Data Mining with the
PDF-4 Databases

FeO Non-stoichiometric Oxides



This is one of three example-based tutorials for using the
data mining capabilities of the PDF-4+ database and it
covers the following topic:

* FeO Non-stoichiometric Oxides

— sorting out temperature and stoichiometric effects on cell
parameters

Two other similar tutorials for data mining exist and cover
the following topics:

* CIGS Photovoltaics (Solid Solution Example)

— solid solution / cell parameter relationship

 Carbamazepine (Resolving Pharmaceutical Polymorphs)

— a PDF-4/Organics application

— investigating polymorphic forms of an active pharmaceutical
ingredient (API)



Stoichiometric Factors Affecting the
Diffraction Pattern of FeO

* FeO is frequently non-stoichiometric with
Fe-site vacancies.

* These defects have crystallographic effects
and can cause shifts in the observed powder

diffraction peaks.

e Summaries of this effect can be “mined”
from the PDF-4+ database and displayed for

further study.



Crystal Structure of FeO*

Cubic System
Space Group: Fm-3m
NaCl type structure

*Structure taken from PDF entry 04-004-7638 calculated from the Linus Pauling File database (MPDS).



Data Mining for FeO Entries: Step 1
Use the Preferences Window to establish what will be displayed in the
Search Results table

—+1. Click the ‘Preferences’ icon
,2. Click the ‘Search’ tab in the
/ ‘Preferences’ window

el PDF-4+ 2012
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Selecting Fields for the Results Table
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Available Fields:
Use these buttons to move selected items between the
‘Available Fields’ list of 90 items and the ‘Selected Fields’
list of items that will be displayed in the results table.



,
' ICDD. Selecting Fields for the Results Table

L§_l Preferences 52
ﬁ~<
General PDF Cardri 29 Simulated Profile ] Electronri Ring Pattern l s SIeve+i l
po e Selected Fields:

ICDD Defaults v [ op Add... ] ‘ Rename... | [ 2€ Delete ] Use these bUttOnS
Available Fields Selected Fields to move a selected
-] Subfiles{Database Filt PDF # . .
78 E;_;m:;sts atabase Filters QM @ Item up or down in

s-Empirical Formula amb, 5

s-Structural Formula Chemical Formula the IISted Order for

-~ Weight % Y5 the results table.
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Available Fields:
Use these buttons to move selected items between the
‘Available Fields’ list of 90 items and the ‘Selected Fields’
list of items that will be displayed in the results table.



Selecting Fields for Results Table (FeO)

Selected Fields Available Fields folder

FOF & - Always selected

M - Subfiles/Database Filters
amb, - Subfiles/Database Filters
_hermical Formula  Elements

Bkomic %% - Elements

55 - Structures

SPGR - Structures

SR - Structures

skHCell-a - Structures

Dicalc - Miscellaneous

Setting up the fields as shown
here will serve the purposes of
this example. (Click ‘OK’ at the
bottom of the ‘Preferences’
screen when finished.)




Chemistry Criterion for Search: Fe and O only entered
on ‘Periodic Table’ tab of ‘Search’ window
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Chemistry Criterion for Search: Fe and O only entered
on ‘Periodic Table’ tab of ‘Search’ window

o Search e (B [
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R | RO S - 1 (=]
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K Ca Sc Ti V Cr Mn{ Fe JCo Ni Cu Zn Ga Ge As Se Br | Kr
4 130008 40.078| 44.056 47 867 50.041 51.006 54.03N55 84545 003 | 58 603
oo 37, (38 |38 a0 |41 a2 |4 a4 a5 First Clle elements Feand O. ..
Rb|Sr Y Zr Nb Mo Tc Ru Rh Pd
5 |a5.468 | 87.62 | 28.006 01.224 02.006 0504 [08] | 101.07 102.906 106.42 107568 112,41 : : } :
ceriod 55 56 72 |73 |[7a |[75 |76 |[77 |[7e |[7a |[so [s1 |[s2 |[e= |[ea |[e5 |[=8
Cs Ba, Hf Ta W Re Os Ir Pt Au Hg | Tl |Pb|Bi|Po At |Rn
B |132.005137. 327 172.49/120.943 183.84 196.207 190.23|192.217 195.073196.967 200.59 P04.383| 207.2 |[z08.98| [209] || [210] | @221
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| Chemistry Criterion for Search: Fe and O only entered

||’ | ®

a7 on ‘Periodic Table’ tab of ‘Search’ window
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Chemistry Criterion for Search: Fe and O only entered
on ‘Periodic Table’ tab of ‘Search’ window
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Period 55 (66 72 73 79 75 76 77 78 79 80 81 82 83 84 85 86

