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INTRODUCTION
The purpose of this PowerPoint presentation is to demonstrate how to calculate thermal expansion and 
thermal expansion coefficients using the functions embedded in the Powder Diffraction File. 

There are two advantages to using this method versus conventional methods

1) The user can combine data from several different authors and publications, including single point 
temperature measurements, and combine them in a temperature series

2) The user can incorporate the quality review analysis performed by the ICDD to select the most 
precise and accurate data for the analysis. 

For both points 1 & 2 the ICDD has created software and index tables to facilitate the measurements. 
There are temperature series for over 10,000 materials in the PDF-4+ database.  The software and index 
tables are incorporated into all PDF-2 and PDF-4+ products. The software features and applications shown 
in this presentation were developed in Releases 2013 through 2015. 

For future releases we are working on pressure series.
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FIRST STEP. USE THE SEARCH MENU FROM THE PDF-4 
DATABASE TO SELECT MATERIALS

Ambient is defined as data taken within a range
of room temperature. At the ICDD we define ambient
as 290 – 310 Kelvin. Non-ambient can be temperatures 
above or below this range.

The “Environment selection allow the user to choose
either pressure data, temperature data or pressure
and temperature data. The user can also select materials
based on their quality evaluation (i.e. Quality Mark)
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NON-AMBIENT DATA

1) Temperature of Data Collection

2) Part of a Temperature Series
(3 entries at 3 temperatures)

Entries that are non-ambient always have the 
temperature or pressure specified in the editor
comment section of a data entry. 

ICDD editors have flagged identical compounds 
contained in a temperature series. If an entry is part of 
A temperature series the “Temperature Series” icon
will be activated. Activated icons are in bold colors.  
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275 Entries

170 Entries

Select 

Selection of the icon will then ask the
user if they want to restrict the space group.
In this particular case we are looking at TiO2
Restriction of the space group limits the series to 
the mineral rutile. Unrestricted space groups would
include the TiO2 polymorphic minerals - rutile, 
anatase, brookite and akaogiite.

Once the space group is selected a listing of all entries
In the series will be shown to the user
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275 Entries

170 Entries

Quality Mark
Distribution

Once the entries are tabulated in a preference data any column
can be plotted. For example, 1 and 2 show the table and
quality distributions plotted for each collection.
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PDF DATABASES

Release 2015: PDF-4+

• 327,085 Ambient
• 5,491 Pressure Data
• 32,566 Temperature Data

• >300 K       11,785 Entries

• 280 K <      20,569 Entries

Release 2016: PDF-4/Organics

• 312,068 Ambient
• 1,096 Pressure Data
• 188,581 Temperature Data

• >300 K     2,519

• 280 K <    185,531

ICDD databases contain a substantial amount of non-ambient data.
New data are added every year from the world literature sources.  New
temperature data series are added each year.
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DATA MINING

Compound Name
(Common, Mineral, Zeolite)

Temperature of Data Collection 

Quality Mark

Space Group 

Once the temperature series icon is selected
A table will be presented to the user. The user has
already selected a material and the space
group. By using the Preferences icon at the top of
the temperature series display          the user 
can select a large number of data types that they
wish to display in a temperature series table. 
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PREFERENCE TABLE
With PDF-4+ the user has a choice of 116 display fields, for PDF-2 the user has a choice of 48 display fields,
and for PDF/Organics the user has a choice of 95 display fields. Which fields should you select ?

Formula and Space Group
To have a measurement of thermal volume expansion, the user should limit themselves to a single material. This is usually
done by selecting a specific chemical formula and space group. The space group typically, but not always, separates out 
polymorphic forms (materials of different structure, same formula). To be safe the user may also want to check common 
and mineral names for polymorphism, where the materials would have different names or designations. 
Reduced Cell Volume, Temperature
To calculate a thermal volume expansion a volumetric measurement is required as a function of temperature.
We prefer reduced cell volumes since they are standardized, but crystal cell volumes and author cell volumes can also be 
user selected. If the user wants to check thermal anisotropy (different expansion in different directions) then they can 
select a unit cell edge (9 choices – 3 axes for 3 systems) , or a specific indexed d-spacing (20 choices). Temperatures are 
available in Fahrenheit, Celsius or Kelvin. 
Quality Mark
The ICDD editors perform over 100 quality checks and summarize the output in the quality mark. The highest quality marks 
are also coded green. The user may want to delete low quality data and/or  hypothetical data from an analysis. Older data
typically have lower quality marks since the available equipment were not as precise and international calibration standards 
were not commonly available before the 1980’s.
Author and Reference
Selection of author and reference lets the user know how many publications are used in the analysis and which 
data entries are associated with the same series of measurements. 
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PREFERENCES TABLE FOR TEMPERATURE SERIES

Rutile 
Space Group 136
Temperature of Data Collection

> 300 K

Results
Variable Quality Data
T range  300-1883 K
Publications 1984 to 2009
8 publications

Anything on this form can be plotted.
In this case we plot temperature 
versus reduced cell volume
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PLOTS

With common materials, such as rutile, there is often a 
large amount of data because of the engineering applications
of the material and this plot can exhibit complex behavior
because of multiple variables. In addition the number of
ambient determinations may overwhelm non-ambient
determinations  In this graph there appears to
be two groups of data.

