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BaSiCS Of XRD AnalySiS XRD Operational Manuals

Basic (qualitative) XRD analysis relies on correctly linking measured diffraction peaks to the
underlying crystal structure. A working understanding of crystal systems and Bravais lattices,
symmetry operations (point groups and space groups with systematic absences), and Miller
indices (hkl) is essential. These fundamentals support reliable peak assignment and accurate
phase identification, forming the scientific basis of the Basic analysis workflow.

Measurement Data Link

Measurement data are the foundation of both qualitative phase identification and quantitative
XRD analysis, and their quality directly determines the reliability of any evaluation in SmartLab
Studio Il. Data quality is inherently purpose dependent: a scan optimized to detect weak phases
prioritizes intensity and counting statistics, whereas a scan intended to separate closely spaced
reflections orrefine lattice parameters prioritizes angular resolution and peak-position accuracy.
In the SmartLab SE, this optimization is achieved by choosing the appropriate optical
configuration and scan conditions such as divergence and receiving slit settings, Kp filtering or
monochromation, step size, counting time, and 26 range while maintaining correct alignment
and a low, stable background to maximize signal-to-noise. When these parameters are matched
to the analytical goal, the dataset contains sharp, correctly positioned peaks with reliable
intensities, enabling robust identification and quantification; therefore, a tailored, optimized
scan is far more valuable than a generic “typical” scan, and it is the researcher’s responsibility
to ensure the data are clean, complete, and reproducible before import into SmartLab Studio Il.

Generation of X-Rays

X-rays are generated in an X-ray tube when a heated filament emits electrons (thermionic
emission) and a high voltage accelerates them toward a metal target (anode). When these fast
electrons strike the target, their kinetic energy is converted into X-rays (and heat).
Bremsstrahlung (braking) X-rays are produced when electrons are rapidly decelerated or
deflected by the electric field of target nuclei, creating a continuous spectrum of X-ray energies.
Characteristic X-rays are produced when an incoming electron ejects an inner-shell electron of
the target atom, leaving a vacancy. An outer-shell electron then drops into the vacancy and emits
an X-ray photon with a discrete energy specific to the target material.
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Cu is the general-purpose choice for most powders because it gives strong intensity and a
wavelength suitable for many common lattice spacings. Longer wavelength (Cr or Co) are
preferred when Cu causes strong fluorescence in Fe/Co/Ni-rich samples, since they lower
background and improve peak visibility. Shorter wavelength (Mo or Ag) are used when greater
penetration is needed for highly absorbing/heavy or thick samples, and when reflections from
very small d-spacings must be measured within the instrument’s available 26 range. For very
small d-spacing, Bragg’s law requires a shorter wavelength to satisfy the diffraction condition.
Thus, smaller-wavelength targets are used to keep diffraction angles measurable and avoid
overlap atvery high 26. Fe targets are less common in routine work but can be chosen for specific
material constraints or lab standards where an intermediate wavelength gives cleaner data.
Because of Bragg’s law (2d sinB = A): smaller d-spacing requires larger 6, so those planes diffract
at higher angles than planes with larger d-spacing.

Target | Atomic |K-ray excitation o o o o
KB (A) | Kal(A) | Ka2 (A) | Ka (A

Element| number voltage (kV) B(A) (A) (A) (A)
Cr 24 6 2.08491 | 2.28975| 2.29365 | 2.29105
Fe 26 7.1 1.75665 | 1.93608 | 1.94002 | 1.93739
Co 27 7.7 1.62075| 1.789 |[1.79289 | 1.79029
Cu 29 8.9 1.39225| 1.54059 | 1.54441 | 1.54186
Mo 42 20 0.6323 | 0.70932 | 0.71361 | 0.71074
Ag 47 25.5 0.49729 | 0.55942 | 0.56381 | 0.56089

Ka and KB lines

Characteristic X-rays from a Cu anode are dominated by the Ka and K lines, produced when an
outer electron fills a vacancy in the K-shell: Ka comes from an L > K transition, while KB comes
from an M ~> K transition, so KB has higher energy (shorter wavelength) than Ka. Importantly, “Cu
Ka” is actually a close doublet Ka, (#1.540562 A) and Ka, (1.544390 A) caused by subshell (spin-
orbit) splitting, and it can produce slight peak doubling unless Ka, is suppressed/stripped (e.g.,
with monochromation). In powder XRD, any remaining KB component can satisfy Bragg’s law at
different angles and may create extra weak or shifted reflections, complicating peak assignment,
therefore, KB is typically reduced by filtering or monochromation so the pattern is measured with
(nearly) a single Cu Ka wavelength for more reliable interpretation. For Cu radiation, the intensity
ratio of Ka, to Ka, is approximately 2:1, and the combined Ka intensity is about 6-7 times stronger
than the Kp intensity. By Bragg’s law, shorter wavelength > lower 28, so KB (and Ka,) appear left
of Ka.

Cu anode X-ray emission spectrum (schematic)
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Cu anode X-ray emission spectrum (schematic, energy axis)
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Powder XRD Method

Laue discovered that the scattering of x-rays (waves) is the process of diffraction from a crystal
(like grating). Bragg discovered that this diffraction is from a set of parallel planes, so the
diffracted beam appears to be specularly reflected from Crystal lattice planes. Thus solved the
mystery of crystal structure. In the powder X-ray diffraction (XRD) method, a crystalline powder
contains many tiny grains oriented randomly, so many sets of lattice planes are able to satisfy
the Bragg condition during the scan. Constructive interference (diffraction) occurs when the
optical path difference between X-rays scattered by parallel lattice planes with spacing dis an
integer multiple of the X-ray wavelength A. This is expressed by Bragg’s law:

2dsin 8 = nA
Peaks appear at angles where this condition is met, allowing determination of interplanar
spacings d and phase identification.

Incident X-rays (wavelength A) Diffracted X-rays (wavelength )

Lattice point

Lattice plane 1 —
Lattice spacing d —|
Lattice plane 2 =t

>

X-ray path difference = 2d sin 6

Lattice plane 3 —

X-Ray Diffraction Patterns
1) Diffraction pattern

A powder XRD pattern is a fingerprint of the crystalline phases present in a sample. The set of
peak positions (and their overall distribution across 20) reflects the allowed lattice-plane
spacings, while the background shape carries information about non-crystalline contributions
and instrument/sample scattering. Sharp, well-defined peaks typically indicate a crystalline
material, whereas a broad diffuse hump is characteristic of amorphous or poorly ordered
structure. By comparing the observed peak set to reference patterns, the pattern quickly reveals
whether the sample is single-phase, multi-phase, or contains an amorphous fraction.



2) Diffraction peak width

Peak width (commonly reported as FWHM) provides insight into the microstructural quality of the
material. Peaks broaden when the coherent scattering domains are small (small crystallite size)
and when the lattice contains distributions of spacing caused by microstrain, dislocations, and
defects. Narrow peaks generally indicate larger crystallites and better long-range order, while
broad peaks suggest nanocrystallinity or significant strain. With appropriate corrections for
instrumental broadening, peak-width methods (e.g., Scherrer and strain-based models) can be
used to estimate crystallite size and microstrain trends.

3) Diffraction intensity ratio

Diffraction intensity ratio means comparing the relative heights/areas of different peaks in an
XRD pattern. These ratios can help estimate how much of each phase is present in a mixture, but
they can also change if the sample has preferred orientation (texture) or other effects (e.g.,
absorption or particle statistics), so the ratios may not match the database perfectly. A strong
peak-to-background contrast generally indicates higher crystallinity, while weak peaks on a high
background suggest lower crystallinity or more amorphous content.

4) Diffraction peak positions

Peak positions (20) are the most fundamental measurable in XRD because they directly
determine d-spacings through Bragg’s law, and therefore the lattice parameters of the crystal.
Reliable peak positions enable phase identification, indexing, and detection of structural
changes. Systematic shifts of peaks to higher or lower 206 can indicate lattice
contraction/expansion due to solid-solution composition, temperature effects, or residual
elastic strain. Peak splitting or additional shoulders often signals symmetry changes, phase
coexistence, stress states, or distortions, making peak positions a primary indicator of structural
evolution.
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Crystal systems and the Bravais lattices

Crystal systems classify crystals based on the shape of the unit cell, defined by the edge lengths
a,b,cand the angles «a, 8,y. According to these relationships, crystals are grouped into seven
crystal systems. Bravais Lattice describes the distinct 3-D arrangements of lattice points formed
by combining each crystal system with possible lattice centerings (P, I, F, C, or R). This results in
14 unique lattices that represent all possible periodic crystal structures.

Qualitative Analysis in XRD

Qualitative XRD analysis in SmartLab Studio Il identifies the crystalline phases present by
importing the measured scan, verifying 28 coverage and background, detecting and refining peak
positions and relative intensities, and then performing a search—-match against crystallographic
databases. The outputis a list of candidate phases whose reference patterns best reproduce the
observed peaks and key intensity relationships, confirming which phases are present. This
workflow implemented with tools such as peak evaluation and database matching does not
determine how much of each phase is present; a separate quantitative method is required for
that.

PDF-2

https://www.icdd.com/pdf-2/

With the PDF-2 database integrated into SmartLab Studio Il, one can perform standard
qualitative phase identification of crystalline materials using powder XRD data. PDF-2 provides
d-spacings, relative intensities, chemical formulas, crystal systems, and basic crystallographic
metadata, enabling reliable Search/Match operations against measured diffraction patterns.
Practically, this allows rapid identification of unknown phases, confirmation of expected phases
in synthesized materials, detection of secondary or impurity phases, and routine phase
screening in polycrystalline samples. PDF-2 is therefore well-suited for first-level material
characterization, where the objective is to answer the question: “Which phases are present?”

Limitations of PDF-2 and databases required for advanced XRD analysis

PDF-2 is limited to routine phase identification and is not suitable for advanced analyses such as
full Rietveld refinement, accurate quantitative phase analysis (QPA), or detailed size/strain and
structural modeling. For these applications, PDF-4+ supports advanced qualitative and
quantitative analysis with high-quality crystallographic data, while PDF-5 extends capability to
complex and nanostructured materials. Both databases are required for structure-sensitive and
quantitative XRD analysis.

