4658 | +0.4 1281 | -6.0 577 | +0.3
=22.9; unmilled | 18.110022) | 6.64(8) 1.35 | 047 464 | - 1330 | - 571 | -
#=22.5; milled 15092019 | 7.04(5) 1.35 | 0.50 4464 |0 1254 | -57 571 |0
=20, unmilled 1%323(21) | 6.80(%) 1.37 | 048 458 | - 1300 | - 565 | -
=20; milled 19.236(27) | 6.58(7 1.36 | 0.47 461 [+04 1343 | 433 567 | +0.4
=175, unrulled | 18490021} | 6.31(3) 1.38 | 0.45 455 | - 1388 | - 560 | -
=17.5; milled 15.532(22) | 6.26(5) 1.38 | 045 454 | -0.2 14.10 | +0.8 558 | -0.4
#=15; unmilled 19.621(22) | 6.03(5) 1.3% | 0.43 452 |- 1464 | - 556 | -
z=15; milled 15597024 | 6.00(5) 1.3% | 0.43 4.53 [+0.2 1471 | +0.5 557 | +0.2
=10, unmilled 15.962(28) | 5.54(6) 141 | 0.39 444 | - 1554 | - 546 | -
=10; milled 15.901(26) | 5.58(6) 1.41 | 0.40 446 | 405 1583 | -07 548 | +0.4
=3, unmilled 200115y | 451413y | 142 | 0.32 443 | - 1956 | - 545 | -
=2, milled 20.101¢27) | 4.57(5) 142 | 0.33 441 |-05 1831 | -13 542 | -0.5
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TumnoBi npukiIaau MaTEMaTUIHOT 0OPOOKH — PO3KJIAJ raJI0 32 KOMIIOHEHTAMM-TY0J1eTaAMu:

Table 4.Peak-haloz-related correlations in unmilled and milled over-stoichiometric g-As Ze)mx
accepting decomposition procedure with post-FEDP and post-PDP components.

Sample, state: | Peak-halo | Peak-halo's parameterization
HFSDP), L AQ R L d.
x(PDP) AT A1 A A A
BsaoSean, Pre FSDP | 0438 | 0308 143 (204 |[176
unmilled: FSDP 1234 | 0.362 51 | 173 |63
KFSDP)=1.21| Post-FSDP | 1490 | 0.561 42 |112 |52
&PDP)=1.19 | PDP 2.227 | 0.514 28 | 122 |35
Post-PDP | 2.653 | 0.339 24 | 185 |29
TDP 3641 | 0.620 17 101 |21
A5405¢an, Pre-FSDP | 0432 | 0.334 145 169 |175
dry-mille d: FSDP 1214 | 0.304 52 169 |64
KFSDP)=1.26 | Post-FSDP | 1525 | 0492 |41 | 128 |5.1 K(FSDP)Z Q FSDP/ QFSDP
«PDPI=116 | PDP 2210 | 0511 |28 | 123 |35 post-
Post-PDP | 2.555 | 0.447 25 | 141 |30
TDP 3635 | 0.636 EEEER
AsspSeq, Pre-FSDP | 0.443 | 0.285 142 |220 |[174 Ta
unmilled: FSDP 1138 | 0.223 55 | 275 |63
HFSDP)=124 | Post-FSDP | 1414 | 0.302 |44 | 20.8 | 5.5
FDP)=1.13 | PDP 2096 | 0419 30 | 150 |37
Post-PDP | 2.378 | 0.503 26 | 125 |33 e Y
TDP 3.617 [ 0.624 17 101 |21 K(PDP) onst—PDP/ QPDP'
AsspSea, Pre FSDP | 0.442 | 0.334 142 188 |175
dry-mille d: FSDP 1165 | 0.304 54 207 |66
FSDFP)=1.26 | Post-FSDP | 1473 | 0.258 |43 | 243 |52 .
T eoprnie [pop S To e T3¢ can be well rationed as close to the
PostPDP | 2.512 | 0456 25 | 138 |31
TDP 3632 | 0.631 17 100 |21 Ehrenfest number 1.23.
Asa05ean, Pre-FSDP | 0468 | 0.340 134 | 185 | 165
unmilled: FSDP 1107 | 0.183 57 | 334 |70
FSDP)=138 | Post-FSDP | 1.530 | 0.019 |41 |329 |51
WEPDP)=1.15 | DPDP 2061 | 0.370 3.0 | 170 |23
PostPDP | 2.378 | 0.527 26 | 121 |32
TDP 3590 | 0.637 17 100 |21
Asa05ean, Pre-FSDP | 0.440 | 0.358 143 176 |176
dry-mille d: FSDP 1143 | 0.324 55 194 |68
KFSDP)=134 | Post-FSDP | 1.530 | 0.170 |41 |37.0 | 5.1
4PDP)=1.11 | PDP 2136 | 0.446 29 | 141 |36
Post-PDP | 2379 | 0.527 26 | 119 |32
TDP 3.623 | 0.627 17 100 |21
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Fig. 12. Schematic presentation of two neighboring atomic sheets in the layered structure of
monoclinic As;Se; separated by (020) xz-plane. Selected inter-planar (As)---(As) distances for As
atoms belonging to these sheets (in A) are denoted by dashed lines, the As and Se atoms being
respectively depicted in red and grey (see text for more details).
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Fig. 14.Fragment of AssSescrystal structure (SG P21/n, structure type a-AssSsn respect to [78]),
showingall possible inter-molecular centroid-centroid distances B-B in A (left); packing of As;Se.
cage-like molecules (only one molecule is shown for clarity) as the B[B;1] polyhedron (right),
which can be considered as incomplete distorted cubooctahedron (face-centered cubic close packing
of Cu structuretype shown at the bottom left),together with family of (120) crystallographic planes
corresponding to the hkl reflection (120) in the crystal structure of AsySes (/=97 %).
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Fig. 15.Fragment of AssSescrvstal structure (SG Prna, structure type a-AgySs dimorphite high-
temperature modification, or f-dimorphite in respect to [57])showingall possible mter-molecular
centroid-centroid distances B-B m A (left);packing of As;Se; cage-like molecules (only one
molecule 12 shown tor clarnity) as the B[ Bqz] polvhedron, which can be considered as deformed
anticubooctahedron (hexagonal close packing of Mg structuretype shown at the bottom lett).
together with family of (111) crystallographic planes corresponding to the hkl reflection (111)
m the crystal structure of AsySes(/ = 100 %).
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Table 1 Crystallographic data and microstructural parameters for the f-AssS4 (space groups C2/c) milled at different milling speeds n

Samples a(A) bB (AR) c (A) V (A% Ry, Ryp (%) D (nm) & (%o)

a 9.9547 (8) 9.4007 (8)/102.375 (4) 9.0024 (8) 822.88 (12) 4.05, 5.69 30.7 (1) 0.0043 (1)
b 9.9578 (9) 9.3987 (10)/102.387 (5) 9.0033 (9) 823.00 (14) 4.84, 6.35 302 (1) 0.0044 (2)
c 9.9469 (11) 9.3902 (10)/102.169 (6) 8.9843 (11) 820.30 (16) 2.50, 3.69 20.7 (2) 0.0054 (1)
d 9.9400 (2) 9.4052 (19)/101.786 (11) 9.0390 (2) 827.30 (3) 6.50, 4.05 256 (1) 0.0082 (1)

a non-milled; b 100 min™

' ¢ 200 min™"; d 600 min~

L a, b, ¢, p-unit-cell parameters; V unit-cell volume; R;, Rwp reliability factors;

D average apparent crystallite size; & average maximum strain. “Standard uncertainties (estimated standard deviations) are given in the

parentheses

B IMITOBAHIIT KIMNEOBLT pranHl (simulated intestinal thud —

SIF)
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3Ha4YeHb 29 - ue 3abe3neyye NOBHY
iHhbopmauiro npu manux r Ta gobpy
HopMani3auito gaHuX.

- 3MoMKa (poHOBOI CKNaaoBoi

- JoBroTpuBana sMomMkKa — ue 3abe3snevye

“rnapgkicTb” Ta nnaBHy KpUBY PYHKLil.

L O /
LGl = D ()= pol= (2 ) [olsted-Lsmior o [

aw.;?cwge.é f’
", II:I
i !

JIII
i |
orm——

7 T FREIR I':_
B . : Lt
% 4 F .'.

4000
0
20.0 40.0 60.0 80.0 100.0 120.0 2Theta
File : C:\ChemProg\WinXpow\Work\Samples\NTDSi02_V205\ !NewGood\Original\siov.raw Created : 18-Nov-08 17:12
Title : 8102 + V205

Comment

: Sample Si02 (90%) + V205 (10 %) for RDF calculation
mt (effective) = 0.395; T= 24.0 - 24.5 °C

Diffract.: Transmission Monochrom. : Curved Germanium (111) Radiation : 1.54060 Cu Generator : 40 kv, 40 mA
Detector : Linear PSD / Moving / Fixed Omega Scan Mode : Transmission

Range 1 : 2Theta(begin,end,step) = 2.200, 133.705, 0.015 850.0 sec/step Imax = 21509 ( PSD Step 0.48 850.0 sec/step )
Operator : stoe R / printed by STOE R / controlled by

Functional Materials 16, No.4 (2009) © 2009 — STC "Institute for Single Crystals”

Short-range order,

Structure features and paramagnetic centres
in oxide nanopowders

V.N.Shevchuk, D.I.Popod!,:y._chﬁ, Yu .N.Usq,'g'enkow,
P.Yu.Demchenko ', R.Ya.Serkiz

microstructural

investigations — study

of short-range order
parameters for
amorphous sample SiO,
(90 %) + V,0, (10%)
(materials for catalysis),
crystalline ZnO and SiO,,.