This appear to be the temperature series we are
interested in where volume is changing as a function 

of temperature.
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2 There is a large number of ambient determinations where
the volume is changing. By clicking on any point the data 
entry can be viewed . The Editors comment shows that some 
of these data are from a pressure series. Additional data 
points represent samples that were annealed for a long 
period of time, cooled, and then measured at room 
temperature. To separate the two groups of data, there

is an options menu, activated by a right mouse
click on the graph that allows the user to remove
or include all ambient data. Individual entries can be
Removed by removing rows in the preference table.
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Exclude ambient

Exclude Ambient
Linear Regression

Exclude Ambient
Quadratic Regression

Right click for options

R2 = 99.3%

R2 = 99.4%
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What about poor quality data ?

Sort preferences by quality mark

Highlight only  high quality data

Use menu to remove ambient entries

Graph temperature vs reduced cell volume
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Linear  R2 = 99.5%
Quad R2 = 99.6%

Linear  R2 = 99.4%
Quad R2 = 99.5%

Includes prototype data

Data Sets Determinations R2 Range

All data 170 points

Remove Ambient 47 points 99.3     0-1883
(8 publications)

Remove Poor Quality 43 points 99.4 0-1883
(7 publications)

Remove Prototype 41 points 99.5     0-1883 
(6 publications)

Remove lowest temps 39 points 99.7     300-1883
(5 publications)

Remove lowest temperature data
Narrow Temperature rangePrototype data removed
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Red Cell c

Red Cell a

(110)
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Once a set of data have been reviewed for the 
analysis and placed in the Preferences Table, we
can also add additional display elements and plot
directional thermal expansion along a lattice plane or
cell axis. 

The patterns can 
also be plotted in a 
series



Published values for the thermal expansion.
Are there really 7 values or just 1 ?
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Calculated slope

αv  = 28.0 ppm Rutile

High quality experimental
data used exclusively Single value representing five publications 

and 39 entries



High quality data used
in the ICDD analysis 18



THERMAL EXPANSION OF CHEMICAL BONDS 
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In order to understand the nature of chemical bonding and phase transitions some scientists like to examine the thermal
expansion of specific covalent and ionic bonds. 

This is possible in PDF-4+, PDF-4/Minerals and PDF-4/Organics because these databases also have substantial
populations of single crystal structures with calculated bond distances. However we have not automated the process
with embedded software applications or index tables so more steps are required.  

The user needs to select entries with atomic coordinates          and then look at the bond distances in the individual entries.1

1

In the specific case for rutile, most of the 39 entries 
previously selected contain atomic coordinates. 
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The above entry is part of the rutile temperature series
Where the temperature series icon is activated and the 
temperature of data collection was 733 K.
The entry also has an activated 3D icon and a bonds icon

From the bond distances we can create a table of distances versus
temperatures (not automated)
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Rutile  2 x 2 x 2 Unit Cells

Ti-O bond distances at 733 K

For any entries with atomic coordinates

For reference, same authors work, 
Ti-O bond distances
at room temp.



CORUNDUM
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R2 = 99.6%

This series of data plots was generated in about 5 minutes total time. 
Top left: All data from corundum in the temperature series, 96 entries
Middle: All ambient temperature data removed, 13 entries.
Bottom right: All low quality, hypothetical and prototype data 

removed. Ambient data from NIST SRM 674, 674a added as well
as data from NBS Monograph 539 and NBS special publications.
These were all high purity materials and the measurement were
calibrated. Quality marks and editors comments were used in the 
selection. All remaining data are from S and I quality references. The 
analysis used 9 reference publications and 20 entries.



SUMMARY – THERMAL EXPANSION
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In this presentation we demonstrated how numerous physical constants can be calculated from
temperature series data – this includes lattice expansion, volume expansions, lattice plane expansion
and bond expansions. 

Applications and index tables have been used assist the user and facilitate the calculations

A suite of graphics programs enable the data to be graphed and plotted

The methods described are unique because they embed the unique quality review system developed
by the ICDD, enabling the best data to be used in the analysis. 

As part of ICDD’s editorial processes the data employed by the method are continuously updated and
new materials are added every year. 
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