Qualitative Phase Identification Workflow (PDF-2)

Load Measurement Data (Powder XRD Plugin)

Peak Evaluation
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Phase Identification (Search/Match: PDF-2)
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Run the SmartLab Studio

To run the SmartLab Studio Il double click on the icon
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To see the Available Plugins Click File > Options > Common - Plugin Catelog

In SmartLab Studio Il, a plugin is a modular software component that enables a specific
measurement or analysis workflow (e.g., Powder XRD, XRR, HRXRD, residual stress, texture
analysis, and data visualization). In the Plugins Catalog, entries labeled “License not found”
indicate that the corresponding module is installed or available in the system but is not currently

licensed for use.
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From the Powder XRD option licenses screen (e.g., Search/Match, Quantitative Analysis, and
Rietveld Analysis), users can perform phase identification through search/match using an ICDD
database such as PDF-2. Functions that are not licensed are displayed as greyed out and cannot
be used unless the corresponding option or plugin is added to the active license.
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SmartLab Studio Il offers three analysis modes for powder XRD data: Basic, Rietveld analysis,
and Quantitative analysis. This document focuses on the Basic XRD analysis mode; the othertwo

modes will be covered later.
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1) Basic (identification of phases)

Used for routine qualitative XRD analysis of powder data. It typically covers data loading,
preprocessing, data reduction, peak evaluation, and phase identification (Search/Match). It is
ideal when the goal is to identify which crystalline phases are present and to generate a clean
peak list. It does not require a full structural model for the phases.

2) Rietveld analysis (quantification + detailed structure refinement)

Rietveld analysis in SmartLab Studio Il is a whole-pattern refinement method performed under
the WPPF (Whole Powder Pattern Fitting) workflow, where the entire measured Powder XRD
pattern is fitted using a complete crystallographic structure model (e.g., a CIF file or structural
data from PDF-4/PDF-5 containing atomic coordinates and space group information). The
software iteratively refines phase fractions, lattice parameters, peak profile shape and width,
background, preferred orientation, and microstructural broadening; atomic positions and
occupancies may also be refined when data quality and structural reliability allow. This method
is selected when accurate quantitative phase analysis and detailed structural characterization
are required, and it is considered the standard approach for robust powder diffraction analysis
when full structural information is available.

3) Quantitative analysis

Quantitative analysis in SmartLab Studio Il is performed under the “Quantification using
Standard” workflow to estimate phase amounts without conducting a full Rietveld (WPPF)
refinement. This approach typically applies methods such as RIR (Reference Intensity Ratio) or
calibration using external or internal standards, based on previously identified phases and their



reference intensity data (e.g., from PDF databases). The procedure involves loading a
quantification standard, evaluating selected diffraction peaks, and confirming results through
intensity normalization. It is suitable for rapid and practical phase quantification when detailed
structural refinement is not required. However, the reliability of the results strongly depends on
proper sample preparation, accurate peak selection, instrumental stability, and the quality of the
reference intensity data used.

Supported file formats and Rasx Converter

These file formats are allowed in SmartLab Studio II.

RUN Rasx Converter to convert a file format

Rasx Converter

— O X
Conversion settings
D:\gq DemoData\Basic OQutput file format
File Name Type Size Date Modffied |Hﬁ5 (ras) bt
D Diat001-1.rasx RASX File 33KB 05/08/2024 10:35am
D Dat001-2 rasx RASX File 33KB 05/08/2024 10:35am
D Mix2 rasx RASX File 17KB  05/08/2024 10:35 am tducation Commission® | .
D Pow001_mix3 rasx RASX File 13KB 05/08/2024 10:35 am
s fardware information
Jal File information
25 Space Measurement conditions
Profile data
None
cps
Ja
Cu-Ko 1.541862
28w
Meaning:

e _rasx - Rigaku SmartLab native format (recommended)
e .ras - Older Rigaku format

e .rad - Rigaku data format (often raw scans)

e .raw > Raw data format



e _.asc > ASCII format (intensity vs. 28)

e Xy > Generic X-Y data format

e .txt-> Text format (must have correct columns)

e .img~> Image data (used for 2D detectors, NOT a simple picture like .jpg or .png)

Important Note on .img

This is not a standard image file (e.g., JPEG or PNG); it is raw 2D diffraction data from the
HyPix-3000 detector. Screenshots or photographs cannot be used for analysis in
SmartLab Studio Il

Peak Evaluation

Peak Evaluation is the first essential step in XRD data analysis because it converts the measured
diffractogram into a reliable set of peak parameters for interpretation. During data loading,
SmartLab Studio Il typically performs an automatic evaluation by detecting peak positions (20),
intensities, widths (FWHM), and background. However, automatic routines can miss very weak
reflections, merge overlapped peaks, or mistakenly pick noise/artifacts as peaks especially
when the background is high or the data are noisy.

In such cases, manual peak editing is required to add real missing peaks, remove false peaks,
and correct peak parameters so the peak list truly represents the measured pattern. After manual
changes, a fitting/refinement step should be run to update the peak model and background,
ensuring the calculated profile remains consistent with the measured data. Accurate peak
evaluation is critical because phase identification and any further analysis depend directly on
the quality of the peak list.

Select Basic = Select Evaluation
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) Phase identification




First, load the measurement data. As the data is being loaded, the software automatically
performs peak evaluation.
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After data is loaded, the Load data button in the Flow bar changes to Replace data. Clicking
Replace data loads new data while keeping the current analysis settings unchanged.

During the evaluation process, parameters such as 28, d-spacing, peak height, FWHM, and
others are calculated automatically
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Right-click the title bar and select Show Column Chooser to add or remove items from the
display.
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K-Beta Peak Identification

Some diffraction peaks may originate from KB radiation rather than actual crystalline phases, and
retaining them can lead to incorrect phase identification, as this peak will interfere with the
qualitative analysis and should be deleted. To verify whether a peak is due to K@ radiation, use
the Show Ka, KB, and La Lines cursor option in the Powder XRD toolbar.

When this function is enabled, the Ka1 marker appears in pink, while the KB marker appears in
green. Align the pink Ka1 marker with a strong diffraction peak, then check whether any nearby
peak coincides with the green KB position. Any peak that overlaps with the KB position is a
KB-derived artifact and should be deleted before performing qualitative analysis, as these peaks
may cause false matches during phase identification.

Repeat this check for all major peaks in the profile. Once all KB-related peaks have been removed
and peak evaluation is complete, click Refine under Profile Fitting to proceed with the analysis.
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Once finished uncheck the Show Ka, KB, and La lines.



You can Zoom in by left-clicking and dragging to draw a selection box. To view the other part of
the chart, right-clicking and drag the chart.
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Adding, Editing and Deleting Peaks

Peak evaluation is performed automatically when the measurement data is loaded, but manual
adjustments may still be necessary because accurate peak identification is essential. Automatic
detection may miss small or weak peaks or may not perfectly match the measured profile. In
such cases, you should manually refine the peak list to eliminate discrepancies between the



measured and calculated data. If any peaks are missing, they can be added using the “Add Peak”
option. Likewise, existing peaks can be edited or deleted as needed to achieve an accurate
representation of the diffraction pattern.
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Adding Peaks

Although peak evaluation is performed automatically, small peaks may sometimes be missed
or incorrectly processed. In such cases, manually adding the missing peaks ensures accurate
peak determination. After manually adding the necessary peaks, repeat the refinement process
to ensure proper evaluation of any peaks that were missed.
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Editing Peaks

Peaks can be modified using Edit Peak and clicking the target peak. The left and right red markers
adjust the peak width and shape, while the middle red marker changes the peak height. The green
line is used to adjust the position of the peak along the graph. By carefully adjusting these
markers, by moving these markers carefully, the peak can be fitted more accurately to the
measured data.
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After completing all edits, click Refine under Profile Fitting to update the peak evaluation.
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Deleting Peaks

If noise is mistakenly detected as a peak, remove it using Delete Peak. Automatic peak evaluation
can sometimes identify noise as real peaks, so such peaks must be deleted manually to
maintain accuracy.
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After deleting any incorrect peaks, refine the calculated data to ensure proper fitting, following
the same procedure used when adding a peak.
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Background Editing

In XRD, the background is the slowly varying intensity baseline beneath the Bragg peaks, arising
from non-Bragg contributions such as air scatter, incoherent/Compton scattering, sample
fluorescence (often significant for Cu Ka with Fe/Co/Ni-bearing samples), diffuse scattering from
disorder, peak tails, and sometimes broad features from amorphous material or very small
crystallites; in SmartLab Studio ll, background editing means fitting/adjusting this baseline (using
background markers/points) so it follows the true underlying signal and can be appropriately
subtracted for cleaner peak evaluation. Manual editing is needed when the automatically
calculated background is sloped, curved, elevated, noisy, or distorted, because an incorrect
baseline can be mistaken as part of peaks and lead to inaccurate peak heights, areas, and



FWHM, causing missed/merged weak peaks and unreliable phase identification. Correct
background editing improves peak-to-background ratio, stabilizes peak finding and profile fitting,
and increases the reliability of qualitative and quantitative analyses (including phase ID and
Rietveld), but it must be applied conservatively over-subtraction can remove real weak peaks,
distort intensity ratios used in search-match, flatten genuine amorphous humps, or even
produce negative intensities, which may result in incorrect or missed phases.

