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Basicsof XRDAnalysis 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 systematiabsences), 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 isinherently purpose dependent: a scan optimized to detect weak phases

prioritizes intensity and counting statistics, whereas a scan intendedo separate closely spaced

reflections or refine lattice parameters prioritizes angular resolution and pealposition accuracy.

In the SmartLab SE, this gtimization is achieved by choosing the appropriate optical
configuration and scan conditionst 2 6 W¢t+ WI R2 131 NWPWURPDWe UT Wl WHWIR2RUNI
GYUYHGS!I YOGecqRYUAW qUGLWt RA IJAhlAnYamtbimng Cofréttopiydmas We UT LW =
and a low, stable background to maximize signalo-noise. When these parameters are matched

to the analytical goal, the dataset contains sharp, correctly positioned peaks with reliable

intensities, enabling robust identfication and quantification; therefore, a tailored, optimized

P ACUWRY Wneéel WaYl dW2ctecHIWWq6e UWe wWNIUWI RAEWMa! GRH
to ensure the data are clean, complete, and reproducible before impoiihto SmartLab Studio Il

Generation of )Rays

X-rays are generated in an Xay tube when a heated filament emits electrons (thermionic
emission) and a high voltage accelerates them toward a metal target (anodé)hen these fast
electrons strike the target, their kinetic energy is converted into -¥ays (and heat).
Bremsstrahlung (braking) Xrays are produced when electrons are rapidly decelerated or
deflected by the electric field of target nuclei, creating a continuous spectrum of Xay energies.
Characteristic X-rays are produced when an incoming eletton ejects an innershell electron of
the target atom, leaving a vacancyAn outer-shell electron then drops into the vacancy and emits
an Xray photon with a discrete energy specific to the target material.

Filament  High vacuum Target

Thermoelectrons
(accelerated)

High voltage

= I'|'|'I
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Cu is the generalpurpose 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/Niich 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
verysmallddt G¢ HRUNDY Wheat qWANWGNEY 2| &2 ¢IR Rayld RIGALH S LR WD 16 H
smalld+ G¢ HRUNDAWT7 1 ¢ NNkt WG¢cs W Dhue RI I We Wt 6 Y1 qldl Ws ¢ 2L
Thus, smallerwavelength targets are used to keep diffraction angles measurable and avoid

Y213l 0¢ GLUc q Bégadkets diddeRsizénimhaiiin@utinevork butcan be chosen for specific

material constraints or lab standards where an intermediate wavelength gives cleaner data.
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at higher angles than planes with larger-@pacing.

Tar Atomic |K-r xcitation[ _, . l . , . ,

o] e [y gy [y 6 |ar
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
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Cu anode X-ray emission spectrum (schematic)
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Cu anode X-ray emission spectrum (schematic, energy axis)

Continuous (Bremsstrahlung)
—— Total spectrum (schematic)
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PowderXRD Method

Laue discovered that the scattering of xays (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 Xray 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 e scan. Constructive interference (diffraction) occurs when the
optical path difference between Xrays scattered by parallel lattice planes with spacingds an
integer multiple of the Xray wavelength IOWIN 6 Rt WRt W+ Gl 13+ + 3T WA! W71 ¢ NNKt
COOE+F & _
Peaks appear at angles where this condition is met, allowing determination of interplanar
spacings Qand 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

GUct WGYt RORYUt WwicUT Wq6WRI WY2JI ¢GdWT Rt ganRAz2 qRY U
spacings, while the background shape carries information about noitrystalline contributions

and instrument/sample scattering. Sharp, weltdefined 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 teeference patterns, the pattern quickly reveals

whether the sample is singlephase, 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 bynicrostrain, dislocations, and
defects. Narrow peaks generally indicate larger crystallites and better lorgange order, while
broad peaks suggest nanocrystallinity or significant strain. With appropriate corrections for
instrumental broadening, peakwidth methods (e.g., Scherrer and straisbased 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 (fure) 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 crystdinity or more amorphous content

4) Diffraction peak positions

AJct WGYt RORYUt W= b Wel DWaq6WWaYt qWnea Ul ¢alU0qe a W
determine d4 G¢ HRUNt Wad6 !l YeNSW71 ¢NNkt Wacecs AWe UT W63l UInYl
Reliable peak positions enable phase identification, indexing, and detectiorof structural
H6cUNWt oW E!'t qUGcqRAW + 6Rnat W Ynll GUett W qYW 6RNG I
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.