III. MIKPOCTPYKTYPHHMM AHAJII3

Tadmuma 1 -

napamMeTrpu

OJINKHLOT'O

HOPSIKY,

BU3HAUCHI 73

eKcrdepHI\-IeHTaﬂbHOi’ 3arajibHOI (PVHKIN pailaJbHOTO PO3HOILTY ATOMHOI I'YCTHHH
(OPPA) nid 3paska Si0, + V5,05 (90/10 Bar. %o).

j A N;
KOOpaHHaIiiHa cepa Paniyc koopanHaniifHoi KOOpAHHAIIIITHE YHCITIO
(HOMeED MIKY (MAKCUMYMY cpepu (KUIBKICTh CYCIIIB aTOMA)
(pyHKIIII)) (TUIOIIA 11T TIHKOM )

1 1,508(2) 2,84(5)
2 2,550(8) 4,7(4)
3 3.336(5) 7,8(2)
4 4,24 ~ 10
5 5.1 ~ 16

f HOpM =

T T T T T T T T T T T T T T
00 05 10 15 20 25 3.0 35 40 45 50 55 6.0

r(A)

N . x—r.)>
— eXp[( ) ]
2770']. 2Gj

PucyHok 1 — onuc 3aranbHoi OyHKLUIT pagianbHOro
po3anoginy atomHol ryctuHmn (PPPA) ona 3paska
SiO2 + V205 (90/10 Bar. %) kpusoto ["ayca.



INPAKTUYHE 3ACTOCYBAHHA
PesynbTaTtn gocnigXeHHa 6nmxkHboro nopsaaky B iHTepmeTtaniai Alg,Y,Dy,Nig

GRAPHIC - User : STOL R - [2AIB7Y4Dy1NiB. rsm]
A Fle Wiew Options Window Help

=W\&| [/ #H= =|[A RIL s[in| 2|

2 AIBTY4DVIMIB amorph siichka
Pa|r DF g(r), 293 E 12 AlBTDYSNIB amorph tabletka
p(r)/p, 107 (r(Al) = 1.43 E)
2800
2400
04
2000
% 1600
é -10 T T T T T T T T T
1200 2 4 6 8 10
r(E)
BupobneHa
- W HaniBamopdHa
/ CTpiyka
400
«——— BuxigHnn
M"‘.“‘“‘“ 4 | st 'k ﬂ 3 J A__Jl A A I\
200 40.0 60.0 80.0 100.0 1200  2Theta crnjiaB

[2Theta = 86,158, D = 1.1278, Int. = 1932.54




PEHTTEHIBCHKA JTU®PAKTOMETPISA:
KOPHUCHI PECYPCH

KopucHIi pecypcu
International Union of Crystallography
http://www.iucr.org/resources/other-directories/software

CadT MiHapogHol Cninkt KpucTanorpadie — #ypHany, Modorpadli, MikdapogHl KpucTanorpadoidnl Tabnuul, cnoBHWEW Ta HaBYankH MaTepiany, oHNaiH-cepeic
NepeBipHd AOCNIMHeHW CTRYHTYD No cif-dadny, Harbinew noBHWA KaTanor BaE3 Aadue Ta NporparHoro 3abeansyerds y ramyai dizvko-ximii TBepaoro Tina.

The International Centre for Diffraction Data (ICDD)

winny [odd. com

http://www.iucr.org/resources/data

Ay 1LICE Org

Cait MiknapooHoro LenTpy dudapakyidim: Badny — NpoBigHOT opradizadil & ranyal Nopowkosol JudpakToMeTpil. HaRHoBIWI A0CNiIHeHHA, HypHaNKM, OCBITHI
Marepiany, NporpanK Ta rpaHTH.

The Collaborative Computational Project (CCP14)

winny CCp T4 ac Uk

CaiT poapobHUKIE NporparHoro 3abeansdsHHA ANA CTRYKTYRHOMO adanizy . OCBITH MaTepiand, katanor Nporpard i2 BiNeHWM A0CTYNOM ANA akafetidHiy YCTAHoE |

BubpaHe nporpamMmHe 3abeanevyeHHs

Software of Institute of Crystallography, Bari  http://www.ba.ic.cnr.it/content/software

Crystal Impact http://crystalimpact.com/

FullProf Suite http://www.iII.eu/sites/fuIIprof/

WinCSD http://www.wincsd.eu/




NPUKNAOU

[Mporpama, sika 403BOSIIE KOPEKTHO NPOBOAUTU aHasli3 po3WKUPEHHS audpaKkuinHUX NiKiB
pisHumn metogamm — ue FULLPROF.2k (Bepcis 3.40 Ta BuLe), slka BXOOUTb B NakeT
nporpam WinPLOTR.

Rodriguez-Carvajal J. Recent developments of the program FULLPROF // Commission on Powder Diffraction (IUCr).
Newsletter. 2001. Vol. 26. P. 12-19.

Roisnel T., Rodriguez-Carvajal J., in: Materials Science Forum, Proceedings of the Seventh European Powder Diffraction
Conference (EPDIC 7), Barcelona, WinPLOTR: a Windows Tool for Powder Diffraction Patterns Analysis, 20-23 May 2000,
p. 118-123, Ed. R. Delhez and E.J. Mittenmeijer.

1. BU3Ha4YeHHs po3ainibHNUX XapakTeEPUCTUK AndopakTOMeETpa: PEHTIEHIBCbKa 3MOMKa
BNUCOKOKpUCTani4yHol pedoBuHN — ctaHgapTy. 3a pekomeHaauieto ICDD ue moxe 6yt NIST
SRM 1976 (Al,O,), Si, Ge, LaB;,.

2. CteopeHHs Instrumental Resolution File (IRF) wnsixom profile-fitting npoueaypu y WinPLOTR.

42000

36000 etcu FFL.ERF

Yobs

Yoalc

30000
Yobs-Ycalc

Background_points

24000

Bragg_position

18000

12000

Intensity (arD. nnits)

G000

-6000

n—f‘""*Jl ‘]Tl¥ {

-12000 T TN NI NN TN SN TN I TS SN SN N [N N T TN SN NN TN SN N NN SO TR SO N [N TR SUAN N S S

=
o
=
I
=
o
=1

g0 100 120 140
28 (%)

Penrreniscbkuil mpodins etanony NIST SRM 1976 (AL O,), nuppakromerp HZG-4a, CuKa-npominas

o
=



NMPUKNAQU

> [Mporpama creopioe Instrumental Resolution File (IRF), B 3anexHocTi Bia BXigHOT iHCTPYKLUIi pisHMX
TMNIB L~
@ Lister - [c:\ChemProg\FullProf_SuiteMIns\HZGresCu.irf] E_|@|E|
File Edit Options Help 100 %%
Approximate resolution function of a conventional X-ray diffractometer CuKalphai,?2
H Uins Uins Wins sins ¥Yins 2ins
B.005985 -0.003716 B.005668 a.oe17a7 a.o a.o
B.005985 -0.003716 B.005668 a.oe17a7 a.o a.o
< >

[TapameTpu peHTreHiBebKOTO Npod o ais nudpakromerpa HZG-4a ta mopiBHSAHHS iX 13 3HAUCHHSIMH JIJIS HIIAX

I[Hq)paKTOMeTplB' & Lister - [c:\ChemProg\FullProf_SuiteMInsieticu_PF,IRF]
= Fle Edit OpHons Help 100 % i
SEIECt ynur diffractnmeter' &l 1t My resolution function: 2theta(deg.) HG({deg.) HL(deg.) S L D_L Al
. — a9 * <¢== include number of points in the following list