. | Cs Ba Hf Ta W Re Os Ir Pt Au Hg | Tl |Pb| Bi|Po At |Rn
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Chemistry Criterion for Search: Fe and O only entered
on ‘Periodic Table’ tab of ‘Search’ window

Periodic Table tab text turns red to indicate
3 Search ; . .
T ”ﬂ&/ criteria have been entered on this tab.
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85.468 | 87.62 | 88.906 91.224 92,906/ 9594 ' [98] 101.07/102.906 106.42 107.868 112.41 114.818|118.71|121.76) 127.6 126.904[131.293
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Cs Ba Hf Ta W Re Os Ir Pt Au Hg | Tl |Pb|Bi|Po At |Rn

£ 132905137327 178.49 180.948 183.84 186.207 190.23/192.217 195.078 196 967 200.59 204.383| 207.2 ||208.98| [209] | [210] | [222]
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' '.' Structure Criterion for Search: FCC Space Group #225 — ‘Fm-3m’

y ':' ICDD

entered on ‘Structures’ tab of ‘Search’ window
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L '.' Structure Criterion for Search: FCC Space Group #225 — ‘Fm-3m’
‘ID entered on ‘Structures’ tab of ‘Search’ window
8 Search EE@
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Results of PDF-4+ Search for FeO

Bemmamonas, o sod Dovasenos D

A total of 60 entries for Fe, ,O
compounds

You will get 66 entries if the
‘Include Deleted Patterns’ box
is checked on the ‘Subfiles/
Database Filters’ tab of the
Search window.

A description of your search__

criteria is shown here.

' Results - {Only (Fe And 0)} And {Int... o [&@ ==

File Edit Fields Results Similarity Index Help
QM | Amb. | Chemical For... Atomic % SYS| SPGR | S5G# | XtlCella | Dcalc

00—.0156}6615 | A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.307 5.973 -
00-046-1312 |B  |A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.293 6.032 [
01-071-4461 || T Fe O Fe50.00 O50.00 C Fm-3m 225 |4.354 5.782
01-073-2143 || B Fe.974 0 Fed49.34 O50.66 C Fm-3m 225  |4.308 5.545
01-073-2144 || A Fe.942 O Fed43.51 051.49 C Fm-3m 225 |4.280 5.812 =
01-074-1880 |I A Fe0.911 O Fed47 67 052.33 C Fm-3m 225 [4.290 5.625
01-074-1881 || A Fe0.915 O Fed7 86 O52.14 C Fm-3m 225 |4.293 5.646
01-074-1882 || A Fe0.929 O Fed43.16 O51.84 C Fm-3m 225 |4.300 5.672
01-074-1883 |l B Fe0.932 O Fed3.24 O51.76 C Fm-3m 225 |4.301 5.682
01-074-1884 || Fiy Fe0.944 O Fed43.56 O51.44 C Fm-3m 225 |4.308 5.707
01-074-1885 || Fiy Fe0.944 O Fed43.56 O51.44 C Fm-3m 225 |4.310 5.702
01-074-1886 |[H |A Fe © Fe50.00 O50.00 C Fm-3m 225 |4.341 5.834
01-075-1550 || A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.303 5.99
01-077-7980 |B  |A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.312 5.952
01-079-1969 || P Fe.920 O Fed7.92 O52.08 C Fm-3m 225 |4.361 5.396
01-079-1971 |I T Fe.902 O Fed47.42 05258 C Fm-3m 225 |4.355 5.338
01-079-1972 |I T Fe.§88 O Fed7.03 052.97 C Fm-3m 225 |4.349 5.297
01-079-1973 || E Fe.880 O Fed6.81 053.19 C Fm-3m 225 |4.344 5.277
01-079-2175 || T Fe.928 O Fed43.13 O51.87 C Fm-3m 225 |4.351 5.47
01-079-2177 |1 T Fe0.92 O Fed7 92 O52.08 C Fm-3m 225  |4.360 5.401
01-084-0302 || T Fe0.909 O Fed47.62 052.38 C Fm-3m 225 |4.290 5.617 -
Search Description Calculations
e e iy (== L =




|
) ICDD:.

Bemmamonas, o sod Dovasenos D

Most fields in the results
table can be graphically
illustrated in either X-Y plot
or histogram form.

