
Slide 1

Third Edition 

Springer © 2025 

Fundamentals of Powder Diffraction and Structural Characterization of Materials.

Ch. 13.  Preliminary Data Processing and Phase Analysis

Peter Y. Zavalij

Vitalij K. Pecharsky



Slide 2

Third Edition 

Springer © 2025 

Fundamentals of Powder Diffraction and Structural Characterization of Materials.

Ch. 13.  Preliminary Data Processing and Phase Analysis

Peter Y. Zavalij

Vitalij K. Pecharsky



Slide 3

Third Edition 

Springer © 2025 

Fundamentals of Powder Diffraction and Structural Characterization of Materials.

Ch. 13.  Preliminary Data Processing and Phase Analysis

Peter Y. Zavalij

Vitalij K. Pecharsky

Bragg angle, 2 (deg.)

NiMnO2(OH), Cu K

10 20 30 40 50 60

NiMnO2(OH), Cu K

0

100

In
te

n
s
it
y
, 

Y
(a

rb
. 

u
n

it
s
)

50

Bragg angle, 2 (deg.)

NiMnO2(OH), Cu K

10 20 30 40 50 60

NiMnO2(OH), Cu K

0

100

In
te

n
s
it
y
, 

Y
(a

rb
. 

u
n

it
s
)

50

Bragg angle, 2 (deg.)

NiMnO2(OH), Cu K

10 20 30 40 50 6010 20 30 40 50 60

NiMnO2(OH), Cu K

0

100

In
te

n
s
it
y
, 

Y
(a

rb
. 

u
n

it
s
)

50

0

100

In
te

n
s
it
y
, 

Y
(a

rb
. 

u
n

it
s
)

50

Figure 13.3. Powder diffraction pattern of 

the orthorhombic NiMnO2(OH) collected on 

a Scintag XDS2000 powder diffractometer 

using Cu K radiation. In this example, the 

background noise contributes a few percent 

to the highest measured scattered intensity.
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Figure 13.5. The powder diffraction

pattern from Figure 13.3 with subtracted

background prior to (top) and after

(bottom) smoothing by using an analogue

of Eq. 13.7 with 7 sequential data points.
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Figure 13.6. An illustration of K2 stripping (a). The

expanded view of the range between ~20 and 40° 2

highlighting inaccuracies on the high Bragg angle

sides of the strongest peaks (b). The expanded view of

the same region when the background subtraction and

K2 stripping was preceded by a 7 point-smoothing

(c). Although inaccuracies on high Bragg angle sides

are less visible after smoothing, the “improvement” is

accompanied by the loss of resolution, which is easily

seen from comparison of the two peaks at ~36° in (b)

and (c).
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Figure 13.8. Automatic peak search conducted using

a second derivative method (top) and manually

corrected reduced pattern (bottom). The red upward

arrow placed on the digitized pattern shows a false

peak (which was eliminated manually) and the blue

downward arrows show the missed peaks (which

were added manually).
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Figure 13.9. Observed (thick line)

and calculated (thin line) intensity

profiles in a fragment of the powder

diffraction pattern of NiMnO2(OH).

The position of the missing peak is

indicated by a blue downward facing

arrow. Symmetrical Pearson-VII

function with default peak-shape

parameters was used in this

example.
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Figure 13.10. Observed and calculated 

intensity in a fragment of the powder 

diffraction pattern of NiMnO2(OH) after 

adding the missing peak (compare with 

Figure 13.9).
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Figure 13.11. Observed and calculated 

intensity in a fragment of the powder 

diffraction pattern of NiMnO2(OH) 

after least squares refinement using 

unit weights (compare with Figure 

13.9).
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Figure 13.12. Observed and calculated 

intensity in a fragment of the powder 

diffraction pattern of NiMnO2(OH) 

after least squares refinement using 

weights inversely proportional to Yi
obs.
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Figure 13.13. Observed and calculated 

intensity in a fragment of the powder 

diffraction pattern of NiMnO2(OH) 

after adding two broad peaks at 2

about 35.4 and 40.8°.
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Figure 13.14. Observed and calculated 

intensity in the powder diffraction 

pattern of NiMnO2(OH) after fitting 

using a Pearson-VII function. 

Downward facing dash-dotted arrows 

indicate the positions of six weak 

Bragg peaks not included in the fit.
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Figure 13.15. Observed and calculated

intensity in the powder diffraction

pattern of NiMnO2(OH) after the

completion of profile fitting using the

DMSNT algorithm. A symmetrical

Pearson-VII function was employed

and all present Bragg peaks were

included in the fit. The box at the

bottom shows the difference between

the observed and calculated intensities

using the same scale as on the plot of

both 𝑌obs and 𝑌calc
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Figure 13.16. Observed and calculated

intensity in the powder diffraction

pattern of NiMnO2(OH) after the

completion of profile fitting employing

the WinCSD algorithm. Pseudo-Voigt

function was employed and all present

Bragg peaks were included in the fit.

The box at the bottom shows the

difference between the observed and

calculated intensities using the scale

identical to that on the plot of both

𝑌obss and 𝑌calc.
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Figure 13.19. Illustration of an 

incorrect match: Bragg peaks 

observed in the experimental 

diffraction pattern of 

NiMnO2(OH), shown on top and 

in the middle (solid lines), do not 

match those present in the nickel 

manganese oxide, ICDD PDF 

card No. 12-0269 shown at the 

bottom and overlapped with the 

plot on top (dashed lines).
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Figure 13.21. Example of the unindexed PDF

card (also see Figure 13.20, bottom). In this

case, all observed reflections are identified by

their Bragg angles and relative intensities but

without the Miller indices. As a result, the

“Doubtful quality” mark has been assigned to

this record. This usually indicates the need

for an independent verification before relying

on the listed digitized pattern for positive

identification of a polycrystalline material.

Note that the original experimental data were

collected using Fe K radiation (see field No.

3). Bragg angles, however, are listed for Cu

K radiation, and these were recalculated by

the search-match utility using the Bragg’s

equation.
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Figure 13.22. Indexed PDF card (also see Figure 

13.20, middle). Every observed Bragg reflection 

has been indexed, and the corresponding F30 figure 

of merit (see Sect. 14.4.1) is excellent. Based on 

these and other established criteria, the quality 

mark is “Quality Data”, indicating that the included 

digitized pattern can generally be trusted for 

positive phase identification.
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