1. Diffraction Pattern ‘ 2. Diffraction Peak Width
(Phase ID & Amorphous) (Size & Strain)
Crystalline Amorphous
(Sharp Peaks) (Broad Hump)

. FWHM
%, (Full Width
‘\Half Max)

.. Typical XRD Diffractogram
e W \:'"!tm_s._t_y vs.20) /

Matches reference db. No sharp peaks. : 4 Broadening = Small Crystallites /
Presence confirmed. Indicates non-crystalline.| 2 / Lattice Strain / Defects

Sharper = Better Quality

lnlen‘sity (a.u)

3. Intensity Ratio 4. Diffraction Peak Positions
(Quantification & Texture) 1 / (Lattice Parameters & Shifts)
" Peak A Reference! Observed

N

| -
/ Diffraction Angle (20 degrees)

‘_W—J
Peak Area vs. Background Area

Relative intensities for phase fractions. Determines d-spacings.
Preferred orientation distorts ratios. Shift = Solid-solution change / Residual siress
Evaluates degree of crystallinity. | Splitting = Structural distortion.




Crystal systems and the Bravais lattices

Crystal systems classify crystals based on the shape of the unit cell, defined by the edge lengths
cfofvand the angles| fi i . According to these relationships, crystals are grouped into seven
crystal systems. Bravais Lattice describes the distinct 3D 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 structurs.

Qualitative Analysis in XRD

Qualitative XRD analysis in SmartLab Studio Il identifies the crystalline phases present by

RGGY!I qRUNDWq6 WWaK¢ct 21 YT Wt #ecU0AW21I1 Rn! RUNDWZE WHY2 11 ¢
positions and relative intensities, and then performing a searctmatch against crystallographic

databases. The output is 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 pe& evaluation and database matchingdoes not

determine how much of each phase is present; a separate quantitative method is required for

that.

PDF2

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

With the PDF2 database integrated into SmartLab Studio IlI, one can perform standard

gualitative phase identification of crystalline materials using powder XRD data. PDF provides

d-spacings, relative intensities, chemical formulas, crystal systems, and bsic 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 seconday or impurity phases, and routine phase

screening in polycrystalline samples. PDR2 is therefore weltsuited for first-level material

H6cl ¢cHqUI RA¢CqRYUAWs 6101 DWq6 DWYHTWHqR2 JWRY WqVY Wwe Ut s

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

PDF2 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, PDF4+ supports advanced qualitative and
guantitative analysis with highquality crystallographic data, while PDF5 extends capability to
complex and nanostructured materials. Both databasesare required for structure-sensitive and
guantitative XRD analysis.

Qualitative Phase Identification Workflow (PDF

Load Measurement Data (Powder XRD Plugin)

Peak Evaluation
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Phase Identification (Search/Match: PDR2)
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Run theSmartLab Studio

Torun the SmartLab Studio Il double click on the icon

__
|

smartlab
Studio ll

o
%5

s SmartLab Studio Il 64 v4.6.426.0 >>logged in as Administrator fram Administrators group ?o- 5 X
Home | View Tree N
=1 =l E: S, Reset Tree and View Layout
e b [ Reset Node Frames Layout
Show | Show  ShowTree
Nav. Bar [FlowBar||. View
Settings Resetting Frame Layout Switch Remote Access
XRR HRXRD [ Dota Manager Logging User Manager DB Manager Materials Manager -
g TRX Unsaved
£
§ siorage: ® Fie system () Database  Sharing in DE level:  Shared v
§ Tk Basic ™
% Working node: | New Project ~] | Description
2  Dataset Simulation v
Evaluation
Load data
Load template
- | o8
 Peak evaluation Comments
) Phase identification
RIR Quantification
Angle, Standal
Data Reduction
llite Size Distril

To see theAvailable Plugins Click FileA Options A Common A PluginCatelog

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 data2z Rt 2 ¢c G RA¢ qRYUb lOWTf UWq6 JWAG2NRUt W9cqeclyYNS
indicate that the corresponding module is installed or available in the system but is not currently

licensed for use.



©

New Solution
Open Solution
Save Solution

Save Solution As

Recent

Optians

Manual

Exit

Licenses

SmartLab Studio Il ¥64 v4.6.426.0 >>logged in as Administrator from Administrators group - & x

Common | Plugine Catalog ?
——

] Use user specific plugins catalog 1f this aption is checked, specified below plugins and services will be lasded with next apglication startup for this user.

Powder XRD Plugins: Services:
Contains Powder XRD
specific optians

Apply

ers only! Checked items in the it will be used for loading with next application startup. See user manual for plugins and services descriptions and loaded plugins and sendces influence on appiication

To see theAvailable Licenses Click FileA Options A Powder XRDA License

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 PDR2. Functions that are not licensed are displayed @greyed out and cannot
be used unless the corresponding option or plugin is added to the active license.

©

New Solution
Open Solution
Save Solution

Save Solution As

Recent

Options

Manual

SmartLab Studio Il x64 v4.6.426.0 >=logged in as Administrator from Administrators group

Common General = Color Settings | External Application Settings | License
Contains commaon

application options . . .
Valid option licenses
p—

Powder XRD Check license
Contains Powder XRD
specific options

v Search/Match

v Quantitative analysis

Apply

v Rietveld analysis

Click back arrow to move back to Powder XRD



Smartlab Studio Il x64 v4.6.426.0 =>logged in ¢

Common General = Color Settings = External Application Settings | License
New Solution Contains common
application options . . .