For the current application,
we will use an X-Y plot to
illustrate the a-axis cell
parameter as a function of
atomic % Fe.

To do this, ‘Graph Fields...’ is

first selected from the
‘Results’ drop down menu of
the ‘Results’ window.

Analysis of the Resulting Database Entries

- Results - {Only (Eeind O)} And {Int... = ) [&

File Edit Field Yimilarity Index Help
2 D
[é Y \ DF Card...
ad L .
Results (60 of 328 2 ulated Profile...
Search Preferenc Graph Fields...
amb. | Chemical For... Atomic % SYS| SPGR | SG# | XtlCella | Dcalc

00-006-0615 [ A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.307 5.973 »
00-046-1312 |B  |A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.293 6.032 7
01-071-4461 || E Fe O Fe50.00 O50.00 C Fm-3m 225 |4.354 5.782
01-073-2143 || Fiy Fe.974 0 Fe49.34 O50.66 C Fm-3m 225 |4.309 5.845
01-073-2144 || B Fe.942 O Fed§.51 O51.49 C Fm-3m 225  |4.280 5.812 |=
01-074-1880 || fi) Fe0.911 O Fed? 67 O52.33 C Fm-3m 225 |4.290 5.625
01-074-1881 || Fi) Fe0.918 O Fed?. 86 O52.14 C Fm-3m 225 [4.293 5.646
01-074-1882 || A Fe0.929 O Fed43.16 O51.84 C Fm-3m 225 |4.300 5672 _
01-074-1883 || A Fe0.932 O Fed43.24 O51.76 C Fm-3m 225 |4.301 5.682
01-074-1884 || B Fe0.944 O Fed43.56 O51.44 C Fm-3m 225 |4.308 5.707
01-074-1885 || Fiy Fe0.944 O Fed43.56 O51.44 C Fm-3m 225 |4.310 5.702
01-074-1886 |H |A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.341 5.834
01-075-1550 || B Fe © Fe50.00 O50.00 C Fm-3m 225  |4.303 5.99
01-077-7980 |[B  |A Fe O Fe50.00 O50.00 C Fm-3m 225 |4.312 5.952
01-079-1969 || T Fe.920 0 Fed47.92 052.08 C Fm-3m 225 |4.361 5.396
01-079-1971 |I P Fe.902 O Fed7. 42 O52.58 C Fm-3m 225 |4.355 5.338
01-079-1972 |I T Fe.§38 O Fed7.03 052.97 C Fm-3m 225 |4.349 5.297
01-079-1973 |I T Fe.§80 O Fed6.81 053.19 C Fm-3m 225 |4.344 5.277
01-079-2175 || E Fe.928 O Fed43.13 O51.87 C Fm-3m 225 |4.351 5.47
01-079-2177 || T Fe0.92 O Fed47.92 0O52.08 C Fm-3m 225 |4.360 5.401
01-084-0302 || T Fe0.908 O Fed? 62 O52.38 C Fm-3m 225 4.290 5.617 -
Search Description Calculations
{Only (Fe And O)} And {International Space Group Mean: Median: ESD:
Murber Exactly '225'+ And {Mot Status (Deleted): sl e, ¥




The ‘Graph Fields’ Selection Box

Here the types of data to plot on the x- and y-axes of
the graph are selected.

Graph Fields

Help
Rows:  all
X-Bxis
Field: QM

Element: Fe

Y-Aaxis

Field: “Hits >

©]

Bin Width: [0.9319

[ Create Graph J[ Cancel

To select the type of data
for the x-axis, use the
drop-down menu here.




The ‘Graph Fields’ Selection Box

Here the types of data to plot on the x- and y-axes of
the graph are selected.

Graph Fields (=3

Help

Rows: ‘AII v

For this graph, we will
choose ‘Atomic %’ for
—] the X-axis.

X-axis

Fi H . v .
ield QM L]
QM 4

Element: |anb.

Chermical Formula

Y-Axis
SYS

Field: SPGR

A 5G #

9) Mumblericell a -

Create Graph J[ Cancel




The ‘Graph Fields’ Selection Box

Here the types of data to plot on the x- and y-axes of
the graph are selected.

Graph Fields @
Help

Rows:  A&ll v

X-Bxis

Field: Atomic % -

Element: ;Fe °

Y-Axis

Field: <Hits > .

@ Murnber of Bins: |3 (7) Bin Width: |0.9319

[ Create Graph J[ Cancel

Now we select the
element whose atomic %
IS to be plotted — in this
case, ‘Fe’.