When Edit Background is selected, red markers appear on the graph. These markers define the
background shape, and you can adjust them by dragging the markers so that the background
curve follows the measured data accurately. Additional markers can be added by Ctrl + clicking
on the profile, and existing markers can be deleted by Ctrl + clicking on the marker itself. These
red markers act as nodes used to calculate the background intensity. Adjust or add/delete nodes
as needed until the background line closely matches the measured pattern. Once the
background shape is satisfactory, click Refine under Profile Fitting to apply the changes. If you
wantto preserve the manually adjusted background without automatic modifications, make sure
to uncheck “Refine Background” before refining.
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A correctly fitted background helps achieve:

e Accurate peak intensities (height and, more importantly, integrated area)

e More reliable FWHM/peak-shape parameters (less bias from baseline errors)

o Morereliable qualitative phase identification (especially for weak/minor phases)

e More stable quantitative analysis (Rietveld/profile fitting) with fewer systematic residual
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v Check “Refine Background” when you want the software to automatically smooth and
optimize the background after your manual adjustments.

v Uncheck “Refine Background” when your manually set background is accurate and you want
to keep it fixed without any automatic modification during refinement.
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For routine phase identification and profile fitting, the automatic background in this example is
acceptable. As a precaution, zoom to 10-25° and 55-80° 26 and confirm the background curve
follows the true inter-peak minima; adjust/add background points only in peak-free valleys and
never on peak tails to avoid over-subtraction.

Peak Evaluation: Peak Search, Integration & Profile Fitting
RUN (Peak Evaluation)

What it does: Executes the Peak Evaluation workflow using the options that are currently
checked (e.g., Apply data reduction, Peak search, Peak integration, Profile fitting) and then
updates the plot, peak markers, and peak list.

When/why to use: Click Run after changing any evaluation setting (o cut, method, preprocess,
reduction conditions, fitting options) or after loading/replacing data, so the software recalculates
results with the new parameters.

Effect: It can add/remove/shift peaks if Peak search is enabled, and it can update fitted peak
parameters/background if Profile fitting is enabled so avoid running it with Peak search checked
when manual peak edits must be preserved.
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Apply data reduction

Applies preprocessing to improve peak visibility (e.g., smoothing, background handling, Ka2
stripping). For qualitative ID, use it to reduce noise and make peak positions clearer, but avoid
over-smoothing that can distort weak peaks.

Reduction conditions (Customize...)

Opens the detailed parameters for data reduction (how much smoothing, background treatment,
etc.). Set these to enhance true peaks while keeping peak positions and shapes realistic for
database matching.

Ka, Elimination (Use vs. Avoid)

Ka, elimination is suitable for peak picking and qualitative phase ID, because it converts the
Ka,+Ka, doublet into an approximate single Ka, peak, improving symmetry for search/match and
basic fitting. Ka, elimination should be avoided for Rietveld refinement and line-
profile/microstructure work, since stripping is a subtraction procedure that can distort profiles,
change relative intensities, and amplify noise biasing FWHM/asymmetry/integrated-intensity
results unless the workflow is strictly Ka,-only.

Because crystallite size calculations depend directly on FWHM, any FWHM change introduced
by Ka, elimination will change the reported size so size analysis must use one consistent
(stripped or unstripped) workflow throughout.
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Peak shape: Split pseudo-Voigt

[secaston [

Automatically detects peaks and populates the peak list used for phase matching. For
qualitative ID, this is the main tool to generate the initial peak list before manual cleanup

(add/remove/edit).
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Preprocess (Customize...)

Controls optional preprocessing applied specifically for peak finding (often additional
smoothing/derivatives). Useful when peaks are noisy or weak, but too much preprocessing can
create false peaks or shift peak tops.

Method (Peak top method)

The Peak top method identifies peaks by searching for local intensity maxima in the measured
XRD pattern: a peak is reported when the intensity rises above the surrounding baseline/noise
and reaches a clear “top” that satisfies the set detection threshold (e.g., o-cut). This method is
fast, stable, and easy to interpret, making it well suited for routine phase identification when
peaks are strong, sharp, and well separated. Its main limitation is that it can miss weak or broad
peaks, and it may merge overlapping peaks or ignore shoulders, because it relies primarily on the
presence of a distinct maximum.

Method (e.g., Second derivative method)

This method finds peaks by looking at the shape (curvature) of the XRD curve, not just how tall a
peak is. It marks a peak where the curve bends strongly in a “peak-like” way, so it can detect
small or hidden peaks that do not have a clear top. This method is particularly useful for weak
peaks, broad peaks, shoulders, and overlapping reflections, and it often improves peak
detection in patterns with sloped backgrounds or minor phases. Because derivative operations
amplify noise, this method typically works best when appropriate preprocessing/smoothing and
realistic thresholds are applied; otherwise it can produce false peak picks in noisy data.



o cut

o-cut (sigma cut) is a peak-detection threshold that tells the software how far a signal must rise
above the local background/noise to be accepted as a real peak. Here, o is the standard
deviation of the noise (estimated from background regions), and the software typically accepts
a peak only if its height is greater than (background + multiplier x o). A setting of 3 means 30,
i.e., the peak must be at least three times the noise level above the background to be counted
as a peak.

Find amorphous peak

Find amorphous peak is an option that helps the software detect and report the broad diffuse
“halo” in an XRD pattern that comes from amorphous or poorly crystalline material (e.g., glassy
phases, polymers, disordered oxides), rather than sharp Bragg peaks from crystals. When
enabled, the program looks for a wide hump-shaped maximum (often spanning several degrees
in 26) and estimates its position, width, and intensity/area, which helps confirm an amorphous
component and supports semi-quantitative comparisons between samples. Practical indicator:
an amorphous halo is typically reported with a much larger FWHM than crystalline peaks,
because the diffuse scattering is inherently broad. Use this option when a clear broad hump is
present; avoid relying on it if the background fit is poor or fluorescence is high, since incorrect
background handling can make the halo appear artificially stronger or weaker.

Peak integration

Calculates peak areas/strengths after defining background and peak boundaries. For qualitative
ID it is optional but can help when comparing relative peak strength (e.g., major vs minor phase
indications) and profile/Rietveld workflows when intensities are used.

Peak integration -

Use measured background if available

Number of end points: |3

Peak position definition: | Peak top v

Peak top
Center of half maxima

Center of gravity
w#| Drafila fittinn ik

Use measured background if available

Uses a measured/background dataset (if present) instead of estimating background
mathematically. Helpful when fluorescence or high background makes peak detection difficult
gives cleaner peak evaluation.



Number of end points

Number of end points controls how many data points on each side of a peak are used to define
the start and end (integration limits) and to anchor the local baseline for area calculation. Using
more end points can stabilize the baseline estimate (useful in noisy data), while too many can
accidentally include neighboring peaks or peak tails; using too few can make the baseline
sensitive to noise. A moderate value (e.g., 3) is often a practical starting point.

Peak position definition (Peak top)

Peak position definition determines how SmartLab reports the peak 26 position from the
integrated profile. Peak top uses the maximum intensity point (fast and intuitive for sharp,
isolated peaks). Center of half maxima reports the center at half height (often more stable than
peak top when the peak is slightly asymmetric). Center of gravity uses an intensity-weighted
centroid across the peak region (helpful for broad or asymmetric peaks and partially overlapped
features, but more sensitive to correct background and integration limits).

Recalculate

Recalculate updates the peak integration results immediately using the current settings
(background choice, end points, and peak position definition). Use it whenever you change any
parameter so the peak positions and integrated areas in the Peak List reflect the new integration
rules.

Profile fitting

Profile fitting models each diffraction peak using a mathematical peak-shape function plus a
background, then adjusts the model parameters so the calculated pattern matches the
measured data. It is used to obtain more reliable peak parameters (position, intensity/area,
width/FWHM) and to handle overlap better than simple peak picking.

v’ Profile fitting i
Peak shape: Split pseudo-Voigt W

Use external profile standard Loa
Background type: B-spline v
Fitting condition: Edit Parameters...

v | Refine background

Simulate Refine Rwp= 6.48% 5= 1.3570



Peak shape (Split pseudo-Voigt)

Chooses the peak model used infitting; pseudo-Voigt is widely used because real XRD peaks are
mixed Gaussian/Lorentzian. Select Split pseudo-Voigt, Split Pearson VIl, CALSA, FP method,
Symmetric pseudo-Voigt, or Symmetric Pearson VIl as the peak profile function used for profile
fitting.

------- Gaussian
............. Lorentzian
— Voigt

selection guide

e Peaklooks symmetric > start with Symmetric pseudo-Voigt.

e Symmetric peak but tails need more flexibility > try Symmetric Pearson VII.

e Left andright sides are not equal > use Split pseudo-Voigt or Split Pearson VII.
e Youwant a physically based instrument/sample profile > use FP method.

e Data measured with CALSA high-resolution optics » use CALSA.

Background type (B-spline)

Defines how the background is modeled during fitting; B-splines give a smooth, flexible baseline.
Good for qualitative work because it follows broad background trends without forcing the peaks
to fit the baseline. Select one of the following: B-spline/Polynomial/Inverse polynomial/Line
connecting endpoints.

Fitting condition (Edit Parameters...)

Fitting condition (via Edit Parameters...) controls what the software is allowed to refine and the
limits/constraints during thefit (e.g., which peak parameters are fixed or free, ranges, tolerances,
and any constraints). Use it to prevent unstable fitting, especially when peaks overlap or the
signal-to-noise ratio is low.

Number of end points

Sets how many data points on the left and right sides of a peak region are used as the
end/baseline anchors for background and profile fitting. Using more end points usually makes
the baseline estimate more stable, but if too many points are included they may capture



neighboring peaks or a sloping background and distort the fit. For qualitative work, choose
enough points to represent the local baseline clearly while staying outside adjacent peaks.

Refine background

Allows the background curve to adjust during fitting. When the Refine background box is
selected, both peak profiles and background will be refined. When the Refine background box is
cleared, only peak profiles will be refined but the background is kept fixed so your existing/edited
baseline is preserved and not altered by the fitting routine.

Simulate

Simulate calculates and displays the pattern using the current model settings without
performing an optimization. Use it as a quick preview to see whether the chosen peak shape and
background type are reasonable before running a full refinement.

