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Figure 19.1. Low Bragg angle regions of the

powder diffraction patterns of Gd5Ge4,

Gd5Si2Ge2, and Gd5Si4. The three patterns

are representative for materials in the

Gd5Ge4-based solid solution, the intermediate

intermetallic phase, and the Gd5Si4-based

solid solution, respectively. Distinct clusters

of Bragg peaks observed in the regions ~10 <

2 < ~18° and ~21 < 2 < ~26° point to

close relationships between the three crystal

structures. Gradual redistribution of peak

intensities from one pattern to another,

however, cannot be solely associated with the

expected change in lattice parameters due to

the substitution of smaller Si for larger Ge

atoms. Therefore, we conclude that three

crystal structures are closely related, yet

different.
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Figure 19.2. The observed and calculated

intensities in a fragment of a powder

diffraction pattern of Gd5Ge4.

The calculated intensity has been scaled

to match the observed profile.
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Figure 19.3. The results of Le Bail’s full

pattern decomposition of the powder

diffraction pattern of Gd5Ge4. The

discrepancies between the observed and

calculated profiles are small and all

residuals are low, indicating that the unit

cell dimensions are accurately determined

and that the chosen peak-shape function

(pseudo-Voigt) is a good choice for this

experiment.
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Figure 19.4. The results of Le Bail’s

full pattern decomposition of the

powder diffraction pattern of Gd5Si4.

The discrepancies between the

observed and calculated profiles are

small and all residuals are low,

indicating that the unit cell

dimensions are accurately determined

and that the chosen peak-shape

function (Pearson-VII) is a good

choice for this experiment.
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Figure 19.5. The observed (circles) and

calculated (lines) intensities in a

fragment of powder diffraction pattern

of Gd5Si4. The calculated intensity has

been normalized to match the observed

profile. Peak-shape, background and

lattice parameters employed to compute

the calculated profile have been obtained

by a full pattern decomposition of the

observed data using Le Bail’s technique,

as shown in Figure 19.4. Note, that the

difference plot has been compressed

tenfold for clarity.
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    = 3.36 Figure 19.7. The results of Le Bail’s full

pattern decomposition of the powder

diffraction pattern of Gd5Si2Ge2. The

discrepancies between the observed and

calculated profiles are small and all

residuals are low, indicating that the unit

cell dimensions are accurately

determined and that the chosen peak-

shape function (pseudo-Voigt) is a good

choice for this experiment.

The observed data are available in the data files

Ch19Ex03_MoKa.xy and Ch19Ex03_MoKa.dat 

online.
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Figure 19.8. The observed (circles) and

calculated (lines) intensities in a fragment

of powder diffraction pattern of

Gd5Si2Ge2. The calculated intensity has

been normalized to match the observed

profile. Peak-shape, background and

lattice parameters employed to compute

the calculated profile have been obtained

by a full pattern decomposition of the

observed data using Le Bail’s technique,

as shown in Figure 19.7. Note, that the

difference plot has been compressed

fivefold for clarity (the differences are

too large to be well seen).
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Figure 19.9. The observed and calculated

powder diffraction patterns of Gd5Ge4

after the completion of Rietveld

refinement. A total of 809 independent

Bragg reflections are possible in the

examined range of Bragg angles



Slide 10

Third Edition 

Springer © 2025 

Fundamentals of Powder Diffraction and Structural Characterization of Materials.

Ch. 19. Empirical Methods of Solving Crystal Structures

Peter Y. Zavalij

Vitalij K. Pecharsky



Slide 11

Third Edition 

Springer © 2025 

Fundamentals of Powder Diffraction and Structural Characterization of Materials.

Ch. 19. Empirical Methods of Solving Crystal Structures

Peter Y. Zavalij

Vitalij K. Pecharsky

Gd
5
Si

4
, Mo K

Bragg angle, 2 (deg.)

10 20 30 40 50

In
te

n
s
it
y
, 

Y
 (

1
0

3
 c

o
u

n
ts

)

-5

0

5

10

15

20

25

30

R
p
  

 
= 10.54%

R
wp

 = 14.43%

R
B
   =   7.12%


2
   

 
= 52.2

Figure 19.11. The observed and calculated

powder diffraction patterns of Gd5Si4 after

only the coordinates of Gd atoms have

been refined together with the phase scale

factor. Compare this figure with Figure

19.5.
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Figure 19.12. The observed and calculated

powder diffraction patterns of Gd5Si4 after

the completion of the refinement using

Pearson-VII peak-shape function. A total

of 808 independent Bragg reflections are

possible in the examined range of Bragg

angles.
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Figure 19.14. The observed and calculated

powder diffraction patterns of Gd5Si2Ge2

after completion of Rietveld refinement.

Compare this figure with Figure 19.8. A

total of 1532 independent Bragg reflections

are possible in the examined range.
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