Valid option licenses

Powder XRD Check license
Contains Powder XRD

specific options

Open Solution

Save Solution
v Search/Match

Save Solution As
v Quantitative analysis

Apply
Recent

v Rietveld analysis
Options

Click viewA press show flow bar if flow bar is hidden

SmartLab Studio || x64 v46.4260 > logged in as Administrator from Administrators group - 8 X
ew  Tree

3, Reset Tree and View Layout

[ Reset Node Frames Layout

g Resetting Frame Layout Switch Remate Access
XRR ‘&HRXKD PuwdelXRD B3l Data Manager * | Logging * | UserManager > | DB Manager * | Materials Manager -

g TEX pan Unsaved
8 Storage: @ File system () Database ~ Sharing in DB level: | Shared v
g Tk Basic m
E Working node: | New Project || | Description:
£ oataset Simulation ~

Evaluation

Load data

Load template

- | o8
@ Pealk evaluation Comments:

) Phase identification
RIR Quantification
Angle/Width Standard
Data Reduction

Crystallite Size Distribution

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 other two
modes will be covered later.



XRR HRXRD Powder XRD X [ElRT]

XRR HRXRD Powder XRD X [EIERY)
XRR HRXRD Powder XRD X [eETERY
w bar 7 o X
Flow bar 7 03X F|C W Da ?
Flow bar 7 A x
. . Storage: @ File system Database
St 3 @ Fil 1 Datab
Storage: @ File system Database orage e system atabase Task
Task: i vei v ask [ Quantitative analysis VI
Task: [ Rasic [ Rietveld analysis ] -
Working node: | New Project ~ Working node: | New Quantification v

Working node: | New Project
Dataset: e

Dataset: Simulation = Dataset: Simulation v
Evaluation Evaluation and WPPF Quantification using Standard
Load data Load data Load quantification standard
@ Peak evaluation Load data
Load template
DB Delete
) Phase identification © Evaluation
 Peak evaluation
v
® Phase identification WPPF for Multiple Data
RIR Quantification WPPF Analysis with CC
Angle/Width Standard WPPF Calibration Curve
Data Reduction WPPF Angle/Width Standard Standard Addition
Crystallite Size Distribution WPPF Crystallite Size Distribution Quantification Standard

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 wholpattern 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., £IF file or structural
data from PDF4/PDF5 containing atomic coordinates and space group information). The
software iteratively refines phase fractions, lattice parameters, peak profile shape and width,
background, preferred orientation, and microstrucural 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 cosidered the standard approach for robust powder diffraction analysis
when full structural information is available.

3) Quantitative analysis

AzcUqRagecqR2IWc¢U¢ca!t Rt WRUWEGCE! qx ¢ HWEaqeael RYWT f WIRY
EqcUTlT ¢l T wlWllsYI tnaYsWaqYWUt qgRAcqUIWGE¢ct JWeaGYaeUqt Ws
refinement. This approach typically applies methods such as RIR (Reference Intgty 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
guantification standard, evaluating selected diffraction peaks, and confirming results through
intensity normalization. It is suitable for rapid and practical phase quaritication 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:\qq DemoData\Basic Output file format
File Name Type Size Date Modffied |Hﬁ5 (ras) bt
[ Dat001-1 rase RASX File 3IKE  05/08/2024 10:35 am RASX {rasc
D Dat001-2 rasx RASX File J3KB 05/08/2024 10:35 am RINT Binary {raw)
A Mix2 rasx RASX File 17KB  05/08/2024 10:35 am RINT ASCII (asc) ‘ducation Commission’ |
[ 1Pow001_mix3 ras RASX File 13KB 05/08/2024 10:35 am Data {dat)
Image {img)
General Text (bd)
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Important Note on .img

This is not a standard image file (e.g., JPEG or PNG); it is raw 2D diffraction data from the
HyPix3000 detector. Screenshots or photographs cannot be used for analysis in
SmartLab Studio II.

PeakEvaluation

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 pea® Y+ RqRY Ut Wbl =
intensities, widths (FWHM), and background. However, automatic routines can miss very weak
reflections, merge overlapped peaks, or mistakenly pick noise/artifacts as peakespecially

when the background is high or the datar@ 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 pgk 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.
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First, load the measurement data. As the data ibeing 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.
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You canZoom in by leftclicking and dragging to draw a selection baxTo view the other part of
the chart, right-clicking and dragthe chart.
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Adding Editing and Deleting Pesak

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 theneasured profile. In
such cases, you should manually refine the peak list to eliminate discrepanciebetween the



measured and calculated data.f nW¢ U! WGWect + Wel DWIRY+ RUNAWq6 1! WHe U
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 bemodified using Edit Pealand clicking the target peakThe left and right red markers
adjust the peak width and shape, while the middle red marker changes the peak heigfihe green
line is used to adjust the position of the peak along the graptBy carefully adjusting these
markers, by moving these markers carefully, the peak can be fitted more accurately to the

measured data.
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Deleting Peaks

