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CLASSIFICATION OF NANOSTRUCTURES
(Siegel R.W. In Proc. of. NATO ASI, 1993. V.233, P.509)
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X-ray diffractin analysis of nanocrystals

Atomic structure of nanoparticles (nanoblocks).

Shape of nanoparticles (nanoblocks).

Average particle size and size distribution parameters
Nanostructure: stacking of blocks and structure of boundaries




The fundamental equations of X-ray structural analysis

of polycrystals
(model of an infinite perfect crystal)
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Broadening of the diffraction peaks
due to the small size of nanoparticles
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RIETVELD METHOD:
crystal structure refinement
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HNHTEHCMBHOCTD, HMII/C

The experimental and calculated (solid line)

X-ray diffraction patterns of MgO. R =7.2%.
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Nanoparticles with cubic spinel structure:
thin plate and cylinder
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Experimental diffraction patterns
of boehmite and pseudo boehmite
AIOOHNH,0
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Debye Equation

I(s) = 2 fI+2Y D 1 e cos(27sr)
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Pair Distribution Function Method
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PAIR DISTRIBUTION FUNCTION
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Synthesis of nanostructured iron oxide

155°C 250°C 350°C

Fe,C,0,-2H,0 *Fezo3-1,7H20 *Fezo3-1H20 * Fe,0,-0,4H,0

about 350 m?/g (specific surface )

ferric oxalate dihydrate [> iron oxide AV_/V,, = 80% pores 7




Experimental Diffraction Patterns

Of Iron Oxide
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Experimental and Calculated Diffraction Patterns

(Hematite model)
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Pair Distribution Functions of Fe,O, samples

- calculated curve for a-Fe,O;

experiment
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Crystalline phases of iron oxide

hematite (a-Fe,0,) magnetite (Fe;0,) ferrihydrite
Fe,O0,:nH,0 (n =1,8)
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Experimental (black) and calculated (red) diffraction patterns

(150°C sample)

hematite (a-Fe,O,)

Intensity

magnetite (Fe;0,)

ferrihydrite
(Fe,O;:nH,0, n = 2)




PDF of ferrihydriteFe203-nH20:

experimental (black) and calculated (red) curves

infinite crystal

4nr2p(r), eIZIA

particle size of 2 nm




EFFECT OF RANDOMLY DISTRIBUTED STACKING FAULTS

X-ray diffraction patterns of metallic hexagonal Co :
a — nanoparticles with regular crystal structure
b — nanoparticles with stacking faults (20% concentration)
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Diffraction from 1D distorted system
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Parameters of statistical model (Markov chain)

N - number of layers

S, G - short order parameters in layers position and shift

S=0 W, Wg, We Probability of presence of A,B,C layers

S=1 WiisWips>Wpas Wge +o- Probability of layers appearance
after each other

S= W iaqs Waug s Waga s Probabilities of appearance of A-layer
after AA pair, B-layer after AA pair, etc.




Experimental and calculated x-ray diffraction patterns of
turbostratic carbon

002

turbostratic model
( normal particle size distribution)
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turbostratic model
(lognormal particle size distribution)

XX 5
e X x
o,
m———
e —

Rp=6%




CTpykTypa MOaNMPULMPOBAHHOIO rmapoKcuaa MarHus
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Planar Defects in
hematite

1D nanostructers

1D nanostructure
in metallic Co

LaFeO; (110)

Lag 3 Cao.& FeO,6; (0 10)

microdomains in
Lay 45Ca 55Fe0;3 ;5 .




Calculated diffraction patterns:

a - microtwins ABCACBABC, b - fcc-hcp coherent domains
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Calculated and experimental x-ray diffraction patterns
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KOI'EPEHTHBIE 3D HAHOCTPYKTYPbI:

HU3KOTEMIIepaTypHbIe (DOPMBI OKCHJIA aTFOMUHUS




X-ray diffraction patterns of different alumina polymorphs
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Nanostructure of n-Al,O; prepared from bayerite

Side view of the platelet crystals
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Intensity, count/s
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Nanostructure of y-Al,O, prepared from boehmite
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v-Al,O; from boehmite: shape of 111 reflection
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Interacting stacking faults on (111)
planes
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HNHTEHCHBHOCTD, MMII/C

Experimental and calculated (blue) diffraction patterns
fory-Al,O; prepared from pseudoboehmite (R=9.5%)
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Structural hierarchy in low temperature alumina polymorphs

(1o [Al;0,] lor

11 0y

(001) (ilO)

(110) I /

e
1[001] \[111]}
Y-Al 04
v-ALO; from boehmite from TALO, x-AlL O,

pseudoboehmite




—

[110]

Atomic structure of stacking defect on (110) planes
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X-ray diffraction analysis of nanocrystals:
basic methods

1. Rietveld method and modified algorithms
based on the model of an infinite crystal

2. Debye Function Method

3. The calculation of the diffraction patterns
from 1D distorted systems

4. Pair Distribution Function Method