The ‘Graph Fields’ Selection Box

Here the types of data to plot on the x- and y-axes of
the graph are selected.

Graph Fields (=3
Help

Rows: :AII v

X-Axis

Field:  Atomic % v

Next we select the data

Element: Fe v _
| | to _be plotted ?Iong the,y

axis, namely ‘XtlCell a’.

Y-8xis

Field: | <Hits>




The ‘Graph Fields’ Selection Box

Here the types of data to plot on the x- and y-axes of

the graph are selected.

Graph Fields

Rows: | all v
X-Bxis

Field: Atomic %
Element: Fe v
Y¥-Axis

Field: XElCell a

) Mumber of Bins: |3

Click on ‘Create Graph’
to display the graph.

k Create Graph
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“)1cDD: FeO a-axis Cell Parameter vs. Atomic % Fe
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This graph shows little apparent correlation between atomic % Fe and a-axis.

Note that entries reported as being stoichiometric (1:1) are in a vertical line at
right (50 at.% Fe). All others report less than stoichiometric amounts of Fe.
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1°: FeO a-axis Cell Parameter vs. Atomic % Fe
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Further examination of individual entries separates ambient, high-temperature,
and high-pressure determinations of the a-axis.
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QuaTY

’?: FeO a-axis Cell Parameter vs. Atomic % Fe
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4325
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% 4275
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 Individual entries from this chart may be examined by left-clicking on individual
spots. The illustration above shows the point label that appears when the
mouse cursor is ‘hovered’ over this data point.



G?: FeO a-axis Cell Parameter vs. Atomic % Fe
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121 Open PDF Cards (3)
Oxide - 01-074-188
4

4.250 - Iron Oxide - §4-012-3383

4.225

46.75 47.0(

Ambient

High Pressure

25 4850 4875 4900 4925 4950 4975 50.00
b - Atomic %

 If you left-click at this point, depending on the proximity of nearby points on the
graph, you may directly bring up the 01-074-1883 entry, or bring up a list of the
nearby points as shown above. In the latter case, the point of interest is selected
from the list and then ‘OK’ is clicked. This entry is shown on the next slide.
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oo PDF Card for FeO (01-074-1883)

File Edit d-Spacings Tools Window Help

R @ eRhrtxEHPEHE

Fe0.032 0 - 01-074-1883 =[G s

d-Spacings
Wavelength [ Fixed Sit Intensity | 1,000
Cukal 1.540564 v -8 i) aNNE o
i 36.1450 |2.483010 (604 | 1 | 1 | 1 s
419808 (2150350 (999 | 2 | 0 | O 7
= §0.3735 |1.520530 (463 | 2 | 2 | 0 8 9009
(=
fredioitnis 72.3865 |1.296710 (157 | 3 | 1 | 1 =
[¥] Fixed Slit Intensity 76.6963 [1.241510 16 [ 2|22 250 A
[7] variable Slit Intensity 91.5193 [1.075180 143 [ 4 |0 |0 | |
Z 3 ] | i
B It ared Tty 102.65010.986648 (48 | 3 | 3 | 1 o
106.4485 | 0.961666 109 | 4|20 [ ’ l l l 1 1 ‘ ] l
Diffraction Pattsas 122.669010.877877 84 - 2 2 3'0 40 5'0 Bb 7'0 3'0 9'0 160 11'0 1é0 1:"10 1"!-0
[V] Simulated Profile 137.0761]0.827670 Fe 28
Raw Diffraction Data (PD3) 932 O I_ 01-074-1883 (Fixed Slit Itensity) — 01-074-1883 (Calc)l

FoF chperimental I Physical | Crystal l Optical I Strygkre | Miscellaneous I References I Comments!

PDF #:01-074-1883 Status: Primary QM: Indexed (1)

PressurejTemperature: Ambient

Fe0.932 O

Structural Formula:

Empirical Formula:»FeO.QfBZ 0 The ‘PDF’ tab Of th|S W|ndOW d|Sp|ayS
Weight %:Fe76.43 023.61 the actual formula and stoichiometry.

