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This tutorial will demonstrate how a user can increase both
the speed and efficiency of the material identification process.

It demonstrates how to take advantage of embedded links between
ICDD’s viewing and identification programs. It also explains how to
utilize ICDD’s editorial classification and subfile assignments for
additional benefit.

Viewing Identification
PDF-2 DDView Sleve

PDF-4+ DDView+ Sleve+
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Prerequisite Tutorials

e Using Subfiles

e Chemical and Structural
Classification

e |dentification
— PDF-2 or PDF-4+
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What?

Advanced identification utilizes multiple steps:

1) Use either DDView or DDView+ to data mine the Powder
Diffraction File (PDF) to a subset of data that are applicable

to a problem (i.e., minerals, metals, ceramics, materials containing
Fe etc.).

2) Import raw data and process it to a d/I file.

3) Use either Sleve or Sleve+ to identify the material — using
the subset that was created in step 1.
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Why?

Most of the time, a researcher has some knowledge of the
specimen. This might include a preparation history, an elemental
analysis, or a physical property (i.e., color).

This information can be used to reduce the number of candidate
materials from hundreds of thousands to a few thousand.

In complex multiphase unknowns, there can be “false”
identifications due to the large number of peaks and comparison
to a large number of candidate materials.

Appropriate selection of a “properly defined” subset can lead
to increased speed and Increased efficiency.
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Advanced Identification Tools
How?

The Powder Diffraction File has many subfiles, and chemical and
structural classifications to help users
select a subset for analysis.

Any search can be coupled with the identification programs
Sleve and Sleve+.

In PDF-4+, there are 48 Search Options — which can be combined
and permuted.

Field experts are used to define subfiles.
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Case 1: Analysis of a soil specimen (see Case 1 slides)

Use the Mineral subclassification in the Mineral Related subfile.

This includes minerals that were “naturally found”. (Note: Use the
Mineral Related subfile if the specimen was synthetic or of uncertain
origin.)

Case 2: Analysis of a drug tablet (see Case 2 slides)
Combine the Pharmaceutical subfile with the Excipients subfile.
In PDF-4/0Organics, combine these results with the Bioactivity subfile.

Case 3: Analysis of evidence at a crime scene (not shown)
Use the Forensic subfile, which has been developed and compiled by law
enforcement scientists.

Case 4: Analysis of concrete (see Case 4 slides)
Concrete typically consists of cement and aggregates. A combination of
the Cement subfile with Minerals can effectively identify the components.
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' ICDD: Case 1
Analysis of a Soil Specimen

File Edit Tools Window Help / T
\ DY PE u Select Sleve+ (or Sleve)

From “Toolbar”

Edit Matches PRases Lines Help

L . — - - _
[Z] Mew Session..,  CE+M z o Q Ny ) & x
]

i) Open Session

Frarm -1 List, .. Chrl+1 |
ﬂ Fram Experimental Data. .

From Legacy PDF-4.., Chrl+5hift+1

o Import Session 9

Import raw data

55555555

Data on a mineral
specimen purchased
from Morocco

o E L) s =a =5 El) s =0 55 S0 ES) TG0

[or ] [ Cancatl ] [ Advanced mods ]
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Analy

Case 1

File  Plot

Help

File: Marne ‘C:\Documents and Settings\FawcettiDeskbopLectures, WarkshopsiData Files\As Received Raw DatalxRD2007\MalachiteSlaw,udf

Wavelength: Cu Kal 1,540584 -

5,250
5.000
4750
4500
4250
4,000
3.750
3,500
3.250
3,000
2750
2500
2250
2,000
1.750
1.500
1.250
1.000

Intensity

sis of a Soil Specimen

Show Peaks (2nd derivative)

Intensity Limit:% J—

Derivative Limi

Use Moise Limit (64.18)

5, J—

Use algorithms to find
peaks and remove

Background. Press “OK” to
import d/I into Sleve

LJJJ ! L.LMM)-.N‘U\-L}U .Mmu.kJ

5 10 15 20 25 30 35 40 45 50 55 B0

Advanced Mods

BS

70

[ ] Matches Filter

Experiment I

The “Select” button will
activate if there are any
active subfile searches

& Sleve+ - (Unti

File Edt Matches FPhases Lines Help

BUSERSAEIQnveo X

tled)