Refine

Refine runs the optimization step that iteratively adjusts the selected parameters (peak shape
parameters, peak position/intensity/width, and optionally background) to minimize the
difference between measured and calculated profiles. After refinement, review the fit quality
numbers (Rwp, S) and visually check that the model follows peak shapes and valleys realistically.

Rwp, S

Rwp (weighted profile R-factor) and S (goodness-of-fit) are quick indicators of how well the
calculated profile matches the measured XRD pattern: lower values generally mean a better fit.
Rwp is reported as a percentage (lower is better; as a rough guide <5% excellent, 5-10% good,
10-15% acceptable, >15-20% poor), while S compares the remaining misfit to the expected
statistical noise (ideal = 1; 1-1.5 good, 1.5-2.5 fair, >3 poor). Use these numbers mainly as a
sanity check for phase ID and peak evaluation, correct peak positions and realistic peak
shapes/background matter more than chasing perfect Rwp/S values.

Automatic Phase ldentification by Search/Match

Automatic Phase ldentification (Search/Match) in SmartLab Studio Il performs a database
search/match by comparing the measured peak positions and intensities (generated in Peak
Evaluation) against reference patterns from the installed PDF/ICDD (d-1) or other databases, then
returns aranked list of candidate phases. The function is best applied after the peak listhas been
cleaned (real peaks retained and artifacts/false picks removed), because the reliability of the
suggested matches depends strongly on the quality of the input peaks; in routine workflows it
serves as the primary tool for rapid qualitative phase identification. The output populates the
Search results / Candidate phase lists and typically supports overlaying reference peak
markers/patterns on the measured scan so agreements and mismatches are immediately
visible.

Load file = perform peak evaluation = Click Phase identification = Search/Match (confirm
Optimize diffraction pattern checkbox is selected).

Optimize diffraction pattern



Optimize diffraction pattern improves Search/Match reliability by applying internal optimization
during phase identification: when the box is ticked, SmartLab Studio Il conditions the pattern for
matching (e.g., improved baseline handling/smoothing) and may also optimize the selected
reference card (lattice parameters) to better align calculated peak positions with the measured
pattern before listing it in the results, which typically gives cleaner, more stable candidate
rankings. When the box is cleared, reference cards are compared and added as-is and the
matching uses the pattern without this extra optimization, which can preserve subtle real
features but may increase false/less-stable candidates if the data are noisy or the baseline is
imperfect.

Ticked = cleaned measured pattern + better-aligned reference card for more reliable
Search/Match.

Unticked = more direct/raw comparison.
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Subfile

When using the ICDD PDF-2 database, the Subfile option filters the classes of materials that will
be searched during Search/Match. This narrows the search space, reduces false matches, and
increases the chance that the expected phase appears near the top of the candidate list. Subfiles
should be selected based on sample type and origin (e.g., mineral, ceramic, alloy, battery,
polymer) and any known processing/environment (e.g., corrosion products, cement hydration).
If the sample is unknown, it is better to start broad (e.g., Inorganic / Common phase) and then
narrow the subfiles after an initial result. Select only the checkboxes that realistically match the
sample to keep the candidate list accurate and manageable.
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Subfile || Elements Filter | Misc. | Residual Peak List

Run Close

Subfile ||Elements Filter | Misc. | Residual Peak List

Run Close

Elements filter

The Elements filter is used to restrict Search/Match to only those PDF-2 entries whose chemical
composition is consistent with the sample. By excluding impossible phases and prioritizing
chemically realistic ones, it significantly improves the ranking and reliability of the candidate list
especially when peak overlap or high background makes pattern-only matching uncertain. Each
element can be assigned one of four states (colors), which act as chemical rules during the
search:
e Grey-Unknown: No condition is applied; the element is ignored in filtering.
e Red-NotIncluded: Candidate phases must not contain this element (useful to
eliminate obvious false matches).
e Blue -Included: Candidate phases must contain this element (use when an element is
confirmed to be present and diagnostic).
e Green-Include at Least One: Candidate phases must contain at least one of the
green-marked elements (useful for mixtures where different phases may contain
different key elements).

Conditions can be set manually by clicking an element to cycle through: Unknown > Not Included
= Included - Include at least one. In practice, Blue should be used only for elements that are
confidently present (e.g., from synthesis recipe or XRF/EDS), because forcing an element can
unintentionally remove the correct phase if the element is only present in trace form or in an
amorphous component. “Green (Include at least one)” is used when the sample may contain
different phases with different compositions, so it is risky to force one single element to be
present in every candidate. Example: if a mixed sample could contain TiO, (Ti), Al,O, (Al), and an
iron oxide (Fe), marking Ti, Al, Fe as green tells the software: “Return phases that contain at least
one of these elements.” This keeps all realistic phase families in the search, but still filters out
unrelated phases that contain none of those key elements—so the search is narrowed without
being too strict.

For best results, keep the filter chemically realistic but not overly strict: use Red to exclude
elements that are truly impossible (e.g., Cl-free processing, no heavy metals), use Blue for



confirmed major elements, and use Green when multiple phase families are expected. The filter
can also be populated efficiently using Load XRF Data...; importing XRF results lets the software
automatically assign element states based on measured composition, providing a strong starting
point that can then be fine-tuned for qualitative phase identification. The green setting is
recommended when analysing complex mixtures, where different phases may contain different
sets of elements.
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Itis also possible to select search conditions collectively in this way.
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Residual Peak List

The Residual Peak List allows Search/Match to be performed using only the peaks selected in
this list. For example, if a weak peak remains unexplained after identifying the main phase(s),
that peak can be selected alone so the software searches specifically for phases that could
account for it. This is particularly helpful for finding minor, impurity, or overlapping phases that
are masked in the full pattern search. It is best used as a follow-up tool after the primary
identification step, while the Elements Filter remains the most commonly used option for

routine, chemistry-guided phase searching.



Search/Match E “
Selectall | Selectl>(esd) | 3.0 =
No. & 28, ° Residual, cps® Norm. Residual Phase Name
» M1 25.244(5) 6242(69) 100.0(11) Unknown ~
2 27.37203) 1701(20) 27.33) Unknown
3 36.01903) 732(10) 11.73(16) Unknown
4 36.879(7) 336(6) 5.38(10) Unknown
5 37.73603) 1338(12) 21.44(19) Unknown
6 38502(4) 405(6) 6.49(10) Unknown
7 39.116(3) 113(3) 1.82(5) Unknown
8 411723) 362(6) 5.80(9) Unknown
9 43.987(4) 128(3) 2.06(5) Unknown
10 47.9755(16)  1869(11) 29.94(18) Unknown
11 53.8366(18)  1167(11) 18.70(18) Unknown
12 54.2652(14)  1019(11) 16.33(17) Unknown
13 55.002(2) 1183(9) 18.95(14) Unknown
14 56.572(4) 313(6) 5.01(9) Unknown
15 62.060(6) 191(5) 3.06(8) Unknown
16 62.640(2) 1089(8) 17.44(12) Unknown
17 63.994(4) 142(3) 2.27(5) Unknown .
| Subfile | Elements Filter | Misc. | Residual Peak List [l
Run Close

For instance, when a small peak remains unassigned, deselect Select All and select only the
checkbox for the unidentified peak to perform a search focused on that peak.

Search/Match © N Search/Match : IEN]
@ Select I>(esd)* [ 30 [ ] (W] Selectall | Selectl>(esd)| 30 &) [
No. &  28° Residual, cps® Norm. Residual Phase Name No. &  28° Residual, cps° Norm. Residual Phase Name
v (1 25244(5)  6242(69) 1000011) Unknown A []1 252445  6242(69) 1000(11) Unknown ~
(2 2732@) 17010 2730) Unknown T2 273728 17010) 2730) Unknown
[J3 360193  73200) 1173(16) Unknown [J3  [360198)  732010) 11.73016) Unknown
C]4 368797  3%(6) 5.38(10) Unknown [J4 |368797 3366 538(10) Unknown
15 377363 1338(12) 21.44(19) Unknown [Js |37736@ 1338012 21.44(19) Unknown
[J6  385024)  405(6) 6.49(10) Unknown []6 385024  405(6) 6.49(10) Unknown
O7 301188 113@) 1.8265) Unknown (7 301166 113 1.82(5) Unknown
(s 41123 3626 5.8009) Unknown s |41172@) 3626 580(9) Unknown
Clo 4398768  12803) 2.06(5) Unknown [Jo 43987 12803 206(5) Unknown
[]10  47.9755(16)  1869(11) 20.94(18) Unknown []10 | 47.9755(16)  1869(11) 29.94(18) Unknown
[J11 53836613)  1167(11) 1870(13) Unknown [J11 53836618  1167(11) 1870018) Unknown
[J12  s42652014)  1019(11) 1633017) Unknown [J12 | 54265214)  1019(11) 1633017) Unknown
[]13  55002@2) 11839 1895(14) Unknown [J13 |s50022) 11839 1895(14) Unknown
[]14  s65724) 3136 501(9) Unknown []14 565724 313(6) 501(9) Unknown
CJ15 620606  191(5) 3.06(8) Unknown [[TMs Teoee 1016 3.06(8) Unknown |
[J16  626402)  1089(3) 1744(12) Unknown TT16 626402  1089@) 17.44012) Unknown
[J17  639%4@)  1423) 2.275) Unknown . []17 63904 14203 227(5) Unknown .
| subfile | Elements Filter | Misc. ‘ Residual Peak List | subfile | Elements Fitter | Misc
Run Close Run Close

Miscellaneous

The Misc. tab contains advanced Search/Match controls that fine-tune how candidates are
ranked and filtered, helping produce cleaner and more meaningful phase-ID results. For routine



qualitative identification, these options are mainly used to reduce duplicate hits, control
matching strictness, and bias the search toward phases that better explain the measured
pattern.