Atomic %: Fed8.24 051.76

Chermical Formul

ANX: A%
Compound Mame: Iron Oxide
Mineral Name:jillmstit_e, syh

Common Name:




.Icoy PDF Card for FeO (01-074-1883)

{ ) )
Pemoomonas, Covnoe sou Durscnos D

© Fe0.932 O - 01-074-1883 o [E [
File Edit d-Spacings Tools Window Help

B DR r¥xEHoBHE

d-Spacings
Wavelength [ Fixed Sit Intensity | 1,000
‘CuKal 1.540564 v 28 d(R) L Thlkl 1= o
i 36.1450 |2.483010 (604 | 1 | 1 | 1 =
41.9808 (2450350 (999 [ 2 [ o |0 @
< 500 -
= 60.6735 |1.520530 (463 | 2 | 2 | 0 o
c
Zradlid st 72.8866 |1.296710  |167 | 3 | 1 | 1 =
[¥] Fixed Slit Intensity 76.6963 |1.241510 16 [ 222 250 |
[7] ariable Slit Intensity 91.5193 [1.075180 43 4/0]0 | |
102.65010.986648 (48 | 3 | 3 | 1 ] ! i
[7] Integrated Intensity o
106.4485 |0.961666 109 | 4|20 [ , \ ] ] l | | ‘ |
Diffraction Patterns 122.6690|0.877877 84 4122 30 40 50 eb 70 80 90 100 11'0 150 13'0 140
(] Simulated Profile 137.0761|0.827670 |40 |5 |1 |1 28
Raw Diffraction Data (PD3) |— 01-074-1883 (Fixed Slit Intensity) — 01-074-1883 (Calc) |

[ PDF l Experimental [Physical ] Crystal I Optical I Structure Miscellaneouw

Type Reference

Primary Reference Calcriated from ICSD nsing POWD-12++.

Structure "&n «ray study of the wuestite (Fe O} solid solution

. Jette, E.R., Foote, F. J) Chem. Phys. 1, 29 {1933).

The ‘References’ tab of this window shows the source of the
information. Authors, in this case, are E. R. Jette and F. Foote.
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,Lma PDF Card for FeO (01-074-1883)

Pemoomonas, Covnoe sou Durscnos D

- . e
~ Fe0.932 0 - 01-074-1883 = " lﬁl)
File Edit d-Spacings Tools Window Help
R @BRr»TxEHPEAE yd
d-5pacings This window may be closed to return to the

Wwavelength B Fixed Sit Intensity | previous graphical plot of ‘a’ vs. atomic % Fe.
CuKat 1.540564 = 28 d(R) L Thlel 1=
: 3 750 1
i 36.1450 (2.483010 (604 | 1 | 1 | 1 =
419808 2150350 (993 [ 2 [0 |0 @
- §0.6735 |1.520530 463 | 2 | 2 | 0 3 200
EHCRERHENE 72.6865 |1.296710  |157 | 3 | 1 | 1 =
V| Fixed Slit Intensity 76.6963 (1241510 (116 [ 2 | 2 | 2 250 1
[7] ariable Slit Intensity 91.6193 |1.075180 |43 | 4 |0 |0 | |
. 102.65010.986648 |46 | 3 | 3 | 1 = | i
Integrated Intensit
[l itsasted Incertt 106.4485 (0961666 (109 | 4 | 2 | 0 [ ’ ] ] ] l l | ‘ |
Diffraction Patterns 122.6690|0.877877 34 412 |2 30 40 50 60 70 80 90 100 110 120 130 140
@] Simulated Profile 137.0761|0.827670 (40 |6 [ 1 |1 28
3002 S Ry |— 01-074-1883 (Fixed Slit Intensity) — 01-074-1883 (Calc) |

| POF | Experimental | Physical | crystal | Optical | structure | Miscellaneous | References | Comments

Type Reference

Primary Reference Calcriated from ICSD nsing POWD-12++.

Structure "&n x-ray study of the wuestite (Fe O) solid solutions". Jette, E.R., Foote, F. J. Chem. Phvs. 1, 29 {1933).




Gz»: FeO a-axis Cell Parameter vs. Atomic % Fe
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Examining another nearby point, corresponding to entry 01-074-1882, we note that
the reference lists the same authors, E. R. Jette and F. Foote.

There may be other entries across the range of stoichiometries that are based on
these authors’ work. We can add an author’s name to the search criteria to

examine just their entries.