Matches (4,308 of 272,232)

| PDF # Compound Name Chemical Formula D1 D2 D3 D4 D5 D6 D7
5059 3 Copper Carbonate Hydroxide Cud+2 {C0332 {OH)2 3616000 |2.224000 |5150000 |3.674000 2510000 |2 267000 |G.080000
B024 il Silicon Oxide SiQ2 3.336660 |4.243520 |1.814370 |1.B37610 |2.460000 |2.277890 |1.372610
4999 3 Aluminum Phosphate Al(P O4) 3.340410 |4.234860 |2.286960 |1.817530 |2.445000 |1.535420 |2.117430
44934 4 Silicon Cxicle Sioz 3.340770 |4.252180 |1.616400 |1.540400 |2 456000 |2 279330 |1.373760
4934 1 Silican Oxide SiQ2 3.340770 |4.252180 |1.516400 |1.540400 |2.455000 |2.279330 |1.373780
4738 1 Silicon Crxide Sio2 3.337050 |4.246170 |1.814680 |1.638030 |2.277880 |2 460060 |1.388520

< |

[ tatches Filter

Filter Description

Select... |

Experiment

ey
Search Line(s): 3.33450 v |

Preferences

Search Window:|0.15 &

Search Method; |Hanawalt ‘

S
Ratation: All

Match Windaw: IEI°
Lowest Allowsble GOM :1000

Wavelength: | Cukal 1540568

Phases {1}

Compound Mame Ink, Ratio

Lines (26 of 113}

[exaiy ¥ exi | prdy | i

12.97066

12.57011

11.83903

1170309

10.91177

10.21709

10.10020

9.83763

923743

1
1
1
1
1
10.52153 |1
1
1
3
1
1

a.11042
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Analysis of a Soil Specimen

TEE ol sk o, [ o [l

[] Matches Filker | I% past Searches
Marne Ciescription Hits Tirme
Search #1 J5ubfilefsubclass (Mineral Related):
Expetiment 25,861 |10s
Search #2 {5ubfilef5ubclass (Minerall:
19,590 |3.3s

Mark. (Skar {5) Or Indexed (100} And {SubfilefSubclass (Mineral)k

{Qualicy

HSearch #3

| Search #4 {uality Mark. {Star {33 Or Indexed (1))} And {5ubfilefsubclass {Cement Materialk

Highlight the search you desire. In this
case S and | quality minerals.

[ Ok, ][ Zancel ]

Clicking on “Select” will bring up all prior searches used in the
active session, the number of entries in the search and the
time it took to generate the entry subset.

Please note: The “Select” button will only highlight if you have

an active search. If you do not have an active search, you can create
one and you will see that the select button automatically activates.
There is no need to interrupt the session.
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Case 1

Creation of Searches:
Point and Click (Highlight criteria)
Click Search

CDD DDView+ - PDF-4+ 2007 RDB

Fil= Edit Tools Window Help
Yy

Search

Filz  Edit

B U
Matches (731
GOM

4383
3373
3318
3278
3188
3168

Matches F

Select

Experiment
Search Lineis

Preferences

Search Wind
Search Metl

Star and |
Quality Selected

Global Operator  Numeric Input Help

SuUbFiles/Database Filkers
Database

[ Mot 1< (0o)
1CSD-FIZ (01}
(Cambridge (02)
NIST (03)

LPF {04}

Quality Mark (QM)
[ mat:

Blank (E)
Love-Precision {0}
Calculated (C)
Prototyping (P
Rietveld (R)
Hypothetical {H)

<
| N search

+s start

Periodic Tabls

Elements | Mames
Skatus
DNDt Prirnaty

Aleernate
Deleted

References | Structures | Miscellaneous
AmbientMon-ambient

[ Mot Ambient
Pressure (Mon-ambient)
Temperature (Mon-ambient)

Pressure & Temperature (Non-ambient)

SubfilefSubclass
[ Mat

--Batkery Material ~
~Cement Material
~Ceramics
- Common Phase
Education
Excipient
--Explosive
--Forensic

-Giank Magneth

L& L7

490 |2 922860 |2.611240

G0 [2.51T7F60 | 2.433300

oo {2.060000 |1 EE3000

oo fzEyioon 2191000

740 (2.924140 |2 E15480

Jd40[2.924140 |2.618480

P11 Pz did)

=

En)

~Inorganic
Intercalate
Tonic Conductar

-Metals & Alloys

=I-Mineral Related

=

+~Mon-ambient
LSynthetic
MES

pAaRine

esults[ Eundockpage ][ Reset Page ][ Reset all ]