If noise is mistakenlydetected as a peak, remove it using Delete Peak. Automatic peak evaluation

can sometimes identify noise as real peaks, so sucipeaks must be deletedmanually to
maintain accuracy.
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After deletingany incorrect peaks, refine the calculated data to ensure proper fitting, following
the same procedure used when adding a peak.
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10 40.0165435... 2.25130333.. 34.2(13) 1.23935865... 67.3036778382... 1.96537644863... 3.93859987.. 1.16856524031.. 0.1154:

Simulate Rwp= 2759.88% S= 578.3288

Backgroundediting

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

nidea VYl Wt AUURUWLYnqllULW RN UbRanin Bainpley Ldiff¥sé deteritigufromls R q 6 L[
disorder, peak tails, and sometimes broad features from amorphous material or very small
crystallites; in SmartLab Studio Il, 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 par of peaks and lead to inaccurate peak heights, areas, and



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

When Edit Background is selectedred markers appear on the graphThese 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 @leted by Ctrl + clicking on the marker itselfThese

red markers act as nodes used to calculate the background intensityAdjust or add/delete nodes

as needed until the background line closey matches the measured pattern. Once the
background shape is satisfactory, click Refine undeProfile Fittingto apply the changes.If you

want to preserve the manually adjusted background without automatic modifications, make sure
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A correctly fitted background helps achieve:

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

More reliable FWHM/peakshape parameters (less bias from baseline errors)

More reliable qualitative phase identification (especially for weak/minor phases)

More stable quantitative analysis (Rietveld/profile fitting) with fewer systematic residual
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SmartlLab Studio Il x64 v4.6.426.0 >>logged in as Administrator from Administrators group
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optimize the background after your manual adjustments.
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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 1925° and 55Y M~ W= We U7 WAYUNRI 0 Waq 6 JWHE
follows the true inter-peak minima; adjust/add background points oty in peakfree valleys and

never on peak tails to avoid ovesubtraction.

Peak Evaluation: Pe&earch 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 touse: 9 0 RHt WAz UWc naqll WHé6¢UNRUNWeU! WWI2¢tdecqRYU
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 ifPeak searchis enabled, and it can update fitted peak
parameters/background if Profile fittingis enabled so avoid running it with Peak search checked
when manual peak edits must be preserved.
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Create report
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Powder XRD | 3:27 M | |

Apply data reduction
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stripping). For qualitative ID, use it to reduce noise and make peak positions clearer, but avoid
over-smoothing that can distort weak peaks.

AT ev#qRYUWRYUT RqRYUY W92t qYGRAUB b

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.

u, AFWUEGRAORUECqRYUWLI Ot W2t OW 2 YRIT b

u, FWPNGRGRUCqRYUWRY Wt 2ROQCHIGWWNY!I WGWEt WGRAT RUNWE C
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profile/microstructure work, since stripping is a subtraction procedure that can distort profiles,

change relative intensities, and amplify noisebiasing FWHM/asymmetry/integratedintensity
| It etqt We UGt + Wa61Jady.Yl ¢t nd Ys WRY W ql RAEqG! Wu, H

Because crystallite size calculations depend directly on FWHM, any FWHM change introduced
A! Wu, RPWHWGRAGRUCEqRYULW s R st Hizet Gralysie Ihustu$dlabd dor@isténty 1JT Wt R
(stripped or unstripped) workflow throughout.
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Peak Profile View 72 Peak Evaluation
50008 | Run |
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No. 28,° Size, A
22 95.6692(14) | 1731(123)
23 99.643(3) 1508(42)
24 103.657(3) 1597(60)
25 107.760(4) 1672(106)
26 111.933(4) 1524(68)
27 116.249(3)  1636(51)
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Peak search

|
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Crystal Structure View

110
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Phase name: | Unknown ,-f

o cut: 3

|:| Find amarphous peak

|:| Peak integration

FWHM, © d A Phase Name Decay(nH/mH) Height, ¢ D Use measured background if available
0.071(5) 1.039220(12) | Unknown 1.03(11) 364(44) Number of end points: :|
0.085(2) 1.008171(19) | Unknown 0.81(8) 1507(94) Peak position definition: | Peak top
0.084(3) 0.87979(2) Unknown 0.77(9) 1162(84)
0.084(5) 0.95357(2) Unknown 1.26(19) 505(53) Recalculate
0.097(4) 0.82949(2) Unknown 0.73(11) 626(59)
0.096(3) 0.807069(14) | Unknown 0.82(8) 1410(93) Profile fitting
0.104(4) 0.886214(18)  Unknown 0.87(10) 668(61)

Peak shape: Split pseudo-Voigt

[secaston [

Automatically detects peaks and populates the peak list used for phase matchindror
gualitative ID, this is the main tool to generate the initial peak list before manual cleanup

(add/remove/edit).