Adding an Author to the Search

""" ' Search [o [E &=
Global Operator Numeric Input Help

.Subfiles,fDatabase Filters [ Periadic Table»[_Elements“l Namei , tructures»i_MisceIlaneousl

Author

("] Mot | Contains Words -
Coden Journal

(] Mot | Exactly @ [ Mot | Contains ‘Words v
Title

("] Mot | Contains Words

Chemical Abstracts Registry §ervice (CAS) Year Yolume

v (8] [EInot[ EsD: | [EINot [Exacty

(] Mot | Contains Phrase

(@b || Show Results [ [7] Undock Page ’ [ Reset Page ] [ Reset All ]

Without resetting the previous search criteria, we can add an author to the previous
Periodic Table (Only Fe and O) and Structure (Space Group 225) specifications. Adding
‘Jette’ to the ‘Author’ box, and clicking ‘Search’ gives the Results list on the next slide:



Search Result Including ‘Jette’ as Author

PDF # QM | Amb. | Chemical For... Atomic % SYS| SPGR | SG# | ¥tiCella | Dcalc
11-074-1880 fi) Fe0.911 0 Fed? 67 O62.33 C Fm-3m |225 [4.290 5.625
01-074-1381 |1 A Fe0.9158 O Fed47.86 052.14 C Fm-3m |225 |4.293 5.646
01-074-1882 || fi) Fe0.929 O Fedd.16 051.84 C Fm-3m |225 [4.300 5.672
01-074-1883 || fi) Fe0.932 O Fed43.24 O51.76 C Fm-3m |225 [4.301 5.682
01-074-1884 || fi) Fe0.944 O Fedg.56 O51.44 C Fm-3m |225 [4.308 5.707
01-074-1885 || 8 Fe0.944 O Fed8.56 O51.44 C Fm-3m 225 14310 5.702
01-074-1886 ([H |A Fe O Fe50.00 O50.00 C Fm-3m |225 |4.341 5.834

These results can be graphed as before . . .
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These represent the results of one systematic study of stoichiometry

vS. structure published by Jette & Foote in J. Chem. Phys.




7 Graph - {Only (Fe And 0)} And {Aut... (o [E: [
(File JHelp
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‘% Print.. Ctrl+P

Close
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The underlying numerical values from this resulting graph can be
exported for analysis by other software programs such as Microsoft®
Excel®. From the ‘File’ menu on this graph, ‘Save...’ is selected.



:'qu Save
-] 8 @

=
Recent Items

Deskkop

I

Documents

A

Computer

N :
& File name:  C_Feo_CellParms_letteFoote D
MNetwork : 1
Files of type: ICDD Delimited text (*.csv) v
A

The values can be saved to a ‘CSV’ (comma separated values) file
for import into many other software analysis programs. The file
name and folder are specified here as well.



435

1 J , y=0.0222x+3.2317 |
4.3% - ' ' T RFI0098

433 +

432

431 +

a-axis (A)

43 4

429 +

428 ? ‘ | | | |
475 48 485 49 495 50 50.5

At. % Fe

An example of a Microsoft® Excel® analysis of the Jette & Foote data.
The linear analysis equation can be rearranged to give . . .

At. % Fe = 45.05 * a-axis (A) - 145.6

This would allow one to calculate the atomic % Fe from a measured a-
axis value.
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Several entries in the ‘High Temperature’ region of the original results graph
come from a single study, “Point Defect Clusters in Wuestite” by Radler, Cohen,
& Faber, J. Phys. Chem. Solids, 51, 217 (1990). We can again use the author
criterion to look at just these entries.




Change Author for Search

8 Search = [E [
Global Operator Numeric Input Help
| Subfiles{Database Filters l Periodic Table [ Elements I*l"dam References Jstructures [ Miscellaneousfr
Author
[ ] Mot Contains Words v‘ Cohen )
Coden Journal

[F] Mot | Exactly (] Mot Contains Words - "
Title

] Mot | Contains Words v '

Chemical Abstracts Registry Servicp (CAS) Year Yolume

"] Mot | Contains Phrase a Inot [ | ESD: [ Mot [Exactly

'm [v] show Results [ [7] Undock Page ] [ Reset Page ] [ Reset Al ]

On the ‘References’ tab, ‘Cohen’ has been entered in the ‘Author’ field to obtain the
desired PDF entries. The ‘Structures’ and ‘Periodic Table’ tabs contain the previously
entered information regarding FeO and space group 225. This search will yield the 10
entries found on the next slide.




PDF Entries from Radler, Cohen, & Faber Study (1990)

- Results - {Only (Fe And 0)} And {Aut... = |-E |-83u
File Edit Fields((Results[)Similarity Index Help

[é 2 \ PDF Card...