Key settings and their practical use include: Tolerance of lattice parameters (%), which defines
how far the reference lattice parameters may be adjusted/accepted during matching (useful for
solid solutions or slight strain); and options such as Hide phases having the same chemical
formula and same crystal system, which suppresses near-duplicate entries so the results list is
easiertointerpret. If quantitative methods like RIR are intended, Show only phases with RIR value
restricts the result list to entries that include RIR information; otherwise, leave it unchecked to
avoid unnecessarily removing valid qualitative candidates. Additional checkboxes (e.g., Search
minor components preferentially, Evaluate preferred orientation, Evaluate element ratio) can
help highlight minor phases, handle texture effects, or enforce chemical plausibility these are
most useful when the sample chemistry is known (from recipe, XRF/EDS). The Database to
search section allows selecting one or more available databases (e.g., installed Rigaku/CIF-
based databases), and Default restores the software’s recommended baseline settings for this
tab.

When required settings are completed, then click RUN button.

E Search/Match g “

Tolerance of lattice parameters, %:| 3.0 Default
Maximum FOM:

v/| Hide phases having the same chemical formula and same crystal system
Show only phases with RIR value

) Search minor components preferentially

v/| Add phases to the candidate phase list automatically

Evaluate preferred orientation

v’| Evaluate element ratio

FOM

Peak position . Intensity

Weight for R (Elem.) .

)
Database to search

CoD

v'| RigakuDemo2018

Subfile | Elements Filter}| Misc. || Residual Peak List

Run Close




Search results is the complete, ranked output of Search/Match i.e., all database phases that
show a possible match to the measured pattern based mainly on peak positions (and, depending
on settings, relative intensities and lattice-parameter optimization). It is a “suggestion list” that
may include correct phases as well as chemically unrealistic or duplicate hits.

Candidate phase is the smaller, user-confirmed set selected from the Search results (or chosen
automatically by the software) that represents the most likely phases actually present. Only
candidates are treated as “active” phases for practical checking such as overlaying reference
peak bars/patterns, assigning peaks in the peak list, and building a consistent multi-phase
interpretation by explaining the remaining unidentified peaks.

? R
Search/Match... ,F Import... | ¥ Indexing...
v/| Optimize diffraction pattern
Clear List
Phase Name Chemical For... QM  FOM/F20 RIR DB Card Number Lattice Parameters
4  Search/Match
Anatase, syn 02 Til C 0.884 4.960 1:RigakuDem... 3.785, 3.785, 9.512, 90.00, 90.00, 90.C
Indexing
Import
< >
v rY
Candidate phase
Set
Phase Mame Chemical Form... QM  FOM/F20 RIR DB Card Number Lattice Parameters
» | Anatase, syn 02 Ti1 C 0.082 4,398 15 : RigakuDe... | 3.785, 3.785, 9.512, 90.00, 90.(
» Rutile, syn 02 Til C 0.163 3.603  3:RigakuDem... 4.587,4.587, 2.954, 90.00, 90.(

Figure of Merit (FOM)

Figure of Merit (FOM) is a match-quality index used by SmartLab Studio Il to rank Search/Match
results according to how well a database reference pattern agrees with the measured XRD data.
In general, a lower FOM indicates a better match, meaning the candidate’s peak positions (and,
depending on settings, intensities) aligh more closely with the measured peaks and fewer strong
peaks remain unexplained. FOM is therefore a useful first guide for selecting likely phases;
however, final selection should still be confirmed by checking the peak-bar overlay for missing
strong predicted peaks, unexplained measured peaks, and chemical plausibility. In the example
shown, the phase with the smaller FOM would be considered the more reliable match than a
phase with a larger FOM.



Phase Names in Peak List

After suitable phases have been selected and confirmed, SmartLab Studio Il assigns those
phases to matching peaks, and the corresponding phase name (and related indexing
information, where available) appears in the Phase Name column of the Peak List. Peaks that
remain labeled “Unknown” indicate reflections that are not explained by the currently selected
candidate phase(s). In this situation, the phase search should be repeated typically by running
Search/Match again and, if needed, using a targeted search on the unexplained peak(s) (Residual
Peak List) to identify possible minor/impurity phases.

Before assuming “Unknown” peaks represent a new phase, it is important to verify peak quality.
Poor peak evaluation can leave noise peaks, KB-related features, or background artifacts in the
peak list, and these will often remain unassigned. Therefore, each “Unknown” peak should be
checked against the raw profile (shape, intensity, repeatability) and the instrument/source
conditions to confirm whether it is a true diffraction peak or an artifact (noise/K@), and only then
should it be used to drive additional phase searching.

Peak Profile View ~ Phase Data View  Crystal Structure View  Crystallite Size Distribution View Clear List
. Phase Name Chemical Form... QM FOM/F20 RIR
Peak List [
4 Search/Match
V| Only displayed in chart Phase name: | Unknown v \a \a @ KOEEER, S 22 & HE) s
Indexing
No. 20,° Size, A FWHM, ® d, A Phase Name Decay(nH/mH Import
1 25.244(5) 556(15) 0.153(4) 35250(6) | Unknown 0.73(12)
2 2737203 769(20) 01113 32556(4) | Unknown 0.53(8) < >
3 3601903 876(24) 0.100(3) 2.49139(18) | Unknown 0.58(9)
4 368790 59121) 0.148) 24352(4) | Unknown 0.08(9) T=
5 27736G) 675015 01303)  238189(17)  Unknown 073 Candidate phase
6 38502(4) 680(25) 0.129(5) 233623) | Unknown 0.54(9) et
7 39116(3) 1016(62) 0.087(5) 230099(17) | Unknown 0.46(14)
8 411723 1082(38) 0.082(3) 2.19070(15) | Unknown 0.49(9) Phase Name Chemical Form.. | QM | FOM/F20| R
9 43987(4)  960G7) 00934)  205681(17)  Unknown 0.72(18) * Anatase, syn 02Tt C 0082 45
10 47.9755(16) | 726(10) 0.1250(17)  1.89472(6)  Unknown 0.68(4) > [Rutile; sy oz I 0163 3 6t
11 53.8266(18)  745(13) 0.125(2) 170145(5) | Unknown 0.59(5)
12 542652(14)  978(15) 00953(15)  168902(4)  Unknown 0.59(5)
13 550022) 735(12) 0.127(2) 166812(6) | Unknown 0.69(5)
——— .(.._.... P —— - . P < >
If the candidate phase listis final then press Set
- Phase Name Chemical Form... QM FOM/F20  RIR
4 Search/Match
/| Only displayed in chart Phase name: | All v = a8 | K (IEER e SR I0E5 oy
Indexing
No. 28,° Size, A FWHM, © d A Phase Name Decay(nH/mH Import
1 25.244(5) 556(15) 0.153(4) 35250(6)  Anatase, syn: 101 0.73(12)
2 273n20) 769(20) 0.1113) 32556(4)  Rutile, syn:110 0.53(8) < >
3 3601903 876(24) 0.1003) 249139(18)  Rutile, syn:101 0.58(9)
4 3687907 591(21) 0.148(5) 24352(4)  Anatase, syn: 103 0.08(9) M
5 37.736(3) 675(15) 0.130(3) 238189(17)  Anatase, syn: 004 0.73(7) Candidate phase
6 | 38502(4) 680(25) 0.129(5) 23362(3)  Anatase,syn: 112 0.54(9) =
7 301160) 1016(62) 0.087(5) 230099(17)  Rutile, syn: 200 0.46(14)
8 41172@) | 1082038) 0.0823) 219070(15)  Rutile, syn: 111 0.49(9) e 22 MBI g mical Form...| GM | FOM/F20
9 43987(4) 960(37) 0.093(4) 205681(17)  Rutile, syn:210 0.72(18) 4 AN N ] 02 1T C |08z
10 47.9755016) | 726(10) 0.1250(17)  1.89472(6)  Anatase, syn:200 0.68(4) @ Anatase, syn 0211 C o082
11 53.8366(18) | 745(13) 0.125@2) 1.70145(5)  Anatase, syn: 105 0.59(5) gl Gt S5 QLI £ Wi
12| 54.2652(14) | 978(15) 0.0953(15)  1.68902(4)  Rutile, syn:2 11 0.59(5) ® | Rutile, syn 02Tm c_|o1e3
13 55002(2) 735(12) 0.127(2) 166812(6)  Anatase, syn:2 11 0.69(5)
. ————— (.._.._. PR - - . P s < >
< > < >
Peak List ~ Phase Information  Sample Information 1t Model C iti Peak Evaluation Phase Identification

Only displayed in chart filters the Peak List to show only the peaks that are currently visible in
the plotted 26 range. Check it when working on a specific region (zoomed view) to quickly



edit/verify peaks without scrolling through the full list. Its effect is display-only: it does not
change the data or peak fitting just hides peaks outside the current chart window.

Search/Match... ws Import... | v Indexing...

Optimize diffraction pattern

Search results

Clear List
Phase Name Chemical For... QM FOM/F20 RIR DB Card Mumber Lattice Parameters

4  Search/Match
Anatase, syn 02 Ti1 C 0.884 4,960 1:RigakuDem... 3.785, 3.785, 9.512, 90.00, 90.00, 90.C

Indexing
Import

Residual is the point-by-point difference between the measured XRD intensity and the
calculated/fitted intensity, while the Error trace shows the expected statistical uncertainty of

the measured counts from counting statistics.

Afitis considered good when the residual fluctuates randomly around zero and stays mostly
within the error trace; large or systematic deviations suggest that the model does not fully
describe the data, often due to incorrect peak position, intensity, width, background, or

phase/model choice.
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Phase ldentification by d-1 (PDF-2) Database Import

Manual phase identification using the d-I (PDF-2) database is performed by selecting the target
database (e.g., PDF-2 2026) and then applying one or more search conditions for example a phase
name such as Hatrurite. This approach is most valuable when the expected phase is already known
(fully or partially), or when automatic Search/Match misses weak or minor peaks due to overlap,
background, preferred orientation, or low intensity.

The d-I search allows targeted filtering using practical identifiers such as phase name, chemical
formula, elements, stoichiometry, crystal system/space group, or a specific DB card number. After
clicking Search, the matching cards are listed; the correct entry can then be verified and selected,
and imported by ticking the checkbox and clicking Add. In practice, this method improves reliability
by forcing the comparison against a known, chemically plausible phase, and it is especially effective
as a confirmation tool—i.e., importing a suspected phase to overlay its peak positions and check
whether it explains the unexplained reflections before expanding the candidate list further.