v/| Background subtraction -
Method: Fitting method v
V| Ko elimination -

Ka12 ratio: | 0.4970

D Remove KE and filter edge

‘Aoothing -
v*| Peak search

Method: B-spline smoothing bt

Method: Second derivativesfiethod |v|
] ¢ threshold: | 1.5
o cut; 3 x =0
Find amorphous peak 1 Reset to Defaults |~ Close
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Controls optional preprocessing appliedspecifically 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

¢cUT Wl WeHGIt We WRGVE! WhqY Gwllqg 6 ¢ 5 LIRS ethodUsa 6 1J W 13
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 overlaping 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

GUc¢t WRY IOWf qWa ¢! t+ WEWGUEt Ws 1 -DRGBBIIEE | 2 WA LIS by Ltk
small or hidden peaks that do not have a clear toprhis 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 worksbest when appropriate preprocessing/smoothing and

realistic thresholds are applied; otherwise it can produce false peak picks in noisy data.
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_ -cut (sigma cut) is a peakdetection threshold that tells the software how far a sighal must rise

CHY2 VDWW WaYrHcGWHeHT NI Y2 Ul o UYRY DWW VY WA WE HAWGqIT L
deviation of the noise (estimated from background regions), and the software typically accepts

apeak only if its height is greater thagd ¢ H#t N1 Yea U1 W€ LWaLat lieRoERICRILL YUHUO LG 13 ¢
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
mécliYwWRUWeUWAA?2 WGE qqll UWgéc¢c qUWUBYG It Wnl YGWeaYIl G6
phases, polymers, disordered oxides), rather than sharp Bragg peaksom crystals. When

enabled, the program looks for a wide humgshaped maximum (often spanning several degrees

RUW=E b We U7 WUt qRGC qUt WRat WGYY RgRYUAWs RT q6 AWe U1 WR
component and supports semiquantitative 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 ithe 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 boundariefor qualitative
ID it isoptional 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 W

B o 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 imoisy 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)

ADct WGYt RGRYUWT UnRURqRYUWT Wl G RUWVY WEYsWEGCE! aqx
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 (®in more stable than

peak top when the peak is slightly asymmetric). Center of gravity uses an intensityeighted

centroid across the peak region (helpful for broad or asymmetric peaks and partially overlapped
features, but more sensitive to correct backgound 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 redt the new integration
rules.

Profile fitting

Profile fitting models each diffraction peak using a mathematical pealshape 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, t@nsity/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 in fitting; pseudé/oigt is widely used because real XRD peaks are
mixed Gaussian/Lorentzian.Select Split pseudoVoigt, Split Pearson VII, CALSA, FARethod,
Symmetric pseudo-Voigt, or Symmetric PearsorVIl as the peak profile function used for profile
fitting.

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

selection guide
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Background type (B-spline)

Defines how the background is modeled during fitting; Bplines 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: Bspline/Polynomial/lnverse polynomial/Line
connecting endpoints.

[ RgqRUNDWHYUT RGRYUWBIET RaqWAe!l ¢ gl t Bb
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limits/constraints during the fit (e.g., which peak parameters are fixed or free, ranges, tolerances,
and any constraints). Use it to prevent unstable fittingespecially 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 Refirteackground box is

cleared, only peak profiles will be refinedut 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, reeiw the fit quality
numbers (Rwp, S) and visually check that the model follows peak shapes and valleys realistically.

Rwp, S

Rwp (weighted profile Rfactor) and S (goodnessof-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 guidg% excellent, §10% good,
10115% acceptable, >1520% poor), while S compares the remaining misfit to the expected
b q¢c qRt qRAEC O W EY5Rgodd L& RS falr¢ B Lbdgrl N<e ihése numbers mainly as a
sanity check for phase ID and peak evaluationcorrect peak positions and realistic peak
shapes/background matter more than chasing perfect Rwp/S values.

Automatic Phase Identification by Search/Match

Automatic Phase Identification (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 i or other databases, then
returns a ranked list of candidate phases. The function is best applied aftehe peak list has been
cleaned (real peaks retained and artifacts/false picks removed), because the reliability of the
suggested matches depends strongly on th 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 A perform peak evaluationA Click Phaseidentification A 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 mya 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, eference cards are compared and added ass and the
matching uses the pattern without this extra optimization, which can preserve subtle real
features but may increase false/lessstable candidates if the data are noisy or the baseline is
imperfect.

Ticked = cleaned measured pattern + bettealigned reference card for more reliable
Search/Match.

Unticked = more direct/raw comparison.

Replace data

Peak Profile View  Phase Data Vie

Load template

@ Peak evaluation

) Phase identification

Subfile

When using the ICDD PDR 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 toff 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 tostart 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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Inorganic Organic
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Close

Run Close

Elements filter

The Elements filter is used to restrict Search/Match to only those PBEentries whose chemical
composition is consistent with the sample. By excluding impossible phases and prioritizing
chemically realistic ones, it significantly improves the ranking andeliability of the candidate list
especially when peak overlap or high background makes patteranly matching uncertain.Each
element can be assigned one of four states (colors), which act as chemical rules during the
search:
1 GreyTUnknown: No condition is applied; the element is ignored in filtering.
1 RedT Not Included : Candidate phases must not contain this element (useful to
eliminate obvious false matches).
1 Blue TIncluded: Candidate phases must contain this element (use when an element is
confirmed to be present and diagnostic).
1 GreenTlInclude 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).