.ol e o

Results {10 of 328 2= Simulated Profile...
Search Preferenc Graph Fields, ‘ =

i PDF # QM | Amb. | Chemical For... Atomic % SYS| SPGR | SG# | XtiCella | Dcalc
11-079-19649 | T Fe.920 O Fed? 92 O52.08 C Fm-3m 225 |4.361 5.396
01-079-1971 |l T Fe.902 O Fed7. 42 O52.58 C Fm-3m 225 |4.355 5.338
01-079-1972 |I E Fe.888 O Fed?.03 O52.97 C Fm-3m 225 |4.349 5.297
01-079-1973 |l T Fe.880 O Fedt.81 O53.19 C Fm-3m 225 |4.344 5.277
01-079-2175 || T Fe.928 O Fed§.13 O51.87 C Fm-3m 225 |4.351 5.47
01-079-2177 |l T Fe0.92 O Fed?. 92 O52.08 C Fm-3m 225 |4.360 5.401
04-014-4357 || T Fe0.913 O Fed?. 73 O52.27 C Fm-3m 225 |4.367 5.343
04-014-4358 || ol Fe0.911 O Fed4? 67 O52.33 C Fim-3m 225 |4.372 5.316
04-014-4359 || T Fe0.950 O Fed43.72 O51.28 C Fim-3m 225 |4.376 5.475
04-014-4360 || |T Fe0.945 O Fed43.59 O51.41 C Fim-3m 225 |4.373 5.462
Search Description Calculations

{Only (Fe And O)} And {Author Contains Words

'‘Cohen'} And {International Space Group Number Mean: Median: ESD:
Exactly '225'+ And {Mot Status (Deleted)}:

The a-axis cell parameter for just these resulting 10
entries can now be plotted vs. atomic % Fe and the
resulting graph is shown on the following slide.



Graph of Radler, Cohen, and Faber FeO Entries

2 Graph - {Only (Fe And 0)} And {Aut... o | B (3
File Help

xtiCell a (&)

47.00 4725 47 50 47.75 43.00 4325 4350 4g.7¢
Fe - Atomic %

These points represent two sets of high-temperature X-ray data obtained in the
referenced report as follows:

1. Data varying T from 1123 to 1373 C 2. Data varying stoichiometry at
with slightly increasing O content 1323 C from Fe, g0 to Fe;y 4O
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Another Look at FeO results - Density

[ PDF-4+ 2012
File: Edit Tools Wi

s | @

Return to the original list of 63 FeO entries using ‘History’ ...

Use the ‘History’ icon to
retrieve any searches

already performed

7 History during this session. =
File Help
Past Searches
| Name | Description | Hits | w° it
Search #2 40nly (Fe And O)}F And {International Space Group Mumber Exactly '225'+ And {Mot Status
(Deleted)}
Rename...
Search #3 {Only {Fe And O)} And {Author Contains Words 'Jette't And {International Space Group
Mumber Exactly '225'F And {Not Status (Deleted)} 7
= 3 Delete
Search #4 {Only {Fe And O})} And {Author Contains Words 'Cohen'} And {International Space Group
Mumber Exactly '225'F And {MNot Status (Deleted)} 10 | 3 38 Delete Al
Combined Searches
Name | Description | Hits r Operation
@ And Or
.. Combined
& Results
[V] Add to Past Searches
3¢ Delete

3K Delete Al
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L === Another Look at FeO results - Density
\IMDIQ Return to the original list of 60 FeO entries using ‘History’ . ..

[&F PDF-4+ 2012 Choose the original search:

File Edit Tools Window Help .
= l Y J" {Only (Fe And O)‘} An’d {International Space Group
bt d Number Exactly 225’} And {Not Status (Deleted)}

FI:'S::; and click the ‘Results’ button. o EEs

Ul
Past Searches

I Name I Description Hits
Search #2 {Only {Fe And @)} And {International Space Group Mumber Exactly '225 And {MNot Status -
(Deleted)}
o Rename...
Search #3 {Only {Fe And O)} And {Author Contains Words 'Jette't And {International Space Group
Mumber Exactly '225'F And {Not Status (Deleted)} 7
= 3 Delete
Search #4 {Only {Fe And O})} And {Author Contains Words 'Cohen'} And {International Space Group
Mumber Exactly '225'F And {MNot Status (Deleted)} 10 B 38 Delete Al
Combined Searches
MName | Description I Hits r Operation
@ And Or
+ Combined
<4 Results
[V] Add to Past Searches
3 Delete
3K Delete Al




Another Look at FeO results - Density

' ICDD!