; 25562731 0.056804  O.B25852  0.000008  0.BEBDOS
. 2 35. 140488 995594  0.026848 0000000 0.0AAR00
X-Rays powder diffractometer: 97.770977 9.055778  0.027168  0.088000  0.0000G0
) ) 1678254 B.as5607 B.827684 b.appann a.fedooe
*  conventionnal diffractometer (T=0.008; ¥=-0.00%; W=0.005) 43.347183 09.055563  0.627923  0.000080  0.600000
6 .A7HSHY 8655531  0.628351  0.000008  0.800BOC
" INEL CP3120 (U=0.016; V=-0.01; W=0.00%2) 52.544586 9.055664  0.629842  0.000000  0.900000
4 57.491673 8655081  0.B30427  0.000008  0.BEEBOE
- iati -0 V=1 W= 59730491 9056191  0.030921  D_BAGODD  ©.0ODOOD
synchrotron radiation (U=0.0, ¥=0.0; W=0.00) 61.123386 9.856342  0.831240  ©.008600  0.908860
61.294914 B.056362 B.031280 d.apoenn a.0epane
66.513222 9.057098  0.832685  0.000000  0.000000
68.200765 8.57303  0.633077  0.000000  ©.B00DO0
Neutron powder diffractometer: 70.413933 9.057823  ©.933728  D.0000AR  0.A00DDDD
74.293663 0.658788  0.B34972  0.000000  0.BEGBOO
f-\' G42 (L‘LB:' 1=2343A (‘U:Dl 13, v:_DzDg’ W:DEEE) 76 866898 B.85%391 A.035875 d.apaean a.680000
80.692604 9.060561  0.B37346  0.000000  0.900900
- - T - 8h.352432 0.061866 0. 0838911 0. 000000 0. 800000
£ G4 (LLE) l=2424 (=031, V=-02%; W=0.0%) 86.348389 9.062662  0.839837  0.000000  0.900DO0
86. 496254 8062723  0.B30908  0.000000  ©.BEEBO0
7 3TZ(LLE) 1=1.2254 (U=0.306; V=-0.488; W=0.236) 88.988327 0.063811  0.041147  0.000000  0.090000
90.697372 9.864617  0.B42052  0.000008  0.000D00
" DB (IL]_,) =1 504 (‘U:D_Dgﬁ-’ V=-0220; W:D_jj;;) 91.182961 0. B64855 0. Bu2317 0. 0Boe0o 0. Bpoo6R
95.241249 0.067019  0.044691  0.000008  ©0.000080
98.388N20 0.068924  B.GNETWN  B_BBBEBD  0.000800
101. 064949 9.070718  0.048654  0.000000  0.900PO0
. 103385717 8.072354  0.B50380  0.000008  ©.BEOBO0
" other diffractometer (enter your own UV, W vatues) 110979294 8.979023  0.057332  0_@90000  ©.0RAGOD
114859875 9.082248  0.060664  0.000000  0.500DO0
116092033 B.B84STR a. 863066 b.apoenn a.bepose
116586777 9.085172  0.063677  0.009680  0.000000
122. 032234 8092478 0.071188  0.000008  ©.BOBDOS
124588272 0.096464  0.075282  0.000000  0.900P00
127.672028 8161843  0.B80809  0.000008  ©.B00B00
129 863815 B.106899 0.885184 b.oppaon a.a00a00
Cancel 131.082199 9.188641  0.887799  0.000008  0.000900
136074112 B.128616 g.iee136 a.pooenns 0. sopose
142295197 9.140168  0.12035%  0.000000  0.900000

145 _1A3R3L A_1S1AAR n_13221u A_NAARAR n_ARAAAR s

< >




NMPUKNAQU

> 3. OTpumaHi gaHi Npo IHCTPYMEHTanNbHY CKagoBy Y po3LWMPEHHS npodinto HeobxiaHo

BHECTU Yy KOHTPONbHUM dpann winplotr.set, i BkazyBaTu wnsax go avny *.irf y BxigHomy
doanni ons yTo4YHEHHs *.pcr.

@ Lister - [c:\ChemProg\FullProf_SuiteMIns\WinPlotr Set Culwinplotr.set] g@]g|
File Edit ©Options Help 91 %
M

[HY YWAUVELENGTHS (R}]
1.548568 1.544398 0.5006880 0.00000

[M¥ RESOLUTION PARAMETERS (U, U,W.X.¥,72)]
t HG=2=2= U_tan=x*Z2{theta) + U._.tan{theta) + Y
* HL = X.tan{theta}) + Y/cos(theta) + 2
0.AB5985 -0.003716 B.005668 A.06817087 O0.000000 O.00000A

[DETERMINATION OF INTRINSIC PROFILE COMPOHENTS]
¥

[HM¥ IRF FILE (IRE3D=1)]
C:\ChenProg\FullProf_Suite\IRF_Files\HZGresCu.irf

£

i Lister - [c:\ChemProg\FullProf_Suite\Work\SizeStrain\2methodNprof7\2\sp52. pcr]
File Edit Options Help
COMM CuB.1Mif.1Co1.6Mn1.204 measured at HZG-4a Diffractometer ~
t Current global ChiZ (Bragg contrib.) = g88.08
* Files => DAT-file: sp52, PCR-file: sp52
tJob Hpr Hph Hba Mex Hsc Hor Dum Iwg Ilo Ias Res Ste MWre Cry Uni Cor Opt Aut

a 7 1 a 1 a a a a a a 1 a a a a a a 1

H
* Resolution file for Pattern#t 1
C:\ChemProg\FullProf_SuiteMIRF_Files\HZ2GresCu.irf
*Ipr Ppl Toc Mat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym HK1 Fou Sho Ana
1 a 1 a 1 a8 4 8 a 1 a 1 1 1 ] a 1
H
¥ lambda1 LambdaZ2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz ->Patt# 1

1.936048 1.939988 8.5000 50.008 7_0008 1.0000 0.0000 LO.@8 8.0008
H

4




NMPUKNAOU

BuaHayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB LWNSXOM
npoueaypwu profile fitting y iHTepdenci WinPLOTR

(npocTi meTtoaun “iHterpansHol wupunHu’ nikis — simplified integral breadth methods)

»ABTOMaTUYHUIM MNOLUYK NiKiB, iIHOMBIAYaNbHe gogaBaHHA abo BigHIMAHHS MiKiB.

e Pkt Cptwme Pores Selecin X maor [t Setvekd piot cptom  fmst Extmnal sy
&6 8| NG| 0(H| Rl N | B Wi x|
TITLE
nomelsatn
20000 —  Conirold
] pisgra
] 26000 - =
Son o e 200 - pe ~
5000 - -
500 - 4 —
E 4 B Moo - 5 4
£ 1e0o0 - 4 H g &
E ] E 10090 - if " =
E- 13000 E = % - ]
£ : E e b | & =
1 2
= 10000 = = = l { [ i
1 200 = i 4 i h e A ]
- | P | L
g 8 . 2000 C =
F g = . L 1 ) 4 A
a ] ! I |
4000 [ { -4 00 - -
L § A A ¥ 1
1009 L J 10000 )
! 36 n 10 150 A 5 H = = o = =
28 %) LA
Search Hragg peaks an patiem Profile peaks fitting

» Profile fitting — npoueaypa



NMPUKNAOU

BuaHayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB LWNSXOM
npoueaypwu profile fitting y iHTepdenci WinPLOTR

(npocTi meTtoaun “iHterpansHol wupunHu’ nikis — simplified integral breadth methods)

»>[loeTanHe yTo4HEHHS1 bOpMM MiKIiB 3a 4ONOMOro BxigHoro danny *.pic/*.new

& Lister - [c:\ChemProg\FullProf_Suite\Work\SizeStrain\1method Profile Fittinglsp52_PF.new]

File Edit Cptions Help
=> TITLE: sp52.DAT ~
t Ang_init  Ang_fin Hbac Hpeak Hcyc Inte Inst Jobt Cont Weight Corr Constr Percent  IRF
15.88008 145.0008 18 15 28 ] ] 1 ] ] ] a e ]
1.936048 1.939988 <= Lanmbdal & Lambda2
t* Global Profile Parameters:
A.5A0a0a a {= Kalph2/Kalph1 ratio & Flag
0.800000 i} <= Asymmetry parameter{S_L) & "
08.0000008 o <= Asymmetry parameter(D_L) &
0.0836618 1 <= Parameter U &
—8. 881646 1 <= Parameter U &
8.0817406 1 <= Parameter W &
08.0000008 i} <= Parameter 2 &
a_1000080 a <= Parameter Etad@ &
08.0000008 o <= Parameter ¥ &
* Background Parameters:
% 2Theta/TOF/Energy  Background Flag
15.08000 1973.4211 1
28._4000 1953.6257 1
4910600 2053.2478 1
65.8000 1958.6959 1
66.2500 1990.8273 1
78.9000 2044 .2520 1
92.0000 1991.8741 1
1085.6588 19924211 1
119.7500 2022.5931 1
145.8000 2078.2336 1
t* Reflection Parameters:
2 2Theta Intensity Shift-FWHH Shift-Eta Flags
23.275841 457 .15 0.000000 o.poeBEe 1 1 8 @
38.503384 1816 .41 0.8000008 6.00806068 1 1 68 @
45499302 5092 _4é 0.800000 6.00806068 1 1 8 @
47 644859 255 .81 0.600000 o.ppesEe 1 1 8 @
55.608952 914 .23 08.8000008 6.00806068 1 1 68 @
69.693703 Shh_ 64 0.800000 6.00806068 1 1 8 @
74.609558 1658.51 0.808000 g.oeeBEe 1 1 B8 @
82 _571365 2018 .94 0.800000 6.006806068 1 1 8 @
95.885837 289 .12 0.800000 6.00806068 1 1 8 @
99.800957 529 .43 0.808000 g.opeBEe 1 1 B8 @
101._386681 187 .72 0.8000008 6.006806068 1 1 8 @
107 865982 151 .47 0.800000 6.00806068 1 1 8 @
121.612286 432.77 6.0600000 g.ogeBAEE 1 1 B8 @
127.291763 1365.83 0.000000 B.pogeEe 1 1 8 @
137908463 646 .67 0.800000 6.008006B 1 1 68 @
t chiz = 2.89720
b
< ¥




NMPUKNAQU

BuaHayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB LWNSXOM
npoueaypwu profile fitting y iHTepdenci WinPLOTR

(npocTi meTtoaun “iHterpansHol wupunHu’ nikis — simplified integral breadth methods)

A winPLOTR [LLB Saclay - LCSIM Rennes]
File Plot Options Poirts Selection 3 space NECSFEURUER Rietveld plok options  Text External applications Tools  Help
=El & RIQGIE| Pelpll 2ometen P|  oos|[])meer| X
Average
Multiply ¥ andfar ¥
g ==TITLE: == TITLE: sp52.DAT
Eanstmt time normalisation (UXD})
31000 DL L I e S S E L B S B S B A
- RBeload data fis - _ -1
27000 s Eit with WL PTG, NEW SpRA R ARE -1
[ Eit with TOF PIE{ NEW :
B Background substraction Youto ]
Gl = EWHM (Caglioti) =
B LRUF, (U,W,,5,Y,2) Yobs-Yeale ]
i Read LR.F. fi= =
| Background_points -
19000 - -
B Er - _]
- = -
£ - ]
E 15000 E J
8 z ]
< T ]
E‘ 11000 - -
g & ]
Fa00 1 -
3000 L i -
[~ o 7]
-1000 = L | | | g I | -
: & J. + Y W, A " :
I ' 4 : S ]
~5000 TR TN WY SN (NN TN TN TN TN [NNRY TN WNNNY UMY TN (NS WO WO SO TN (SNNY UMY SHNY TN TN (ST MO SN TR N (NS S T T
10 30 50 70 90 110 130 150
26 (%)
| Profile fitting from a CWL PIK file




NMPUKNAQU

» OiHanbHUW pesyrnbTaT — MIKPOCTPYKTYPHUI doann *.ipc 3 napameTpamm npodinto i
MIKPOCTPYKTYPHUMIN MapameTpamu.