08 I SmartLab Studio Il x64 v4.6.4260 >>logged in as Administrator from Administrators group ro-

e low

File Operations

XRR HRXRD powder XRD % [N g Logging User Manager DB Manager Materials Manager -

Storage: ® File system () Database

Task Basic v —Mix2

Working n

Dataset

Phase Name Chemical Form.. QM | FOM/F20 RIR DB

Intensity, cps

Replace data ‘
) |\~IJ i ﬂ ll L Ao b "
w0 o

28,

Load template = ,

Peak Profile View  Phase Data View  Crystal Structure View  Crystallite Size Distribution View

@ Peak evaluation

) Phase identification

PeakList  Phase Information  Sample Information  Instrument Model  Measurement Canditions Peak Evaluation  Phase Identificatio

This example demonstrates entering the name of the crystalline phase in the Phase Name field
and clicking Search, which displays the corresponding target crystal phase.



! d-1 database L? ,
g Search conditions Search results
h
Databace to-seard 5 = No. Name Chemical Formula QM RIR | DB Card Number
7 l V| PDF-2 2026 I 2
v
Phase name: iﬂ,a,tff“f,ite
[ ] Chemical formula: ‘
f [] Elements: Specify Elements.
K ["] Stoichiometry:
[] Crystal system: ‘ D
["] space group: i ﬂ
D DB card number: ‘
[ subfile:
~
v
4 £ > < >
Delete User Subfile. Search Total hits:0 Previous 1000 Next 1000 Clear List
Delete from User Database Add to User Subfile.. Delete from User Subfile... Add Close

d-I database N - |
Search conditions Search results
Database t h
Rl s [ No. Name Chemical Formula QM |~ RIR DB Card Number
j PDF-2 2026 2 » [11  Hatrurite, syn Ca3Si05 | 0000 00-016-0406:.. 7.15
[ \4 [[]2 | Hatrurite, syn Ca3Si05 S 0000 | 00-055-0740:... 185
| D 3 hatrurite, syn, tricalcium... | Ca3 (Si04) 0O S 0.771 00-071-0562 ... = 33.0
Phasa R P Hatrurite l il [14 Hatrurite, syn Ca3(Si04)0 S 0770 | 01-070-8632:... | 33.1
—— [J5  Hatrurite, syn Ca3(Si04)0 | 1.280 | 01-073-0599:. | 7.05
L] Chemical formula: | I Cl6 | Hatrurite, syn Ca3(5i04)0 | 1440 | 01-073-2077:.. | 7.00
[ Elements: Specify Elements. [(17 ' Hatrurite, syn Ca3(Si04)0 B 2320 01-084-0594:.. @ 7.09
I [ stoichiometry: [ 1 (8  Hatrurite, syn Ca3(5i04)0 | 0780 |01-085-1378:.. 330
s " []9 | Hatrurite, syn Ca3(Si04)0 | 0980  01-086-0402:. 122
[] Crystal system: l
[] Space group: [ |
D DB card number: ‘ ’
[] subfile:
| o
|
|
|
[
| " v
| < > % 3
Total hits: 9 Previous 1000 Next 1000 Clear List
Delete from User Database Add to User Subfile... Delete from User Subfile... Add Close

Similarly, entering the elemental information associated with the target crystalline phase in the
Elements field and clicking Search displays the corresponding crystalline phase.



d-1 database :
Specify Elements

L

Search conditions
Database to search

Settings list

\ :,‘ Register Delete

E] Phase name:

D Chemical formula:

Elements:
I || Stoichiometry:

[] Crystal system:
["] space group:
|:] DB card number:

[] subfile:
UH Elements Filter ‘
Close
i . + v
<l ] 2 < 1 >
Delete User Subfile.. Search | || 1 ¢l hits:0 Previous 1000 || Next1000 || Clear List

Delete from User Database Add to User Subfile... Delete from User Subfile... Add Close

After locating the desired card, select its corresponding checkbox and click the Add button.

d-I database \_“

E Search conditions Search results
" Datalisst 0 ssarch No. Name Chemical Formula QM RIR | DB Card Number Lattice Parameters SpaceGroup | Z | Volume | Density
1 PDF-2 2026 EU [J1  Bunsenite NiO B 0000 |00-001-1239%. | 41714171417190.0090009000  225:Fm-3m 4 72564 683700 | A
= [J2  Bunsenite NiO B 0000 00-002-1216:.  417241724172900090009000  225:Fm-3m 4 72616 683200 |
| ¥ [J3  Bunsenite, syn NiO | 3300 |00-004-0835.. | 41774177417790.0090009000 | 225:Fm-3m 4 72872 680800 |
T [Fomote | 4 | Nickel Oxide Ni203 O 0000 00-014-0481:. 4610461056109000900012000 - 2 103251 532000 | |
- 5 Nickel Oxide NiO | 0000 |00-022-1189:..  29542.054723690.0090.00120.00  166:R-3m 3 54683 680400 | |
L Chemical formula; — []6 | Nickel Oxide NiO S 2100 | 00-044-1159:. | 295529557.22790.009000 12000 | 166:R-3m 3 54663 680700 | |
V] Elements: [17 Bunsenite, syn NiO S 6150 | 00-047-1049:. | 41774177417790.0090009000  225:Fm-3m 4 72883 680700 | |
E Stoichiometry: [le N Quige N2 S 0002210, epsoomiasRenIeINN  iCn 26 4
———— b &5 Nickel e NiO S 4678  00-073-0450:. 4.1804.1804180900090009000  225:Fm-3m 4 730% 679100
L ———— 710 Bunsentte, syn WO T 5050 010711170+ | A1784.1764.176 00090008000 | 225:Fm-3m. 2 72030 680300
[ space group: [ ] 11 Bunsenite, syn NiO | 4760 |01-071-4750.. | 42004200420090.0090009000  225:Fm-3m 4 74088 669600
[] DB card number: [J12 Bunsenite, syn NiO | 4740 |01-071-4751.. | 418041804.18090.0090.009000 | 225:Fm-3m 4 73035 679300
[ subfil [113 | Nickel Oxide NiO | 4740 | 01-071-6719.. | 29522.952721790.0090.00 12000  166:R-3m 3 4454 683300
ubfile:
[]14| Nickel Oxide NiO | 4740 |01-071-6720.. | 29522952721890.0090.0012000  166:R-3m 3 54472 683100
Al 115 Nickel Oxide NiO | 4740 |01-071-6721..  29522.952722090.0090.00 12000  166:R-3m 3 54503 682700
| Lﬂ []16 Nickel Oxide NiO | 4740 |01-071-6722.. | 29532953722390.00900012000  166:R-3m 3 54553 682100
117 Nickel Oxide NiO | 4740 |01-071-6723..  29542.9547227900090.0012000  166:R-3m 3 54621 681200
; []18 Nickel Oxide NiO | 4740 | 01-071-6724.. 2955205572329000900012000  166:R-3m 3 54685 680400
| [119 Nickel Oxide Ni1.875 02 | 3010 |01-072-1464:. | 51152958295490.001251990.00 | 12:C2/m 136526 645800
D — - } []20  Nickel Oxide Ni1.875 02 | 3010 |01-072-4521.. | 51152.958295490.001251990.00 | 12:C2/m 136526 645800
E - [121 Bunsenite. svn NiO I 4740 [01-073-1519.. | 41684.1684.16890.0090.009000 | 225:Fm-3m 4 72428 l6s5000 | ¥
Delete User Subile... Search | | 167 Previous 1000 || Next 1000 || Glear st |

Delete from User Database Add to User Subfile... Delete from User Subfile... Add Close

Worked Example: XRD Phase ldentification and
Reporting

The report contents should be selected based on purpose typically measurement conditions,
the measured diffraction profile, and the final phase identification/phase information for a

paper.



Analysis of the sample Lanthanum Hexaboride (LaBy)

Phase Data View ) -

4000

Intensity, counts

2000+

Search/Match... \’7 Import... || v Indexing..

LaB6_standard

V| Optimize diffraction pattern

Search results

Clear List

Phase Name Chemical Formula QM | FOM/F20
4 Search/Match @
| 1,2-Dilauroyl-sn-glyc... €27 H52 O5 o] 1.228
heparin sodium salt, |... B 1.250
Nylon 6/12, pcl/pll co... | (C10.8H20.6 NO)n (0] 1337
Poly(ethylene) HD (C2H4)n S 1351 v
B - < o
i , \ N L l\ | ‘ h L :L Candidate phase
e R B e B B e 5 S e s S T o e
g & - ° _ La B6
— - - (<) o - ~N O - - o Phase Name Chemical Formul. QM  FOM/F20 RIR DBC
- - o - S U - 2 N 2w o 2 2 - o T «
| ‘N I ““ o ‘ l”‘ H o~ © g mom o PN b Lanthanum Boride  La B6 S 0200 0000  00-058-033
1 ™ | =2 i
! ! . » ManganeseZine  Mn260zn1040 I s 1028 6811  01-092-912

20 40 60 80 100 120
28,

< >

Peak Profile View Phase Data View  Crystal Structure View  Crystallite Size Distribution View Peak Evaluation Phase Identification

Peak List

Phase Information ~ Sample Information  Instrument Model ~Measurement Conditions.

Phase Selection Rules (PDF-2 Search/Match)

From the screenshot, Lanthanum Boride (LaBg) appears in the Candidate phases list along with
an unlikely second phase (e.g., “Manganese Zinc ...”), while the Search results list also contains
clearly chemically irrelevant organic entries this is a common artifact of automated matching

when

How t

1.

peak lists include overlaps/noise or intensity weighting is high.
o decide whether one phase or two are real (practical rules):

Chemistry first (hard filter): keep only phases consistent with known/expected elements
(set Elements Filter to La + B for this training sample; also restrict to Inorganic subfiles).
Anything like polymers/organics can be discarded immediately.