9YUT RqRYUt WHe¢ UWAD W VaqWic¢Uecdd! WAH! WRIRH RUNWe UWIJG
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confidently present (e.g., from synthesis recipe or XRF/EDS), begse forcing an element can
unintentionally remove the correct phase if the element is only present in trace form or in an
amorphous component. /b] | WU W f UGl WWEqWaWdet quwWYUWUs IR We t
different phases with different compositions, so it is risky to force one single element to be
presentineveryd ¢ UT RT ¢ qUIOWE ¢ 0 G Wa WRNWe W R+FUJT W ¢ G GUUWHY 2
iron oxide (Fe), marking Ti, Al, Fe as green tells the softwageA I3 a2 | UGG ¢t 13t 10q 6 ¢ q OR Y
Y U IJOY n 10q 6 13t TiHigKéepsIall kbalisfic ghase families in the search, but still filters out

unrelated phases that contain none of those key elementg 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., Cffree processing, no heavy metals), use Blue for



confirmed major elements, and use Green when multiple phase families are expected. The filter
HcUWecdt YWANDWGYGe e qWl WInnRARWDUqO! Wet RUNDWx YeT WaAJ
automatically assign element states based on measured compositionproviding a strong starting

point that can then be finetuned for qualitative phase identification. The green setting is
recommended when analysing complex mixtures, where different phases may contain different

sets of elements.

Search/Match J “ Search/Match ? “

Settings list Settings list
v Register Delete Load XRF Data... v '\:;‘ Registe! Delete Load XRF Data..
Unknown Not Included Included Include One At Least Unknown Not Included Included m
1 1 1 !
Hi 1 LifLffe|L]d(He Hj 1 L1 |[L]L]1L]|He
i e B c|nofF]ne Li | Be 8] cl v olfEne
NajMg| ¢ [ 4|2 |e|a|affs]efe|s|m|si|P|s|c]|ar NajMg|| t [ e [ttt ujL|AlSi|P|S|cl|Ar
—||K|Ca Sc| Ti||V ||Cr Mn Fe|Co(Ni Cu|[Zn| Ga Ge|As Se | Br | Kr — || K| Ca|j8e|| Ti| V ||Cr|Mn Fe|Co| Ni Cu|Zn|Ga Ge||As Se| Br | Kr
— |[Rb| Sr Y | Zr|Nb|Mo| Tc Ru||Rh|Pd Ag|/Cd In Sn|Sb Te | | |Xe — ||Rb| Sr | ¥ ||Zr|NbMo| Tc Ru|Rh| Pd Ag|Cd| In Sn||Sb Te| I | Xe
- |[cs| Ba Hf Ta| W |Re Os|Ir| Pt Au|Hg| TI |Pb| Bi Po |At|Rn - |[Cs| Ba Hf| Ta||W |Re |Os| Ir | Pt Au|Hg| TI |[Pb| Bi Po| At|Rn
— || Fr|Ra — || Fr| Ra

1

La' Ce Pr Nd Pm |Sm Eu Gd Tb Dy Ho | Er Tm|Yb Lu
Ac| Th |Pa|| U Np| Pu|Am Cm| Bk| Cf | Es | Fm Md|No| Lr

— | La| Ce||Pr|Nd Pm|Sm| Eu Gd|Tb Dy Ho| Er Tm Yb| Lu
— | Ac| Th||Pa| U |Np|(Pu|Am Cm| Bk Cf |Es |Fm Md|No| Lr