File Edit Format Wiew Help

== Data file name: C:\ChenProgiFullProf Suite'\WorkiSizeStraini\lmethod Profile Fitting\spLzZ DAT

Instrumental resolution function is defined :

1
1

1
[
!

! intrinsic profile components can be determined.
1

1

IRF: HGi**Z = U.tan**Zitheta) + V.tanithetca) + W

L HLi = X.tani(theta) + ¥/cositheta) + Z
' with: U = 0.0060; VW = -0.0037; W= 0.0057
1 ¥ = 0.0017; ¥ = 0.0000; Z = 0_.0000

1
! The following items are output:
! d* : reciprocal distance, HGo, HGi: cbserved and instrumental Gaussian FUHI
! HLo, HLi: cbserved and instrumental Lorentzian FWHI
betab*, betal*, beta*: CGaussian, Lorentzian and total Sawple Integral Breadth
"beta*" is calculated using the De Heijser formula (J.Aappl.Cryst. 1332, 15, 308-31)
Integral breadths (Eeta*) are given in reciprocal lattice units {(l/angstroms) x 1000

1
!

!

! Apparent szizes are given in the same units as lambda {(angstroms) (Zcherrer Formula)

| Apparent size = l/beta*

! Max_strain (%) = 1/Z beta*_ strain * d{hkl}

!

! Position d* HGo HGL HG HLo HLi HL Betalo* BetalGi* BetaG* EBEetalo* Betali* Betal®* Beta* beta*/{d*)**Z (heta*/fd*)**Z app_size

max_strain

Z£3.E7E8 0.Z084 0.1210 0.0718 0.1095 0.0102 O0.0004 O0_00%% 1.2Z309% 0.674%9 1.0294 0,142 0.004% 0.1372 1.1122 EE_7E0Z Zg.80 294 Fg
Z.6831

28.5024 0.32408& 0.1401 0.0714 O0_.1205 0.0110 0.000&8 O0.0104 1.Z&82 0.6470 1.059le 0O.14866 0.0080 O0O_138& 1.1812 10.1811 1z.032 246 62
1.7338

454393 0.3335 0.1460 0.0718 O0.1271 0.0114 0.0007 O0.0107 1.Z3F4 0.6358 1.125Z 0.14%3 0.0093F O0_1400 1.Z1E8 7.EL74 9.E8 BEZ.63
1.5E1E

47 6443 0.4172 0.1421 0.0721 0.12%4 0.011& 0.0002 O0.010% 1.3003% O0.63227 1.1360 O0.180Z 0.0092 01405 1.2E67 7.0451 2. 64 8lE5.Z0
1.4700

EE. 8050 0.4813 0.186% 0.0733 0.1387 O0.01Z3 0.000% O0.0114 1.3317 O0.6EZ2EF 1.1774 0.1583% 0.0112 O0O_14Z& 1.2695 E.4873 .34 787.73
Lo3lde

636337 0.5303 0.1770 0.0773 0.15%2 0.013% 0.0012 O0.0127 1.3%3% 0.6091 1.2538 0.16l0 0.0133 0_.1472 1.3488 3.8713 L.EZ T41.40
1.14E258

T4 6096 0.8261 0.1856 0.07%4 0.1673 0.0145 0.0013 O0.013Z 1.4170 0.6064 1.2808 0.1637 0.0148 01491 1.3768 3.51z4 4. 5d TEG.33
1.0235

GZ.5714 0.8681l6 0.2018 0.0838 0.1835 0.0158 0.0015 0.0143 1.454% 0.6041 1.3235 0.1681 0.015% O0_15Z21 1.4Z16 3.053% 4. 35 703.41
1.0428

25.0850 0.7622 0.2338 0.0%36 0.2143 0.0183 0.001% 0.0ls4 1.5146 0.6061 1.38830 0.1750 0.0173 0.157z2 1.4893 Z.563% 3.82 671.458
o. 2770

22,8010 0.7202 0.248¢ 0.0385 0.2283 0.0125 0.00zZ0 0.0174 1.5356 0.808¢ 1.4110 0.177& 0.0135 0.1530 1.5138 Z.4Z38 3,87 g60.73
Q. 2577

101,387 0.7233 0.2540 0.1003 0.2333 0.0122 0.00zZ1 0.017% 1.543% 0.5097 1.4185 0.1784 0.0137 0.1537 1.5214 Z.38lz 362 gE7.30
Q. 2517

107.8660 0.83E0 0.2785 0.108% 0O_ZE&3 O0.0218 0.0023 0.01%5 1.573& 0.6150 1.4430 0.181% 0.013E8 O0O_1&8EZE 1.E5E5EE Z.ZEE6 3. 46 gdd 11
0. 3236

121.6122 0.3018 0.3484 0.1345 0_.321Z 0.0273 0.0031 0.024Z 1.&6306 0.6313 1.E035 0.1884 0.0211 0O_1&873 1.6113 1.3813 3,15 GE0.GE
0.53334

1z7.E251% 0.32E7 0.387¢ 0.1E0Z 0.3E57&¢ 0.0304 0.0034 O0.026% 1.&65E1 0.6357 1.EE32 0.120% 0.0217 O0_1&83:& 1.63E3 1.3045 3.11 &lZ. &5
o.2217

137.9085 0.9641 0.48%8 0.1%0% 0.4E511 0.0322 0.0044 0.023% 1.&880 0.&572 1.E5E4E5 0.19E50 O0_022s O0O_17E2E 1.66E6 1.7319 Z.98 &00. 37
0. 2638

=» Awverage apparent size and standard deviation (anisotropy): TED.ZE a0.42)

=» Average max strain and standard deviation (anisotropy) H 1.2210 0.46E5)




NMPUKNAOU

Bu3HayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB B Npoueci yTOYHEeHHA KpUcTaniyHol CTPYKTYypuU

» B npoueci yTOYHEeHHS KpuUcTanivyHol CTPYKTypu metogom PiTBenbaa MOXIMBUM € KOPEKTHO
BU3HAYNTU NapaMeTpu MIKPOCTPYKTYpU (po3mMepun AOMEHIB Ta BHYTPILLHI Hanpyru),
BukopuctoBytoun pyHkuito Ne 7 — Tompson-Cox-Hastings pseudo-Voigt function (TCH pV).

H =U+(1-$)"Dj;)tan’ 6’+Vtan6’+W+—]C;
COS

[Y +F(S,)]
cos &

H, =(X+<£Dg,)tan 0 +

» [Npouenypa yTo4HEHHS € 3BMYanHa, arne Ha noyaTky YTOYHEHHS BCi mapamMeTpu npodoifito MarTb
nopiBHioBaT 0, @ IHCTPYMEHTanbHI AaHi YntatoTbes i3 havny *.irf.

» Shape1, U, V, W, X, Y, I5=0
Topi: MikpoHanpyru € dyHkKuiero Big (U, ap, X)
Po3mipu kpucTtanitiB € pyHkuiero Bia (Y, lg, o)

> ®yHkUil Dgr(ap) Ta F(a,) MaoTb pisHi BUpasn B 3aneHoCTi Big 3agaHnx Mogerneun ansa onucy
BKIlagy pPo3Mipy Ta MiKpoHanpyr 40 pPO3LMpPEHHS AndopakuinHUX NiHin.



NMPUKNAOU

Bu3HayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB B Npoueci yTOYHEeHHA KpUcTaniyHol CTPYKTYypuU
» [Mpuknag BxigHoro danny *.pcr Ha no4vaTKy MIKPOCTPYKTYPHUX OBpaxyHKiB.

