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Bragg’s law

2dsinθ = nλ
d – spacing between layers of atoms
θ – angle between the incident rays and atomic plane
λ – wavelength of radiation 

http://www.britannica.com/nobel/micro/83_20.html
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Calculation of structure factor S(Q) by Faber-Ziman formula 

Ie(Q) – the elastic intensity per atom, 
Q – the magnitude of wave vector transfer = 4πsinθ/λ
λ – the wavelength of scattered radiation
θ – the diffraction angle

fα(Q) – the atomic form factor
cα – concentration of particular type of atoms α.
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S(Q)
Fourier transformation
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the shape of S(Q) displays a typical modulation 
characteristic for conventional metallic glasses 
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For three-component alloy (e.g. Zr40Cu20Fe20) structure factor S(Q)
curve consists of the weighted sum of the 6 atomic partial functions    
Sij(Q) with weight factors wij
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50°C step from 25 °C to 315°C

50°C steep 
from 535°C to 835°C

20°C steep 
from 315°C to 535 °C

Why ?
to know structural evolution
at temperature loading

Sketch of tactics at measurement



25 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

25 °C

75 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

75 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

125 °C

125 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

175 °C

175 °C275 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

275 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

295 °C

295 °C315 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

315 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

335 °C

335 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

355 °C

355 °C375 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

375 °C

395 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

395 °C

415 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

415 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

435 °C

435 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

455 °C

455 °C475 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

475 °C

495 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

495 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

515 °C

515 °C535 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

535 °C

598 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

598 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

635 °C

635 °C685 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

685 °C

735 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

735 °C

785 °C 2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

785 °C

2 3 4 5 6 7 8
0

500

1000

1500

2000

2500

3000

3500

4000

4500

In
te

ns
ity

2-theta

835 °C

835 °C

Bragg’s peak are
appearing

Additional Bragg ‘s peaks



amorphous alloy           first crystallization         second crystallization          crystalline alloy

as-prepared 25 °C                   395 °C                               595 °C 835 °C
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performed on XRD pattern taken from the sample which undergoes
the whole temperature cycle and was cooled down to room temperature

revealed at least a presence of two phases

indexed only cubic ZrCu phase, having a lattice parameter a = 3.235 Ǻ 
and space group S.G: Pm   m   3
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