Iemmomonas, Cavme xou lhu\rr\nihu -'U‘ Results = {Only F Nals 0)}And {Int"' = I @ l&
File Edit Field imilarity Index Help
o N
h I Results (60 of 328 Zai
Another way to analyze
i i Search Preferency Graph Fields... =
this data is to look at the |
; : PDF # QM | Amb. | Chemical For... Atomic % S¥S| SPGR | SG# | XtiCella | Dcalc
density as a function of | :
o n0-006-0615 [HHEEREE: Fe50.00 O50.00 C |Fm-3m |225 [4.307  [5.973 .
cell parameter. This is 00-046-1312 |6 |4  [Fe O Fe50.00 050.00 C |Fm-3m (225 |4203  |s032 | [
. 01-071-4461 || [T |Fe O Fe50.00 O50.00 C |Fm-3m |225 |4.354  |5.782
performed by using the 01-073-2143 || & |Fe.9740 Fedd.34 O50.66 C  |Fm-3m [225 |4.309 |5.845
‘Results’ drop down menu | 007321441 & |Fesaz 0 Fed8.51 051.49 Cc |Fm-3m [225 [4280 [s812 | |E
‘G h Field o, | [01-0741830 1 [a  [Fens11 0 Fed7.67 052.33 C  |Fm-3m |225 |4290  |5.625
to access ‘Grap ICIAS... | [p1io7a1ss1 |1 (& |Fe09180 Fe47.86 05214  |C  |Fm-3m |225 |4.203  |5.646
01-074-1882 || |&  |Fe0.929 0 Feds.16 O51.64 C |Fm-3m |225 |4300 [5672 | L
01-074-1883 || |a  |Fe0.9320 Feds.24 O51.76 C |Fm-3m [225 |4301  |5.682
01-074-1884 ||  |&  |Fe0.9440 Fedd.56 O51.44 ¢ |Fm-3m [225 |4.308  |5.707
01-074-1885 || |&  |Fe0.944 0 Feds.56 O51.44 ¢ |Fm-3m [226 [4310  |5.702
01-074-1886 |H |&  |Fe O Fe50.00 O50.00 C  |Fm-3m |225 (4341  |5.834
01-075-1650 || |&  |Fe O Fe50.00 O50.00 ¢ |Fm-3m [225 |4.303  [5.99
01-077-7980 |B & |Fe O Fe50.00 O50.00 C |Fm-3m [225 |4312  |5.952
01-079-1969 || [T |Fe.9200 Fe47.92 052.08 ¢ |Fm-3m |225 |4.361  |5.396
01-079-1971 || |T  |Fe.902 0 Fed7.42 O52.58 C |Fm-3m |225 |4.356  |5.338
01-079-1972 |1 [T |Fe.888 0 Fed7.03 052.97 C |Fm-3m [225 |4.349  [5.297
01-079-1973 |1 [T |Fe.880 0 Fed6.81 053.19 C |Fm-3m [225 |4.344 [5277
01-079-2175 || [T |Fe.928 O Fedd.13 O51.87 C  |Fm-3m [225 |4.351 |5.47
01-079-2177 [I [T |Fe0.92 0 Fed7.92 052.08 C  |Fm-3m |225 |4.360  |5.401
01-084-0302 || |T  |Fe0.909 0 Fed7.62 052.38 C |Fm-3m [225 |4290 5617 =
Search Description Calculations
{Only (Fe And O)} And {International Space Group Mean: Median: ESD:
Mumber Exactly ‘225 And {Not Status {Deleted): gk S :




Another Look at FeO results - Density

Graph Fields [525)
Help
Rows: :AII )
For this graph, we will plot X-dixs
the calculated density as a Field: C
function of the cubic cell cemert(Fe )

parameter.
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Results: density vs. a-axis cell
parameter for reported FeO structures
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Illustration of correllations within this graph of
density verses cell parameter for Fe, ,O data
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Summary for Data Mining
Non-stoichiometric Cubic FeO

Multiple explanations exist for unit cell parameter
variations in non-stoichiometric FeO in the PDF

Systematic studies regarding stoichiometry and/or
temperature can be “mined” from the database

No single relationship describes all the data, thus
different “defect” arrangements must exist for these
materials

Ability to access PDF entries directly from graphs’
facilitates obtaining other data and references



Thank you for viewing our tutorial.
Additional tutorials are available at the ICDD website.
www.icdd.com

International Centre for Diffraction Data
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Newtown Square, PA 19073
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