& Lister - [e:\ChemProghF ullProf_Suite\Work\SizeStrain\2methodMprof7A3krd\sp52. pcr] .
File Edit Options Help 57 %

COMH CuB.1NiB.1Co1.6Mn1.204 measured at HZG-4a Diffractometer -
* Current global Chi2 (Bragg contrib.) = 87.33
t Files => DAT-file: sp52, PCR-file: sp52

Hph Hba Hex Hsc Mor Dum Iwg Ilo Ias Ste Hre Cry Uni Cor Opt Aut
1 a 1 a a a a a a 1] a a a a a 1

* Resolution file For Patternit 1
C:\ChemProgiFullProf_Suite\IRF_Files‘\HZGresCu.irf
tIpr Ppl Ioc HMat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym Hkl Fou Sho Ana

a a 1 a 1 8 4 A a 1 a1 1 1 a a1
'

* lambdai Lambda2 Ratio Bkpos Wdt Gthm muR HSyLim Rpolarz ->Patt# 1
1.936640 1.239988 6.5008 to.AB8A 7.0BB0 1.08080 A.0000 La.ag 8. 08088
L ]
tHCY Eps R_at ER_an R_pr R_gl Thmin Step Thmax P5D Sent@
L B8.18 1.8 1.680 1.80 1.88 15 .08808 8.85 08008 145 . 80680 8.808 a.808

L ]
* Excluded regions {LowT HighT) for Patterns#t 1

a.80 1495
H
H
12 tHumber of refined parameters
L ]
t Zero Code Sycos Code Sysin Code Lambda Code MORE ->Patt# 1

-8.81617 11.80 0O.00000 0.068 0.00000 0.00 0.000000 a.00 L)
*  Background coefficients/codes for Patternft 1

2048.8 65 . 866 -204 .88 -18.788 178.38 -65%.873
31.8688 41.0688 t1.068 61.0808 71.808 81.008
et bt bt bttt ettt ettt et ettt et et et et et et et et et bt et ot o bt el
t Data for PHASE number: 1 ==> Current R_Bragg for Pattern#t A 33.18

CuBf.1Hi@.1Co1.6KHN1.204 (spinel cubic)

H
tHat Dis #Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk ore
6 L) 0 6.6 8.8 1.8 g a 8 g a 68856360.000 L) 1
H
4 di Hel Sol Hom Ter Brind RHua RHub RHuc  Jtyp Hsp_Ref Ph_Shift H_Domains
3 g a L) 8 1.0008 0.0000 0.0000 0.0008 L a L) g
H
£ | >




NMPUKNAOU

Bu3HayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB B Npoueci yTOYHEeHHA KpUcTaniyHol CTPYKTYypuU
> [puknag BXigHoOro avny *.pcr Ha NoYaTKy MIKPOCTPYKTYPHUX OBpaxyHKIB.

&l Lister - [c:MChemProg\FullProf_Suite\Work\SizeStrain\2methodNprof#\3krd\sp52. per]
File Edit Options Help

H -
tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore

6 8 @68.806.01.8 B8 B8 B8 B8 @ 68856360.888 B 7 1
L]

tJui Jdi Hel Sol HMom Ter Brind RHua RHub RHuc  Jtyp Hsp_Ref Ph_Shift H_Domains

5 3 6 B8 8 6 1.0008 0.0000 O.0000 0.0000 8 a a a
L]
H Max_dst(dist) (angles) Bond-Ualence Calc.
2.5000 A.0000
Fd-3nmn {--3pace group symbol
tatom Typ X ¥ Z Biso Occ In Fin H_t Spc /Codes
1] 1] A.26258 0.26258 B.26258 B.990680 32.00868 @ @8 @ a
161.68 161.060 161.00 0.08 0.680
Cun CU A.12568 0.125688 @.12508 @.60060 G.89868 @ @8 @ a
o.89 0.080 o.08 0.08 o.89
CoA CO A.12568 A.125060 6.12560 6.608660 7.20868 @ @ @ a
a.88 a.88 a.88 6.88 a.88
CoB CO 0.50000 0.50000 0.50000 06.60060 5.60060 0 8 @ a
a.88 A.88 a.88 6.088 a.88
HnE HMH 0.50000 0.50000 0.50000 0.65060 9.60060 0 8 @ a
a.88 a.88 a.088 a.88 a.88
HiB HI 0.500080 0.50000 0.50000 O.65060 O6.80660 0 8 @ a
a.088 a.088 a.08 a.08 a.088
YommEEan > Profile Parameters for Pattern # 1
! Scale Shape Bou Str1 Str2 Str3  Strain-Model
H.000688 | 0.00008 G.00088 G.00688 0.00808 a

LorSiz Size-Model

6. 600 6.000
i C alphd beta ganma #Cell Info
8.207648 8.2976L48 B_297648 00.000000 90.000000 90.000000
91.00088 91._860008 91.00000 0.080080 g._80000 @._00800
!t Preft Pref2 Asyl Asy2 Asyd Asyy s L D_L
0.0000@ 0.00008 O.000BG ©.150817 0©.81161 0.000080 0.66000 O0.80800
g.00 0.00 8.8 111.8986 121.00 a._0o a.00 a.00
t 2Th1/TOFA 2Th2/TOF2 Pattern # 1
15._8060 1459060




NMPUKNAOU

Bu3HayeHHA MIKPOCTPYKTYPHUX NapaMeTpiB B Npoueci yTOYHEeHHA KpUcTaniyHol CTPYKTYypuU

> HacTynHi po3paxyHKn 34IMCHIOKOTLCS B 3aneXHOCTi Bia 3aBgaHHs. Npuknag BxigHoro doanny
*.pcr onst ogHo4YacHoOro 06q|/|cneHHs=| p03M|p|B Ta Hanpyr B iI30TPOMHOMY HaBMNMXEHHI.

s > Profile Parameterﬁ for Pattern # 1
* Scale Shape Bov St Str2 3tr3  Strain-Hodel
A_14385E-87 a.00a0a8 a.goaaa g.aa060 g.aa060 g.aa060 a

21.80868 a.0a6a g.aaa a.aaa g.aaa 8.086

4 u ] W ¥ Gausiz LorSiz Size-Model
0. 889767 a.0aa0608 a.paaa6e { p.B53981) -0.68821808 a.aafaon a
159 0088 a.008 0.000 { §RERY 3 §168% 141 600 a.0oa

H a b c alpha beta gamma #iCell Info

B.296567 8.296567 8.296567 O0.000000 90.0000008 920.0000040
01._.8680888 01.08080088 01.0800088 8.00080808 8.00080808 8.00080808

' Prefi Fref2 Asy Asy2 Asy3 Asyh s_L D_L
0.00060 0.90000 0O.00000 0.62618 0.12986 0.00000 0O0.00000 O.00000
0.00 0.00 g.88 111.80 121.00 6.060 6.060 6.80
t 2Th1/TOF1 2Th2/TOF2 Pattern # 1
15 . 008 145 . 000

> [Npuknag BxigHoro danny *.pcr ong ob4YMCreHHA PO3MipiB B aHI3OTPOMNHOMY HabBMMKEHHI
(mogenb ccpepqumx rapMoHiK Ans KybiYHOT CUHIOHIT).

——————— *» Profile Parameters for Pattern # 1

! Scale Shape1t Bou 5t Str2 Str3 Straln Model
0.14301E-07 0.00000 O0.00000 O0._00000 0.80000 0.00000

21.008088 8.aaa g.o08a a.oaa a. ﬂﬂﬂ g.o08a
H u U U b ausi LorSiz el
B.00800080 B.0008000 B.000000 B.0000008 i. n?aunu B aga99s a. BBBBBB
a.dan g.4daa g.4daa a.8a8a . 888 (11118 a.aan

H a b c alpha Deta gamma #iCell Info
8.296818 8.296818 B.296818 00.000060 90.000000 PB aaoooo
91.00008 91.860000 91._00000 @.o0o00808 a.00088 0.oo0000

!t Prefi Pref2 Asy1 Asy2 Asy3 Asyl 5_L D_L
a. ﬂﬂﬂﬂﬂ 0.000080 O0.00000 ©.601907 0.13457 0.00000 0.00000 O.00000

aa 0088 g.088 111.68 121.068 6.068 g.088 a.00
Hﬂﬂ Ku1 6 62 K81
ﬂ a5y us 8.08954 B.11888§ 8. 0000084 H.175233
64808 17188 .64 131.88

t 2Th1fTﬂF1 2Th2/TOF2 Pattern # 1
15.08088 145 0080



ISizeModel

ISizeModel

ISizeModel

ISizeModel

ISizeModel

ISizeModel

ISizeModel

ISizeModel

'S

15:

16:

17-

18-

19:

20:

21:

22:

NMPUKNALN

Monoclinic with unigque b-axis up to 4th-order Ylm's:
Y00,Y22+,¥22-,Y20,Y44+ Y44 Y42+ ,Y42-,Y40
Spacegroups 3-15 (Laue class 2/m)

Trigonal with hexagonal setting, unigque axis ¢
Spacegroups 149-167 (Laue class -3 m)
Ylm's up to 6th order: YO00,Y20,Y40,Y43-,Y60,Y63-,Y66+

Cubic - x,y,2 aleng a,b and c.

No restriction for spacegroups 195-206 (Laue class m -3)

For spacegroups 207-230 coefficient of K62=0 (Laue class m -3 m)
Cubic harmonics Klm's up teo 8th order: KO00,K41,K61,K62,K81

Orthorhombic - Spacegroups 1l6-74 (Laue class mmm)
¥Ylm's up to 4th order: YO00,Y20,Y22+,Y40,Y42+,Y44+

Hexagonal - Spacegroups 168-194

For spacegroups 177-194,coefficient of ¥Y66=0 (Laue class 6/mmmm) .