1

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

Run Close Run Close

It is also possible to select search conditions collectively in this way



Search/Match ? n'_ Search/Match ? n
Settings list - Settings list
[¥] [&]| register || Delete [ Load XRF Data- \ V[ & || Register | Detete | Load XRF Data..
unknown | Notincluded [  incuded _ [nclude OneAtkeast Unknown | [.Notinduded..o| Included | ineludeOnedtleast
[~ 4] [
i oo = e o i e
| g 8 fc| /o [F e [u Be N T e A
S e e e o R NaMg [ o [ [ lfe s fulfe T lfa[a [sif p] s]afar
= [k ca so| W v crMn e |co| Ni culzn Ga Ge As se|Br| ke ~|k|ca se|Ti v cr|mMn Fe|co| Ni culzn Ga Ge|As Se|Br|Kr
HEEEEHEEHEEEEHEEHEE ~ [Rel'sr v |zr|Nb Mo Tc Ru|Rn|Pd Ag|cdl in sn[sb Tl 1 [xe
~cs|Ba Hf Ta W Re Os Ir| Pt AulHg TI Pb Bi Po At|Rn ~[csl/Ba [Hf Ta [w[Re 0s|ir [Pt ‘AullHg| Ti [Pb| i Po At|Rn
=l NEE
= Lal (ce [Pr| Nd Pm Sm| £u| 6d| To| Dy ol Er Tm Yb| lu [=/ta ce|lPr Na| Pmsm | Eu G Tb| Dy Hol|&r Tm|vb|Lu
= [lac m [Ps | U Np Pu Am cm|Bk Cf [Es [Fm Md No Lt [=|ac ! pa| U Np [Pulam cm k] ct [€s|[Fm Mo 1s
d
‘ Subfile ‘ Elements Filter ‘ Misc. | Residual Peak List ‘ b ‘ Subfile | Elements Filter ‘ Misc. ‘ Residual Peak List ‘
Run Close Run I@
s e
Search/Match : IEN Search/Match + IEN]
Settings list Settings list
V][] register | Delete || Load XRF Data.. \ [v] &2 | FRegister | Delete || Load XRF Data.
Unknown M@ Unknown [ Netingluded...| | Incuded  [ncludeOneAkkeast
™| ™| [+] =
ity by i e e ] [n]+] e e ] o] s e
i e ‘alle o £ lnel [ e Blc|nofF|ne
N Mg pi el e ot el bl el ] oy i e o e NaMgl[ s [ e e e e e e e fa]si] e ] s [a]ar
"= [k case T (v cr Mn e (ColInil/Cu zn|(Gal[Ge as|[sel[Br e — [ k]fcalsc|[7i [ v crmn| Fe [co| ni cul[znca [Ge| as | se | or [ ke
= [Rb st ¥ Zr Nb Mo Tc Ru R/ Pd Ag cd|In 'sn b Te |1 e = |[Ro][sr | ¥ zr [Me|mo| 7c [Rul[Rn] Pd [ag]cd] in [sn|sb [T | 1 | xe
i~ |CsBa  Hi Ta W Re ©s | ir| Pt Au Hg 11 |Pb Bi Po At Rn —cs|leal  [hf[7al[w[Re| 0s [ 1r | ot [au[Hg] 1 [pb ] 8i [Po At [Rn
=l R R
= La el r Nd pm Sm|[Eu Gd To! Dy o & Tm Vb Lu/ = [t ce [pr [Nal pm][smeu G| b Dy [Ho & [T [vb] Lu
1= Ac Th/ Pa U Np PullAm Em Bk 1 |Es: Fm| Md o) e/ = [ac][n[ea][ u ] e [eullamcm] e | cr e | Fm | md o] e
| subte | Elements Fiter | Misc. | Residual peak List | | subfite | Elements Fiter | Misc. | Residual Peak List |
Run Close Run Close

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 specificall 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 followp tool after the primary
identification step, while the Elemens Filter remains the most commonly used option for
routine, chemistry-guided phase searching.



Search/Match : “
Selectall | Select I>(e.s.d.)* =

No. & 28, ° Residual, cps® Norm. Residual Phase Name
» 1 25.244(5) 6242(69) 100.0(11) Unknown )

2 27.372(3) 1701(20) 27.3(3) Unknown

3 36.019(3) 732(10) 11.73(16) Unknown

4 36.879(7) 336(6) 5.38(10) Unknown

5 37.736(3) 1338(12) 21.44(19) Unknown

6 38.502(4) 405(6) 6.49(10) Unknown

7 39.116(3) 113(3) 1.82(5) Unknown

8 41.172(3) 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

1 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 o
Subfile | Elements Filter | Misc. | Residual Peak List
Run Close

For instance, when a small peak remains unassigned, desele&elect Alland select only the
checkbox for the unidentified peak to perform a search focused on that peak.

Search/Match © N Search/Match » IEN|
Select I>(e.s.d.)* |:| (W] Selectall | Selectl>(esd)| 30 &) \ |
No. & 26,° Residual, cps® Norm. Residual Phase Name No. & 28,° Residual, cps® Norm. Residual Phase Name
» 1 2524409 6242(69) 100.0(11) Unknown 2 [J1 252445) 6242(69) 100.0(11) Unknown Q
2 213723 1701(20) 273@3) Unknown 2 2737209 1701(20) 273@) Unknown
[]3 360193 732(10) 1173(16) Unknown [ 3601903) 732(10) 11.73(16) Unknown
[14 368790 336(6) 5.38(10) Unknown [14 368790 336(6) 5.38(10) Unknown
[15  37.736@3) 1338(12) 21.44(19) Unknown [Is  27.7360) 1338(12) 2144(19) Unknown
[J6 385024 405(6) 6.49(10) Unknown [le  3850204) 405(6) 6.49(10) Unknown
[J7  32116@) 113(3) 1.82(5) Unknown 17 39.1160) 113(2) 1.82(3) Unknown
[Js  41172@3) 362(6) 5.80(9) Unknown [J8 411723 362(6) 5.80(9) Unknown
[Jo 439874 128(3) 2.06(5) Unknown [Jo 439874 128(3) 2.06(5) Unknown
[]10  479755(16)  1869(11) 29.94(18) Unknown []10  47.9755(16)  1869(11) 29.94(18) Unknown
[J11  538366(18)  1167(11) 18.70(18) Unknown 11 538366(18)  1167(11) 18.70(18) Unknown
[J12  s42652019)  1019(17) 16.33(17) Unknown D12 s42652014)  1019(11) 1633(17) Unknown
[]13 550022 1183(9) 18.95(14) Unknown [113  5500202) 1183(9) 18.95(14) Unknown
[]14 565724 313(6) 5.01(9) Unknown []14  56572(4) 313(6) 5.01(9) Unknown
[]15  62.060(6) 191(5) 3.06(8) Unknown [: V15 620606 191(5) 3.06(8) Unknown |
[J16 62640 1089(8) 17.44(12) Unknown [T16 | 62640Q2) 1089(8) 17.44(12) Unknown
[J17 639944 1423) 221(5) Unknown . [117  63.9944) 142(3) 2.27(5) Unknown .
Subfile | Elements Filter | Misc. | Residual Peak List Subfile | Elements Filter | Misc
Run Close Run Close