Minerals
Selected
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Case 1l

Analysis of a Soil Specimen

Matches Fiter ~ Filker Description
{5ubfilefSubclass (Mineral)}
Select...
.
Experiment Lines {62 of 113) S I eve g u I C kI y
search Line(s):.& D1 Rangs:[12.997 - 13.597 |8 Rotation:[all | Exdif) W Ex1 | PLdE) P11 | Fzdf) Pz . oo
: Siwn 5 . identifies a blend
geleires 505747 |16 5.080000 |30
Search Windows 0,15 |° CEEWIEES B oA ¢ of azurite and
Search Method: Lowest Allowable GOM: +.98670 |3 4.950000 11
423743 |46 4.243520 |17
Wavelength:  |CuKal 1.540568 417163 |1 q ua rtZ
Fhases (3) 413950 |1
387711 |4 3860000 |3
# &| Accepted FDF # Compound Mame Ink. Ratio | Int, % Ijlc Tirne 373724 |1 3.800000 |7
(Copper Carbonate Hydroxide 368135 |2 3674000 |50
366139 |6
[ 355778 |3
I 352075 20 3.516000 (100

" Open Diffraction Patkern

¥a Open Diffraction Pattern with Experimental Data

Top data is the

Experiment. The bottom
graph is the identified

phases, plotted and

automatically scaled.

Alo

JJ& MMMMMJLJJJ Mwwtwww
A ol 5

N
25041 I T W TITmnm m m T T ITE WT T T T W L1 T I T T 1] T

10 15 2o 25 30 as <40 as so S5 &0 55 70 75
26

s0
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Analysis of a Pharmaceutical Tablet

Steps:
* |[mport Data
e Create d/I file for Sleve+
e Select a subfile
e Plot the results
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/ICDD: Case 2
Analysis of a Pharmaceutical Tablet

Similar to Case 1 — Import the raw data,
subtract background and find the peaks.

File Edit  Tools win

\ s (v
> HdY
&
& Sleve+ x 7 Ex|

File  Plot  Help

File  Edit
D L_J File Mame: iC:IDocuments and Settingsifawcett\DeskiopiLectures, WorkshopsiData Filesias Received Raw DatalBestz004udiMultivicamins! 1 0Hr _Centrum_Carb_Smart.udf

wWavelength:| Cu Kal 1,540568
Matches (1 L

GOM 7.000

2493 6.500
24495
2404 6,000
2494
2488 .
2487 5.000 Window Size:| 7 | Use Moise Limit {(92,16)

R,
i Intensity Limit: [ Derivative Limit:| [
< 4,500 nitensity Limi IDS oj etivative Limit:| 0.5 o

Show Peaks (Znd derivative)

5,500 Help

[#] Matches At [ Ok ]| Preview |[ Cancel ]

3,500
Select,

Experimen

3,000

2,500
Search Ling
2,000
Preference
1.500
Search Win

Search Met 1a0a

gt L_M.___J_JMI .,.,uu‘ A Lo L’M

T T T T TH TR aT LB

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 BOO B2S
28

][ Canicel ][ Advanced Mode ]

|5.14513

‘ T EIIT

» @ Sesrch _-‘. Reslts % -{Qality Mark (Sue|  EH STeve+ - (Untitld) | 24 piffva Data fro m a Ce nt ru m Ca rb S m a rt Ta b I et

| 1 2 windows Explorer "4 untitled - Pa
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Subfilefsubclass

[ ] Mot

+-_eramics

~Zommon Phase

-~ Education
xCipient

- Explosive

~fFarensic

--aiank Magneto Re

----- Inorganic

----- Inkercalate

----- Tonic Conduckor

-~ fletals & Alloys

—|-Mineral Related

~-Mineral

~(3Em
-Mon-ambient
E-----S*;.:'nlzhelzin:
MBS
—AZFganics

~Pigment

..... *harmaceutical <

Case 2

Analysis of a Pharmaceutical Tablet

.......

Select the Boolean “or”
operator by using the Ctrl
key and pressing “or”

Choose an appropriate subfile.
Here we choose excipients, which
are ingredients used in tablet
formulations, and we choose
pharmaceuticals to identify active
drug substances.
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Analysis of a Pharmaceutical Tablet

[] Matches Filker |

(o N

Experiment

M’ ast Searches

Mame Descripkion Hits Time
Search #1 {5ubfilefSubclass (Mineral Related)}: a
25,861  [10s =2
Search #2 {subfilefsubclass (Minerali)-
19,590 |3.3s
Search #3 {uality Mark (3tar (33 Or Indexed (I} And {5ubfile/Subclass (Mineral)t
10,162 |3s
Search #4 {uality Mark (Skar (3) Or Indexed (I And {Subfile/Subclass (Cement Material)}
10]a] 0.8s