No restriction for spacegroups 168-176 (Laue class 6/m )

Spherical harmonics Ylm's up to 6th order: YO00,Y20,Y40,Y60,Y66+,Y66-

Trigonal with hexagonal setting, unigue axis c
Spacegroups 143-148 (Laue class -3)
¥Ylm's up to 4th order: YO00,Y20,Y40,Y43-,¥Y43+

Tetragonal - Spacegroups 75-142

For spacegroups B89-142 coefficients of Y44-=0, ¥Y64=0 (Laue class 4/mmm)
No restriction for spacegroups 75-88 (Laue class 4/m)

Ylm's up to 6th order: YO00,Y20,Y40,Y44+,Y44- Y60,Y64+,Y64-

Triclinic
Spacegroups 1-2 (Laue class -1)
Ylm's up to 2th order: YO00.Y20.Y21+ .¥21- . Y22+ .Y22- =



NMPUKNALN

IstrainModel = 1 Orthorhombic strain in a tetragonal lattice.
Refined parameter STR1.

IstramnModel =2 Strain along "a" 1 an orthorhombic lattice.
Refined parameter STR1.

IstramnModel = 3 Stramn along a diagonal of the ab plane in an orthorhombic lattice for which an
equivalent monoclinic double cell has been used.
Refined parameter STR1.

IstramnModel =4 Same as 3 but strains along the two diagonals.
Refined parameters STR1, STR2.

IstramnModel = 5 Strain in an orthorhombic lattice with fluctuations along "a" and "b" and correlation
between "a" and "b".
Refined parameters Strl. Str2 Str3.

IstrammModel = 6  Strain in an orthorhombic lattice with fluctuations along "a", "b" and "c¢" and
corr{a.b)=-1, corr(a.c)=1, and corr(b.c)=0.
Refined parameters Strl. Str2. Str3.

IstrainModel = 7 Umiaxial mucrostrain. DST(STR) 1s assumed to be of the form
DST(STR)=STR1*cos(phi). where STR1 1s the refined parameter and plu 1s the angle between the
scattering vector (b k 1) and the vector defining the axial direction of strains {[St1. St2. St3] in line 37}

IstramnModel = 8 General anisotropic strain of hexagonal symmetry.
(Seeref 17)

IstramnModel =9 Strain adapted for compounds LaNi5-like. Formula by:
P Thompson et al, J.Less Comm Met 129, 105-114 (1987)

IstramnModel =10 General amsotropic strain for orthorhombic symmetry.
(Seeref 17)



NMPUKNAOU

BusHayeHHs MiKPOCTPYKTYPHHMX IapaMeTPiB B IPoOLeci YTOYHEHHS KPUCTAJIYHOI CTPYKTYPH

b

» Bubip moneneit qiisa yrounenns — nporpama FullProf PCR Editor

Size [ Strain Information: Phase 1 Pattern 1

t adel: |Straim’5ize pararieters accarding to selected models ﬂ
Stiain  Size | Refins Al
Model: |.-‘-'mis0tr0pic Laorentzian size broadening (5 pherical Harmaonic) j Fies Al

| | Broadening Size [SH] |
Laue class: m

k0o K41 KE1 KE2
Coefficients  [0.05455 [ |0.00955 [ [0.11388 [+ (0.00000 H
< >

» Bizyamizariis — nporpama Graphic Fourier Program

= Grapak ot Brogeam brorage Sos Uagram
o0 e |




NMPUKNAQU

BusHayeHHs MiKPOCTPYKTYPHHMX IapaMeTPiB B IPoOLeci YTOYHEHHS KPUCTAJIYHOI CTPYKTYPH

» Buxignuii $haitsn — MiKpoCTpyKTypHHH (aitn *.mic

B sp521 - Notepad
File Edit Formatb ¥iew Help
! {(Beta-size) is obtained from the size parametars contributing to the FWHM: ~
! FWHM"Z (G-size) = Hgz"2 = IG/cos*Z{theta)
! FWHHN {L-size) = Hlz = { ¥ + Fi{Sz)}/cositheta)
! {Beta-strain) is cbtained from the strain parameters contributing to the FWHM:
| FWHM"2 (G-strain) = Hys"2 = = (U+[{1l-z)DET]"2) tan"Z(theta)
! FWHM {L-strain}) = Hls = (¥+ =z DET) tanithets)
1
| In both cases (H,eta) are calculated from TCH formula and then Beta-pV is caloulated
! beta-pW= 0_.5%H/{ eta/pit+({l.0-eta)/sqrci{pi/Ln2))
|
| The standard deviations appearing in the global average apparent size and strain is
! caloulated using the different reciprocal lattice directions.
! It is a measure of the degree of anisotropy, not of the estimaced error!
|
! s=1/d HGo HGi HLo HLi betalb betal beta beta¥Wo App-size Hax-strain h k 1 twtet HpWo eta Icale Ioks
Beta_ TCH
0.Z088 0.0575 0.0718 0.061s 0.0004 -0.0012 O0.0613 1 1 1 0 <= Resolution limited
0.3409 ©0.0623 0.0714 0.0735 0.0006 -0.0012 0.0733 2 2 o 0 <= Resolution limited
0.3958 0.0661 0.0715 0.0808 0.0007 -0.0002 O0.0801 2 L 1 0 <— Resolution limited
0.4175 0.0675 O0.0721 0.0769 0.0008 -0.0006 0.076l r4 4 Z 0 <- Resolution limited
0.4821 0.0734 0.0733 0.052¢ 0.000% 0.0315 1.1l488 1.1497 1.5058 524.06 6.5313 4 o o E5.8417 0.1345F 0.7508 652.40 693,15
1.1504
0.5Z54 0.0782 0.0746 0.030Z 0.0010 0.1372 1.0874 1.127% 1.4757 99Z.43 6.9213 3 3 1 61.1391 0.1363 0.7247 0.45 o.0o0
1.13653
0_.5905 0.0874 0.0774 0.0398% 0.00LZ 0.319& 1.1351 12473 1.5520 988._06 6.9313 4 2 z2 69.7236 0.1514 0.7196 389.12 367.67
1.2511
0.6263 0.0934 0.0795 0.1009 0.0013 0.3742 l.1lzz21 1.2775 1.5634 lo1s.78 6.9313 3 3 3 74.6409 0.1582 0.7060 171.10 177.00
1.Z765
0.6263 0.0934 0.0795 0.1098 0.00132 0.374Z 1.Z2223 1.365¢6 1.6458 938.72 6.92132 5 1 1 74_6409 0.1650 0.7308 1043.99 1083._4Z
1.3672
0.6818 0.104& 0.0838 0.1146 0.0015 0.4508 l.z028 1.4093 1.6674 58l1.6%9 6.9313 4 4 o 82.8036 0.1784 0.7100 1520.00 1510.61
1.4046
0.7131 0.11z1 0.0870 0.1Z20 0.001s 0.4911 1.2335 1.4682 1.7150 973.30 6.9213 5 3 1 87.303Z 0.1%06 0.7080 21.20 45. 48
1.4623
0_.7232 0.1l48 o.0esz o.lzog 0.0017 o.5o38 1.Z2047 1.4547 1.6986 1002._29 6.9313 4 4 Z 88.8641 0.1921 0D.637% 1.05 6.68
1.4469
0.7623 0.1z66 0.0838 0.1385 00,0018 0.5517 1.3087 1.5814 1l.8118 942.67 6.59313 & 2 o 95.110% 0.2157 0.7087 156.00 132.95
1.E7z26
0.7904 0.1366 0.0985 0.1391 0.00Z0 0.5850 1.Z501 1.5621 1.7879 1000.90 6.9313 5 3 2 99.8323 0.225Z 0.6881 372.95 387.89
1.5511
0.7995 0.14032 0.1003 0.1478 0.0ozL 0.5957 130865 1.6192 l.8418 960.2¢6 6.9313 & 2 2 101.4196 0.234%9 0.6982 1z1.10 123928
1.6085
0.8351 0.1567 0.lo082 0.1533 0.0023 0.6367 l1.2583 1.6134 1.8320 lols.78 6.9313 4 Ll 4 1l07.8726 0.2536 0.67E8 100.28 87.18
1_6007
0.2608 0.171& 0.1169 0.1704 0.00zZs 0.65852 1.3144 1.6852 1.5002 985.90 6.9313 5 5 1 11z.8663 0.279¢ 0.&807 26.98 o.oo
1.6727
0.82608 0.1718 D.l1l18% 0.1798 0.00z2& 0.685% 1.3850 1.7458 1.9581 531.77 6.59313 7 1 1 112.8663 0.2862 0.6963 0.20 o.0o0
1.7330
0.3020 0.Z034 0.1350 0.1373 0.0031 0.7117 1.3408 1.7478 1.3595 986.15% 6.9313 13 4 2 1Z1.64%3 0.3280 0.8732 333.44 309.98
1.7334
0.9Z58 0.2294 0.1503 0.2152 0.0034 0.7372 1.3203 1.76le 1.9740 1007.90 6.9213 5 s 3 127.3296 0.3646 D_E6Z9 46Z.19 475.52
1.7467
0.9258 0.2254 0.1503 0.2256 0.0034 0.7379 1.3953 1.8164 2.0263 955.49 6.9313 7 3 1 127.32%6 0.3722 0.6773 £19.43 532.29
1.201e
0.9643 0.29632 0.15911 0.29z% 0.0044 0.779E 1.4635 1.910L1 Z2.12Z0 924.06 6.9313 8 o 0 137.5478 0.4815 0D.6786 513.55 466.19
1.8944
Average apparent size and standard dewviation {anisotropy): 974.07 30.82)
Average maximum strain and standard deviation (anisotropy): &.9313 ¢ 0.0024)
v