Miscellaneous

The Misc. tab contains advanced Search/Match controls that findune how candidates are
ranked and filtered, helping produce cleaner and more meaningful phastD 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 phase having the same chemical
formula and same crystal system, which suppresses neaduplicate entries so the results list is
easier to interpret. 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 plausibilitghese 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., italed Rigaku/CIF
Het T Wl ¢eqceAct Dt b AW 0T W2 Wnéedaqlll Dt qY! 3t Wagé W Yna:
tab.

Whenrequired settings are completed, then click RUN button

E Search/Match : “

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/Matchi.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 latticeG¢ | ¢ G I q 1 WY GaqRGRA¢ qRY Ub OWf qWLIR
may include correct phases aswell as chemically unrealistic or duplicate hits.

Candidate phase is the smaller, userconfirmed set selected from the Search results (or chosen
automatically by the software) that represents the most likely phases actually present. Only

HcUIT RT ¢cqt Wel WWal Be qlT Wet Wbe sughRad bverlay@é eferéhtellln Y1 WG
peak bars/patterns, assigning peaks in the peak list, and building a consistent mulghase

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 matclquality 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 candic qqIJk t WG ¢t WGYt RqR
depending on settings, intensities) align 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 ke confirmed by checking the peakbar 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 lager 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. Peaksit

I JG¢c RUWGE HIGUT WUt UYs UnWRUT RACqUWI WndWHqRY UL LWa
candidate phase(s). In this situation, the phase search should be repeateypically 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.

70nYl JWett 2 RUNDWBOUEL UYs UG et W 3G 13t WUqWe wils L
AYYI WGUEt WWI2¢tec¢qRY U LEatdd fedtudes, DilbHEKGY R arifacislio the A Wu |
peak list, and these will often remain unassigned. Therefore, edcllbO Ut UY s UG C t W 6
checked against the raw profile (shape, intensity, repeatability) and the instrument/source

HYUT RqRYUt WaqYWHYUNRI GWs 6136 10 WRaWRY We Wal 2 W Rnnl
should it be used to drive addition& phase searching.

Peak Profile View ~ Phase Data View  Crystal Structure View  Crystallite Size Distribution View Clear List
- L Phase Name Chemical Form... QM FOM/F20 RIR
Peak List v 4 Search/Match
V| Only displayed in chart Phase name: | Unknown v .\a \a @ BOTEER, ST 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 36879 59121) 0.148(5) 243524) | Unknown 0.08(9) Tl=
5 277%G)  67505) 01303)  238189(17)  Unknown 073 Candidate phase
6 38502(4) 630(25) 0.129(5) 233623) | Unknown 0.54(9) Set
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)  960GT) 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) > [Rutilc; syn oz I 0163 3 6t
11 528266(18)  745(13) 0.125(2) 1.70145(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)
[ .(.._.... N A - PR < >
If the candidate phase list is final then press Set
Phase Name Chemical Form... QM FOM/F20  RIR
tr 4 Search/Match
V| Only displayed in chart Phase name: | All v \:J ..a @ BOEEER, ST G2 T £ i) SZEL
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 >
3 3601903 876(24) 0.1003) 249139(18)  Rutile, syn:101 0.58(9)
4 3687907 501(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 47.975516) | 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) < e 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  Instrument Model Measurement Conditions Peak Evaluation Phase Identification

Only displayed in chart filters the Peak List to show only the peaks that are currently visible in
the plotted Zi tHnge. 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 fittingust hides peaks outside the current chart window.

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

V| 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.

A fit is 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, with, background, or
phase/model choice.
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Phase Identification byAd PDZ) Database Import

Manual phase identification using the d-1 (PDF2) database is performed by selecting the target

database (e.g., PDR2 2026) and then applying one or more search conditions for example a phase

name such asHatrurite. 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-1 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 correctentry 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 fi 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.

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
















