Coverage of peaks (strongest criterion): the main phase should explain all major
measured peaks (positions) and most minor ones; accept a second phase only if it
explains remaining unmatched peaks after the primary phase is applied.

“3-peak rule” for a minor phase: a secondary phase is credible only if 23 of its strong
lines appear at the correct 28 without relying on overlaps with the main phase.

Intensity sanity check: relative intensities should be reasonable; if the candidate’s
strongest line is absent or extremely weak while weaker lines “match,” it is usually a
false positive.

Residual peak list check: after selecting LaBg, look at Residual Peak List if residuals are
just noise/trace bumps and no consistent pattern remains, keep single-phase LaB,.

Bottom line for this LaB, dataset: select LaB, as the primary (and likely only) phase, and treat
the second candidate as spurious unless it uniquely accounts for several clear residual peaks
with correct intensity behavior.
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Selecting the Correct PDF-2 Candidate (when many “LaB, / Lanthanum Boride” entries
appear)

1. Filter by chemistry first: keep only entries with exact formula LaBg (discard “Boron-
Lanthanum ...” variants unless the formula is identical).

2. Pickthe best match statistic: sort candidates by FOM/F20 and start with the lowest
value (best fit to peak positions/intensities).

3. Prefer highest data quality: choose entries with the best QM/quality mark (higher-quality
evaluated/reference patterns) and with a valid RIR (helps later quantification).

4. Validate by overlay, not the number: select the candidate whose stick pattern explains
all major peaks and leaves minimal residual peaks; accept a second LaBg entry only if it
uniquely explains peaks the first one cannot (rare for a single-phase standard).

5. Use the most complete reference: prefer the card that contains indexed peaks + lattice
parameters/space group (best for refinement and consistency checking later).
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The selection is conceptually correct: the chosen Lanthanum Boride (LaBg) entry sits at the
lowest FOM/F20 (~0.204) and its stick pattern aligns with the dominant peak set, so it is the best
primary candidate. Critically, the candidate list contains multiple LaBg cards with very similar
FOM, so the most reliable choice is the one with higher QM (better evaluated data) and richer
card metadata (indexed peaks/lattice parameters/RIR if later quantification is needed). The long
“Search results” list above (Mn-Zn, Ni-Ti, polymers, etc.) indicates the search is still
chemistry-underconstrained, so applying an Elements Filter (La+B) and restricting to
inorganic/ceramic subfiles will reduce false positives and make minor-phase decisions depend
mainly on residual peaks, not database noise.
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Subfile | Elements Filter | Misc. | Residual Peak List

Run Close ]

Elements Filter Check (Known LaB; Sample)

The Elements Filter configuration shows B and La marked as included (green), while most other
elements remain unassigned (grey). This is an appropriate starting point for a known LaBg
specimen, because the PDF-2 Search/Match is guided toward phases containing La and B,
reducing chemically unrelated matches. For cleaner, more selective results, set La and B to
“Include One At Least” (must contain) and set common organic false-positive elements (C, H, O,
N) to “Not Included” when working with an inorganic ceramic; these restrictions should be
relaxed only when screening for possible impurities or contamination.



Search/Match ? -

Settings list

‘ '__" Reqgister Delete Load XRF Data... |

| Subfile | Elements Filter ‘ Misc. ‘ Residual Peak List |

Run Close

Elements Filter Setting (LaB; Confirmation vs. Impurity Screening)

In the Elements Filter, La and B are set to “Include One At Least” (green) while most other
elements are set to “Not Included” (red). This configuration forces PDF-2 Search/Match to return
phases containing La and/or B, making it well suited for confirming LaBg and suppressing
chemically unrelated matches.

Caution: This setting is intentionally restrictive and can mask genuine secondary
phases/contaminants (e.g., oxidation/hydration products or sample-holder/adhesive
contributions). For impurity screening, keep La and B as required, but set likely impurity elements
(commonly O, C, Si, Al) to “Unknown” rather than “Not Included” to allow plausible impurity
candidates to appear.



g Search/Match ! -
x
-
Selectall | Select I>(es.d)* [ [V
== == e e P =
’ 12 75.463(7) 2.2(6) 0.14(4) Unknown o
5 41.620(4) 5.2(6) 0.34(4) Unknown
2 21.57(2) 15(5) 1.0(3) Unknown
e S = = S
21 111.933(3) 35(21) 2.3(14) Lanthanum Boride: 4 2 0
i 18 99.6407(19)  41(23) 2.7(15) Lanthanum Boride: 4 10
. 17 95.664(4) 6(20) 0.4(13) Lanthanum Boride: 40 0
23 120.731(3) 66(21) 42014) Lanthanum Boride: 3 3 2
a 20 107.752(4) 27(21) 1.8(14) Lanthanum Boride: 3 3 1
19 103.657(3) 27(24) 1.7(15) Lanthanum Boride: 33 0
16 87.7865(17)  -7(24) -0.5(16) Lanthanum Boride: 3 2 1
15 83.835(2) -1(21) -0.1014) Lanthanum Boride: 32 0
' 13 75.8365(19) | -34(23) -2.2(15) Lanthanum Boride: 3 11
1 71.7344(14) | -41(25) -2.7(16) Lanthanum Boride: 3 10
1 14 79.859(4) -1(19) -0.1(12) Lanthanum Boride: 2 2 2
1 10 67.5373(13) | -85(27) -5.5(17) Lanthanum Boride: 2 2 1
g 9 63.2091(18) | 1(22) 0.1(14) Lanthanum Boride: 22 0 o
4
1 Subfile | Elements Filter | Misc. | Residual Peak List
a Run Close
8

If the specimen is strictly single-phase LaBg, those “Unknown” peaks should be treated as
residual artifacts from background/low-angle scatter, sample displacement/zero-shift, or
imperfect Ka, stripping/profile fitting not as real phases. A true impurity would typically
generate multiple consistent lines; the next action is to refine background/zero shift and re-

check the residual list rather than adding a second phase.
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Quality Mark (QM) in PDF-2 is ICDD'’s reliability label for each database entry and indicates
how trustworthy that reference card is for phase identification and interpretation. For practical

analysis, prioritize % / R/ | entries first, and treat B/ O / C / H/ P entries with caution by
checking editorial comments or filtering them out when necessary. [rigaku.com] [rigaku.com],

[resources.rigaku.com]

Once the analysis is complete, the report will be prepared.
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Report of the sample Lanthanum Boride (LaBy)

General information
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Analysis date | 2026-02-22 13:24:16 Measurement | 2010-04-28 07:31:00
start time
Analyst Administrator Operator
Sample name | LaB6-660a Comment Crystal Size (Ext)
Measured C:\Dr. Memo LaB6-660a
data name Butt\DemoData\Manuals\Po
wderXRD\Basic\LaB6_stand
ard.rasx
Measurement Conditions
X-Ray 45 kV, 40 mA Scan mode 0D(step)
generator
Incident None Scan 0.50s
primary speed/Durati
ontime
Goniometer Ultima IV (Protectus) Step width 0.01°
Attachment None Scan axis 6/26
Filter 10 mm Scanrange 20~125°
Selectionslit | None Incident slit 1deg.
box
Diffracted Fixed Monochromator(U4) Length- None
beam mono limiting slit
Detector Scintillation counter Receiving slit | 1deg.
box #1
Optics None Receiving slit | 0.15 mm
attribute box #2

Measured profile view
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Phase name | Chemical FOM Phase reg. detail Space DB Card
formula Group Number

Lanthanum La B6 0.204 S/M:PDF-2 2026 221: 00-059-

Boride Pm-3m 0332




Phase Data View

—— LaB6_standard

Profile: Lanthanum Boride

5000
4000—
@ |
c
E
[=]
© 3000
2
0
c
a -
£
2000
1000
0 L L. L L A l
La B6
o
o o
o —
— — ~
— _ :
o - o O
O od - -
~ ol m I o ° o —~
™~ on N + 0 - o o 9«
o NS o 3] ~N T M
| R SRS
1N | lv 1 l I
I | I | I | I [ I |
20 40 60 80 100 120

20,°




Peak list

N | 26,° | d,A | FWH | Size, A Phase Chemical | Card Strain, %

0. M,° Name Formula No

1 | 21.32 | 4.162 | 0.070 | 1196(31) Lanthanum | La B6 00- -
60(11 | 9(2) | 6(18) Boride: 10 059-
) 0 0332

2 2157 | 4117 | 0.13( | 647(261) Unknown -
(2) (4) 5)

3 130.36 | 2.941 | 0.080 | 1070(27) Lanthanum | La B6 00- -
13(19 | 53(18 | (2) Boride: 11 059-
) ) 0 0332

4 | 37.42 | 2.400 | 0.076 | 1150(24) Lanthanum | La B6 00- -
55(18 | 94(11 | 2(16) Boride: 11 059-
) ) 1 0332

5 |41.62 | 2.168 | 0.050 | 1772(451) | Unknown -
04) | 17(18 | (13)

)

6 |43.49 | 2.079 | 0.070 | 1261(21) Lanthanum | La B6 00- -
1414 | 10(6) | 8(12) Boride: 20 059-
) 0 0332

7 |48.94 | 1.859 | 0.070 | 1292(18) Lanthanum | La B6 00- -
51(12 | 42(4) | 6(10) Boride: 2 1 059-
) 0 0332

8 |53.97 | 1.697 | 0.070 | 1320(26) Lanthanum | La B6 00- -
77(15 | 34(4) | 5(14) Boride: 2 1 059-
) 1 0332

9 |63.20 | 1.469 | 0.071 | 1361(32) Lanthanum | La B6 00- -
91(18 | 85(4) | 6(17) Boride: 2 2 059-
) 0 0332

10 | 67.53 | 1.385 | 0.072 | 1379(23) Lanthanum | La B6 00- -
73(13 | 79(2) | 4(12) Boride: 2 2 059-
) 1 0332