NMPUKNAOQW

Po3paxyHoK doyHKLUiW pagianbHOro po3noainly atoMHol ryctuHn — nporpama RAD:
Petkov V. RAD, a program for analysis of X-ray diffraction data from amorphous
materials for personal computers // J. Appl. Cryst., 22 (1989) 387-389.
HEE
RAD,. A PERSOMAL COMPUTER PROGRAM FOR RADIAL DISTRIBUTION AMALYSIS OF XRD DATA
WRITTEN BY UALERY PETHKOU ., SO0FIA UNIUERSITY. DEPARTMENT OF SOLID STATE PHYSICS
SOFIA 1126, BULGARIA; petkovlphys.uni—sofia.byg
COPYRIGHT Sept.. 2001
Czee J. Appl. Cryst. <1989 22, p. 3I8Y 2

data Set up

data Reduction
data Mormalization
rdf Calculation
DS utilities

End of joh

Input an option

[Mporpama 3po3ymina i 3pyyHa, Fortran nig DOS, npautoe i y cepegosuwli Windows
[Tpn 6axkaHHI MOXXHa HanucaTn CBOI NporpamMu.



NMPUKNAOU

Mae 6yTn opuriHanbH1n macuB y popmarti X, Y data, po3wmpeHHs - *.raw
Mopaynb Data Set up — CTBOpeHHS1 KOHTPOSBLHOro BXigHOro havny *.par

- l[HpopMmaLia Npo atomMu Ta IX KiNbKiCTb, IX BMICT B @aTOMHUX YacTKax
- ATOMHI KoeiLlieHTU po3cCitoBaHHSA, KOPEKLis Ha aHOManbHy gucnepcito
- D'OB)KMHa XBV”'” BMHpOM'H}OBaHHﬂ ﬁLimr.[c:mhmpmgmmsaoznns_cmm|n...f’:]@@]

Ei= Edt Optoms  Help 2%

) .. 3.000008 &
- EkcnepumeHTanbHUn KoediuieHT abcopou; R
oo o 5.275329
= BI/ID, reomMeTpil 3MOMKH g o
33.730730
1.511518
- CepeiHst aTOMHa rycTuHa crionyku (aTomu/A3) s
& Lister - [C:\ChemProg\RAD\SI02V205_Good\ Inputisiov.raw] [= |[5)[X] s; ;3332:?,
He Edt Options Hep 0% 2.51911%
2.208 BE6T ~ 1.178087
29215 8638 1.450730E-M
2.238 B586 = * 2. 436000E-M
dann macumsy - *.raw
b wedind 6 ?nfﬁgggag‘?

2.275 8730 . = :

2.290 8697 2.960027
2.305 8694 (3”'Ba) 14.182260
2.320 8693 - - I 2.508818
2.335 8684 T 5.936858
2.350 8673 a KOHTpoanMM BXIHHMM 6.378530E-81
2.365 8661 i) % 1.127260E-01
2.380 8652 7.228380E-01
doann *.par (cnpasa) )
2.410 2639 1.142756
2.425 8638 3.002400E- 61
2.440 8641 2.781400E- 62
2455 8646 &.640008E- 62
2.470 8653 3.220000E- 62
2.485 8662 23.000008
2.500 8673 2.062000E- 62
2.515 8683 104735780
2.530 8692 7.0819480
2.545 8699 1.547881
2.560 8705 2.684000E-02
2.575 8709 1.986381
2.500 8711 31.909678
2.605 8713 1.865616
2.620 8716 108.022808
2.635 8721 7.056258
2.650 a728 &.748820E- 91
2.665 8741 6.774490E - 62
2.680 8758 3.580000E- 02
2.695 8779 2.1085080
2.710 8802 1.540598
2.725 2825 3.950000E- 61
2.740 8847 3.658006E- 62
2.755 8866 4. 030006E- 62
2.770 8882 0.800000E+ B0
2.785 8897 2 . G80088
2 _RARA RO12 5 2 . 00000

$ . 1.0086008 3

< >




INPAKTUYHE 3ACTOCYBAHHA

Moaynb Data Reduction — ctBopeHHs1 06pobneHoro danny
andpakuinHnx aaHux *.cor — Redacted Data File

3AINCHIOETBCA KOPEKList eKCNepUMEHTarbHUX AaHUX Ha:
- ABcopbuito

- [Nonapwu3sauito

- ®oH (baxxaHun € gpann 3MoOMKM POHOBOIO 06’'EKTY)

- Mo BaxxaHHI0 3rnagKyBaHHA AaHUX

30INCHIOTLCHA PO3paxyHKU
- ATOMHUX (paKTopiB pO3CitoBaHHA
- lNepesig wkanu kyTiB 23 B wWkany S(1/q) xeunboBoro Bektopa Q = 4nsind/A

- Ekctpanonsauisa gaHnx oo S =0

25000

20000 +

Intensity

15000
10000

5000

[‘papiyHKM BUrNAL cKoperosaHoro dpamnny
andppakuinHux gaHnx *.cor — Redacted
Data File "

S(1/q) (E™)



NMPUKNAOU

Moagynb Data Normalization — po3paxyHOK npuBegeHol
iIHTepdepeHUiNHOT PYHKLUII Ta CTBOPEHHS hanny
* rif — Reduced Interference Function

CKoperoBaHi Ta NnepeTBOpEeHi PEHTreHIiBCbKi AndpaKkUinHi AaHi:

- PO3paxoBYETbLCSA KOMIMTOHIBCbKE Ta He3arieXXHe KorepeHTHe po3CitoBaHHS
- HOpMarni3yTbCsa B abCOMOTHI (ENEKTPOHHI) OOMHULI, | BUPaXOBYOTLCA
npuBeaeHi CTPYKTYPHI dbakTopu.

Hopmanisauis 30inCHI0ETLCSA CrovaTky MeTo40M “BENTUKUX KYTiB”

(mexi iHTerpyBaHHs Big 0.5Qmax — 0.76Qmax),

NOoTIM No B6akaHHIO — NiABIpP KOHCTAHTU HoOpMarni3auil MeToaom

npo6 i NOMUIIOK.



NMPUKNAOU

Mogynb RDF Calculation — po3paxyHok npuBeaeHol Ta 3arasibHOol pyHKLT
pagianbHOro po3noAinly atoMHOI rYCTUHW, a TaKoX napHOT pagianbHol dyHKuT,
LLUIAXOM nepeTBOpeHHST Pyp’e iHTepdepeHLINHOT OYHKLIT.

14

< 124

OFKY
0.8-
0.6-
0.4-
0.2-
0.0-
0.2
-0.41
0.6

o

r (A)
PucyHok 1 — npuBeaeHa doyHKUis pagianbHoro posnoainy G(r) ans 3paska
SiO, + V,0, (90/10 Bar. %) (Hopmanisauisa MeTo40M ,,BENUKUX KYTIB”, BEPXHSA
MeXa iHTerpyBaHHa Qmax = 7,5 A-1. HKHSA Mexa IHTEerpyBaHHS
Qmin = 0,75Qmax, po3paxyHok o 10 A)



NMPUKNAOU

Mogynb RDF Calculation — po3paxyHok npuBeaeHol Ta 3arasibHOol pyHKLT
pagianbHOro po3noAinly atoMHOI rYCTUHW, a TaKoX napHOT pagianbHol dyHKuT,
LLUIAXOM nepeTBOpeHHST Pyp’e iHTepdepeHLINHOT OYHKLIT.

30

LI | o ! | L | o ! LI ! | o ! LI
0.0 05 1.0 1.5 20 25 3.0 35 40 45 50 55 6.0
r (A)

PucyHoK 2 — 3aranbHa (pyHKUis pagianbHOro po3noaisly atToMHol r'yCTUHM anga 3paska
SiO, + V,0, (90/10 Bar. %) (nokasaHo obnactb fo 6 A )



NMPUKNAOU

Mogynb RDF Calculation — po3paxyHok npuBeaeHol Ta 3arasibHOol pyHKLT
pagianbHOro po3noAinly atoMHOI rYCTUHW, a TaKoX napHOT pagianbHol dyHKuT,
LLUIAXOM nepeTBOpeHHST Pyp’e iHTepdepeHLINHOT OYHKLIT.

Pair DF g(r),
p(r)/p,

PucyHok 3 — (pyHKUist napHOro pagianbHOro po3noainy anga 3paska
SiO, + V,0. (90/10 Bar. %)



NMPUKNAOU

Tabmumga 1 -  nmapamerpu  OMIDKHBOTO — HOPAAKY,  BH3HAUCHI 3
eKcrdepm\-leHTaﬂbHoI 3arajibHOI (PVHKINH pailaJbHOTO PO3HOALTY ATOMHOI T'YCTHHH
(DPPA) nst 3paska S10, + V5,05 (90/10 Bar. %o).