11 | 71.73 | 1.314 | 0.072 | 1407(25) Lanthanum | La B6 00- -
44(14 | 68(2) | 8(13) Boride: 3 1 059-
) 0 0332

12 | 75.46 | 1.258 | 0.051 | 2072(684) | Unknown -
3(7) | 70(10 | (17)

)

13 | 75.83 | 1.253 | 0.077 | 1360(30) Lanthanum | La B6 00- -
65(19 | 43(3) | 3(17) Boride: 3 1 059-
) 1 0332

14 | 79.85 | 1.200 | 0.076 | 1422(69) Lanthanum | La B6 00- -
9(4) | 10(5) | (4) Boride: 2 2 059-

2 0332

15 | 83.83 | 1.153 | 0.077 | 1448(39) Lanthanum | La B6 00- -

5(2) | 01(13) | (2) Boride: 32 059-
0 0332




16 | 87.78 | 1.111 | 0.080 | 1431(27) Lanthanum | La B6 00- -
65(17 | 007(1 | 4(15) Boride: 32 059-
) 7) 1 0332
17 | 95.66 | 1.039 | 0.078 | 1585(80) Lanthanum | La B6 00- -
4(4) | 26(3) | (4) Boride: 40 059-
0 0332
18 | 99.64 | 1.008 | 0.088 | 1452(28) Lanthanum | La B6 00- -
07(19 | 186(1 | 5(17) Boride: 4 1 059-
) 4) 0 0332
19 | 103.6 | 0.979 | 0.089 | 1516(41) Lanthanum | La B6 00- -
57(3) | 797(1 | (2) Boride: 33 059-
7) 0 0332
20 | 107.7 | 0.953 | 0.089 | 1577(74) Lanthanum | La B6 00- -
52(4) | 62(2) | (4) Boride: 33 059-
1 0332
21 [ 111.9 | 0.929 | 0.100 | 1477(46) Lanthanum | La B6 00- -
33(3) | 493(1 | (3) Boride: 4 2 059-
8) 0 0332
22 | 116.2 | 0.907 | 0.100 | 1568(34) Lanthanum | La B6 00- -
47(2) | 076(1 | (2) Boride: 4 2 059-
1) 1 0332
23 | 120.7 | 0.886 | 0.110 | 1524(43) Lanthanum | La B6 00- -
31(3) | 199(1 | (3) Boride: 33 059-
4) 2 0332
Lattice parameters
Phase a, A b, A c, A a,° B,° Y, °
name
Lanthanu | 4.15592 4.15592 4.15592 90.000 90.000 90.000
m Boride
d-I List
Lanthanum Boride
No. 20, ° d,A hkl Norm. I.
1 21.36250 4.15592 100 55.80
2 30.39148 2.93868 110 100.00
3 37.45009 2.39942 111 45.00
4 43.51636 2.07796 200 24.10
5 48.96863 1.85859 210 54.40
6 54.00132 1.69665 211 29.00
7 63.23351 1.46934 220 11.90
8 67.56408 1.38531 300 0.00
9 67.56408 1.38531 221 34.80
10 71.76324 1.31422 310 24.80
11 75.86315 1.25306 311 15.90




12 79.89031 1.19971 222 2.60
13 83.86752 1.15265 320 9.70
14 87.81524 1.11072 321 20.00
15 95.69823 1.03898 400 3.40
16 99.67124 1.00796 410 15.20
17 99.67124 1.00796 322 0.00
18 103.69186 0.97956 411 0.00
19 103.69186 0.97956 330 12.20
20 107.78258 0.95343 331 4.60
21 111.96940 0.92929 420 6.40
22 116.28375 0.90690 421 12.50
23 120.76529 0.88605 332 5.80
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General information

Analysis date | 2026-01-29 17:23:08 Measurement | 2025-12-16 09:51:29
starttime
Analyst Administrator Operator Administrator
Sample name Comment
Measured C:\Dr. Butt\2 SFO with B- Memo
data name filter.rasx
Measurement Conditions
X-Ray 40 kV, 45 mA Scan mode 1D(scan)
generator
Incident Standard Scan 4.00°/min
primary speed/Durati
ontime
Goniometer Standard Goniometer Step width 0.02°
Attachment Standard attachment head Scan axis 0/26
Filter KB filter 1D for Cu Scanrange 20~80°
Selection slit | BB Incident slit 1deg
box
Diffracted None Length- 10 mm
beam mono limiting slit
Detector D/teX Ultra 250 Receiving slit | 1.000mm
box #1
Optics BB Receiving slit | 1.125mm
attribute box #2
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Qualitative Analysis Results

Phase name | Chemical FOM Phase reg. detail Space DB Card

formula Group Number
Strontium Sr0.75 Gd0.25 0.160 S/M:PDF-2 2026 221: 00-059-
Gadolinium Fe 02.94 Pm-3m 0660
Iron Oxide

Phase Data View

i 2 SFO with B-filter
2000
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S ]
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a | |, FL ﬁ
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o o - 5r0.75 GA0.25 Fe 02.94
o - - 2 ~ ~ 2
— I — | I | T = n 1T
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Peak list
N |28,° |d,A | FWH | Size, A | Phase Name Chemical Card No
0. M,° Formula
1 23.04 | 3.857 | 0.22( | 384(90) | Strontium Sr0.75 00-059-0660
(7) (11) 5) Gadolinium Iron Gd0.25 Fe
Oxide: 100 02.94
2 | 32.83 | 2.725 | 0.148 | 583(11) | Strontium Sr0.75 00-059-0660
1(3) 8(2) (3) Gadolinium Iron Gd0.25 Fe
Oxide: 110 02.94
3 |40.50 | 2.225 | 0.160 | 553(27) | Strontium Sr0.75 00-059-0660
6(3) 21(15 | (8) Gadolinium Iron Gd0.25 Fe
) Oxide: 111 02.94
4 | 47.03 | 1.930 | 0.249 | 364(10) | Strontium Sr0.75 00-059-0660
1(10) | 6(4) (7) Gadolinium Iron Gd0.25Fe
Oxide:200 02.94
5 | 58.52 | 1.575 | 0.283 | 336(10) | Strontium Sr0.75 00-059-0660
6(11) | 8(3) (8) Gadolinium Iron Gd0.25Fe
Oxide: 211 02.94
6 |68.73 | 1.364 | 0.306 | 328(20) | Strontium Sr0.75 00-059-0660
1(18) | 6(3) (19) Gadolinium Iron Gd0.25 Fe
Oxide:220 02.94
7 | 78.18 | 1.221 | 0.44( | 240(14) | Strontium Sr0.75 00-059-0660
(4) 7(5) 3) Gadolinium Iron Gd0.25 Fe
Oxide:310 02.94




Lattice parameters

Phase a, A b, A c, A a,°© B,° Y, °
name
Strontium | 3.85758 3.85758 3.85758 90.000 90.000 90.000
Gadoliniu
m lron
Oxide
d-I List
Strontium Gadolinium Iron Oxide
No. 26, ° d,A hkl Norm. I.
1 23.03697 3.85758 100 4.50
2 32.80651 2.72772 110 100.00
3 40.46897 2.22717 111 16.20
4 47.07738 1.92879 200 36.90
5 53.03962 1.72516 210 2.10
6 58.56606 1.57485 211 41.90
7 68.77569 1.36386 220 21.60
8 73.60411 1.28586 300 0.00
9 73.60411 1.28586 221 1.10
10 78.31534 1.21987 310 17.80

Candidate selection rules of thumb

1.

Start with the phase that explains the strongest peaks

The first candidate should account for the highest-intensity measured peaks (not just
many weak ones).

Require “multi-peak proof”

Avalid candidate should match several reflections across the scan range, not 1-2
coincidences.

Reject phases that predict “missing strong peaks”

If the reference pattern has strong lines that are clearly absent in the measured pattern
(and not masked), do not select it.

Use peak positions as the primary filter

For qualitative ID, 206/d agreement matters more than intensity. Intensity can change
due to texture, absorption, and microstructure.

Check for systematic 20 shift vs random mismatch

If most peaks match but are shifted together, that may indicate zero shift/
displacement or lattice parameter difference (solid solution).

If mismatches are random, it’s likely the wrong phase.

Prefer candidates that reduce the “unassigned peaks”



10.

11.

12.

13.

14.

15.

Add a candidate only if it explains peaks that remain unexplained after previous
candidates.

Avoid overfitting weak/noisy features

Don’t add a new candidate just to explain one tiny peak near the noise floor unless it is
chemically expected and repeatable.

Give priority to chemically/plausibly reachable phases

Prefer phases consistent with sample chemistry, synthesis route, processing
temperature, atmosphere, and known impurities.

Be careful if the background is high or noisy

A high background (often from fluorescence, poor counting, or sample issues) can hide
real peaks and create false peak picks. In such cases, rely more on clear peak positions
and re-check with better preprocessing or a different source/filter if needed.

Use “phase family” logic

When multiple results are closely related (polymorphs/solid solutions), pick the one
that best matches peak positions and eliminates conflicts, then treat others as
alternates.

Check low-angle region and high-angle region

A good candidate typically matches at both low and high 28; matching only one region is
awarning sign.

Don’t reject a phase only because intensities look different

If peak positions match well but the relative intensities don’t, the phase may still be
correct because preferred orientation (texture), absorption, or microstructure can
change intensities. Keep it as a candidate and note texture as a likely reason.

Avoid selecting two candidates that represent the same phase

Many database hits can be very similar (same phase with different cards or closely
related variants) and will explain the same peaks. Choose the one that fits best and only
keep multiple similar candidates if there is clear evidence that two nearly identical
phases are truly present.

Stop adding candidates when conflicts increase

Candidate building should reduce residual unexplained peaks without creating new
missing-peak conflicts. If adding a phase increases contradictions, remove it.

Final sanity check
After candidate selection, confirm:
o No major measured peaks are left unexplained
o No candidate has strong predicted peaks missing

o The setis chemically reasonable and minimal (as few phases as needed)