; i, A N,
KOOpIHHAIITHA cepa Paniyc koopauHaIiifHOl KOOpPAHHAIITHE THCITO
(HOMEp MIKY (MAKCHMYMY cepu (KUTBKICTB CYCIIIB aTOMA)
(pVHKIILI)) (TII0IMA IMITT TIIKOM )
1 1,508(2) 2.84(5)
2 2.550(8) 4,7(4)
3 3.336(5) 7.8(2)
4 4,24 ~ 10
5 5.1 ~ 16
_ 30+ 0
&
S.i 25
& 20
B
<
151 )
_ N . (x—r)
e TR
10 HOpM p
| 270 . 20 .
4 4
54
04 —
PucyHok 4 — onuc 3aranbHol OyHKLIT pagianbHOro

00 0.5 1.0 1.5 20 25 3.0 35 40 45 50 55 6.0 po3noginy atomHoi ryctuHm (PPPA) anga 3paska
r(A) SiO2 + V205 (90/10 Bar. %) kpusoto ["ayca.



INPAKTUYHE 3ACTOCYBAHHS
3a ymoBu 0obpe NOCTaBEHOro Ta AKICHOrO EKCNEPUMEHTY, KOPEKTHOIO 34iIMCHEHHS
pO3paxyHKiB, OTPUMaTU (PYHKLIT pagianbHOro po3noainy nerko,
BaXXKo iHTepnpeTyBaTu!

I3 HaBeneHoi 3aradbHOi (PYVHKINI padialbHOTO PO3MOILTY aTOMHOI TVCTHHH Ta
BH3HAUCHUX MapaMeTpiB OMDKHBOTO MOPAIKY MOKHA 3pOOHTH MPHIVIIESHHS, M0
OCHOBHOK CTPYKTVPHOI OJITMHHIICIO € TeTpaesp [Si0,], B AKOMY cepe/THSI BIJICTaHb
Si — O popisaroe npubmmao 1,508(2) A. B ifeansHoMy BUIAIKY KOOpIHHAIiHE
urelo nepmioi chepu N; = 4, onuak Jiig Hamoro sunanky N; = 2.84(5). Ieit dakr
BKAZYE HA 3HAUYHY PO3MOPSAKOBAHICTh CTPYKTYpH. HesHaunuil Briay (npuiimaroun
0 VBara Majmil BMicT V,Os vV BEXITHIH CYMIIm A0 CHHTE3Y) V Hepimmii mk OPPA
TaKOK, OUEBHIIHO, Ja€ CTPYKTYpHe yrpyimyBanHa V—O 3 MibKaTOMHOIO Bimgamio 1,585
A - samumok” KBagpaTHoi mipaMimg [VOs]. KOOpIHHAIITHOTO MHOTOTpAHHHKA
BaHAII0 V cTPYKTYpL V5O,

Hpyvruii makcumym Ha OPPA nmpm 2,55 A, MOKTHBO, BIAMOBiIAE 3a
KHCHIO TI0 pedpaM TeTpag/piB, Jie Cepe/IHs JIOBKHHA

KOOP/IHHAINITHE OTOUCHHS

3R 3Ky O-O craHoBuTh 2,6 A, a KiTbKicTh HAHOTIKIIK CYCIJIIB B iJIcali JOPIBHIOE

6. B 3B" 3Ky 3 ,JepeKTHICTIO CHIIMII-KHCHEBOTO TeTpaeapa., IjId HAIIOIO BHIIAIKY

KOODIHHAIILIHE THCI0 TOPIBHIOE 4.7.
Tpetiit makcumym Ha DMPPA BimnoBijiae Operiebkum peduiekcam 3 /1 k[

[0 11]Ta[l0 1] xpucTamuHoro c-KBapiy (auB. puc. A.3). MDKIUTOITHHHA BIIIATD
I8 HHX CTAHOBHTH 3.342 A, mo mo0pe V3TOMKVEThCA 3 OTPHMAHHM PamiycoM

3.336(5) A gnma _Tperboi koopauHamiiinoi cdepu”. OTkKe, 4YaCTHHA KBapILy

SAMHNIIIACA B KPHCTATIMHOMY BHIJLAII IpH cuATes1. OMHAK, e MOJKe 1 BKa3yBaTH Ha

KOPeISIK  CTPYKTYPHAX OAHHAIL vV OUIbIIOMY 00°eéMi, TOOTO JIOKAJIbHE

BIOPSJIKYBAHHA  TETPAC/IPIB, OCODIMBO MNpHiiMatoun 10 yBaru 4-mil Ta S-uil

MakcHMyMH PODA.

VOIPHIORS IBHIL CIPVELVPL G-RBapuy (pHe. dak sy, 3 OLISLULY HiL JOMIHY KA
Baicr S10: v BHXIIHIR OV ML, MOMHN LPHAHSTH 30 D008y 101 CIPYETYPHOL MOUe. 11
DIICEHBOLD LOPSLIKY  JOCHLEEVBAHOLO METEPLCLY, € JOBOML BEIMKME Hes iR
o €M UPOCIOPY, 3 LSHIPOM ¥ CEPeddH] &leMeHIapHO KOMIPKH (KGOPLHHATH
Xy o' b ) TMOBIPHHM € BEMHOUSHEL 10HIE VYV GGCIHHY LMY 10POMHHH
(MOAUMBO 1 uapa ¥—0), 1o adanortl 1 CIPYEIVPAMHE CIUUKNTIE  (HALPHELAL,
Na¥Vsi1:0)), ¢ ¥UBOPSHHMM 2B S3KIE 15 10HAMHE KMCHEY (pue. 40), 50 PUayHOK o101
CHliLiH-KHcHeBUx  1erpaeapis, CLHAK, B

HPLSLE. BIETh O ,J.'-:‘-L]J EKTHICTD TakRCH Y

BHIELIKY S0 HUE Y TG BLIKPHTHME LM TAHEL UPO CYMAPHUA SIHEKIPOHHME (alaHe
PEUOBHHH, BJISHTHICIE OTOMIB CHLIKY T4 BaH&AIH, Towe. Lo veIlmHOoro
BHMLISHH ULOIO 3BILAHHN HeobxiiHo uposectn EXATS-cuekrpockouiny. Cupodn
VICUHHTH  CIPYELYVDY  GIUGKHBOIO  LOPSAKY L0 3008HHM  IMOBIDHEM MO BIM,
TEOPSITHYHD POIPAXOBIHUM (DYHEUBIM PALLIEHOID POSLOLLLY ATOMHOL 1VETHHY Th
CUIBCTAB [SHHAM X % SKCUSPHMSHIABHOR (PYHKLIEKY, HA MAHOMY 1ALl BUMBWLHCSH
HeBia lMME, T3 VOUIUHOIO  BUPLNEHHS LBOLCG 3EBNAHHN HeSODNLIHO LPOBSCTH
THOMEY MATEPLLLY H KOPOTEOMELILOBOMY CHHXPOLIPOHHOMY BHIPOMIHEOBAHHL, a0

HelTPOROL papiro




NMPUKNAQU

YTOYHEHHS KpUCTanivyHOl CTPYKTYpu (aHanorivHo metony PiTBenbaa)
Mporpama PDFFit2
Farrow C.L., Juhas P., Liu J.W., Bryndin D., Bozin E.S., Bloch J., Proffen Th.,
Billinge S.J.L. PDFfit2 and PDFgui: computer programs for studying nanostructure
in crystals // J. of Physics: Condensed Matter.— 2007.— Vol. 19.— P.335219.
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_ Using PDFIIT version : VERSION ) . - = P|ﬂt[11] spmel.rdf:G
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spinel rdf:G
Scale factor : 0.165%
Quad. core. factor : 0.2899
Lin. corr. facter ]
Low ¥ sigua ratio AL
R ocutatf [&] ]
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NMPUKNAOU

YTOYHEHHS KpUcTaniyHol CTPYKTYypu (aHanoriyHo metony PiTBenbga)
lNMporpama PDFFit2

[na BU3Ha4YeHHS CTPYKTYPU DNUXKHLOIO
nopsaky wnsxom PDF-ananisy, Tpeba:

— 3HaUTN CTPYKTYPHY MOLETb.

OCHOBOI CTPYKTYPHOI Mozeni €
KpucTasnoximiyHi mogudikauii peHoBMHU
y 3BMYanHOMY (TOOTO 3 AanbHIM
NOPSAKOM) CTaHi.

MeTogom npob i MOMUIOK CYMICTUTK
ekcnepumeHTanbHy PDF-goyHKUiO Ta
TeopeTnuyHO po3paxoBaHoto i3 NigibpaHol
CTPYKTYPHOT Mogeni.

B 3aranbHoMy, Le cknagHe 3aBOaHH4,

| TaKNX PEYOBMH 3 BU3HAYEHOI KPpUCTariyHo

LiMn O, (Fd3m)

CprKTypOI-O 6” VDKH borO Table 2. Structural parameters for nanocrystalline
K-Li-Mn-0-l obtained through PDF analysis. Atomic

nopﬂﬂ' Ky positions are .refi_ne(l i.n space group R-3n.r. The =

L structure is given in a hexagonal basis. KXMHOQ'yHEO ( R3m}

Ha AaHNUN 4aC € Marllo. Method PDFft
a & 2.8317(2)
o & 19.29(2)
2Oy 038201
T, (i), &2 0.0058(1) 4 6 8 10 12 14 16 18 20
U, ,(in), A2 0.148(1) r(A)
U, LRHE,0), &2 0.071(1)
0,0, £ 0.0051(1) http://www.phy.cmich.edu/
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