{Subfilefsubclass (Excipient Or Pharmaceutical)}

[ oK H Cancel l

The prior search “activates” the select button on Sleve+ and now a subfile
containing pharmaceuticals and excipients can be searched.
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Analysis of a Pharmaceutical Tablet

H% |CDD DDView+ - PDF-4+ 2007 RDB

File Edit Tools “Window Help

UL

1 ~
& Sleve+ - (Untitled) =
File Edit Matches Phases Lines Help
BN ] 4 -4 f o .
BUSESBEHIQAnne )
Matches (112 of 3,822)
GO Rot, # FDF # Compound Mame Chemical Formula D1 Dz D3 D4 DS D& D7 D& I/Ic Pat, GOM | Integral I
~
3936 2 Calcium Hydrogen Phosphate CaHPO4 3360000 [2.850000 |2.760000 |2.720000 |2.230000 |2.500000 |3.110000 |1.540000 275 §.45 -
2694 3 Chlorproparnicle CI0H13 CIMN2 O3 5 TA952E0 | 4.545290 (4110600 |3.554130 | 44535690 |FATEVE0 |Z4B0170 |4 036ETED 259 2088
2E81 2 Calcium Hydrogen Phosphate CaHPO4 3AETEE0 |2.8EB0770 |2 8B&630 |2 717180 (2929480 |2 7E2700 [3.107930 [1.721740 |0.690000 283 9.13
2661 2 Calcium Hydrogen Phosphate CaHPO4 3.36TEE0 28950770 |2.868630 |2.717180 |5.336170 |2.929450 |2.7652700 |1.721740 |0.650000 285 9.04
2634 2 Hydrogen Calcium Phosphate HCa (P C4) 3.348940 | 3377460 |2.9B8460 |2968590 [2726ET0 |2.937430 |2.7499E50 [1.728310 |0.700000 2868 g.32
2464 2 Sodium Hydrogen Phosphate Hydrate Maz2 HP Q4.2 H2 O SAE0000 | 4.640000 |B.2850000 |2.871000 |&.420000 |5 260000 (2742000 |2 926000 272 10.01 hl
< | >
Matches Filker ~ Filker Descripkion
{5ubfilefSubclass (Excipient Or Pharmaceuticali}t
Select. ..
Experiment Lines (85 of 154)
Search Linefs D1 Range:|2.464 - 2 484 & Rotation:[all | Exd(f) W] ExI P1 d(f P11 P2 difi P21 P3 difi P31 P4 dii) P41 PS difi) pS
- 3.29670 a ~
rererenees 3.20071 |1 3.293220 |10
Search Windouw: ° Match wwindow: © 3.28574 |1 3.281000 [10
Search Method: Lowest Allowable GOM: 3.27386 2
3.26599 1
Wavelength:  |Cukal 1.540568 3.26109 |1
Phases (5) 5.17355 11 3.177000 (100
3.14245 100 3.145000 | 100
# &| Accepted PDF # Compound Mame Int, Ratio | Ink. %% I 312712 |2 3127430 |24 L
1 01-056-2334 | Calcium Carbonate 0.213 14 3.25 3.12265 2
2 04-002-5015 |Patassium Chloride 0.772 51 6.07 311818 |2 3.110000 |10
Calcium Hydrogen Phosphate 303155 |22 3.035070 [100 3.045430 |1
4 00-022-1660 |Ascarkic acid . 14 3.01732 |2 3.023000 |3
5 | [ |00-001-06853 [ Caleium Hydroxide Phosphate 0.085 [ >.o8438 |0 >.986020 |4
297219 = 2972000 |64 -
R —— e _—

Because of the targeted subset of 3,822 materials, the identification process is very
fast and highly targeted; multiple phases are quickly identified.




Case 2

Analysis of a Pharmaceutical Tablet

Edit Plots  ‘Window  Help

& B

4,750 1
<.,500 1
4,250

<.000

3,750

s ‘ Experimental Data
|

= | \ | | ™ I\L e

- 0SSP VTIPS PRV uﬂwwﬂwwm e M A A L

Sleve ldentification

1,250

2,000 A

2,750 1

2,500 4

1.000 A
750 4
500 4
250 4

a

B T e o g T e e

-500 4

10.0 12.5 15.0 17.5 20.0 225 250 27 .85 30.0 325 350 37.5 40.0 425 45.0 47 .5 50.0 52.
28

The identification finds Vitamins B and C in the tablet, as well as
KCl, CaC03, CaHPO4 and Iron Fumarate. These are plotted above
with the data deliberately offset to show each phase.

Further analyses (not shown) identifies ZnO, TiO2 and MgO.
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Case 4

Analysis of Concrete

Import data, remove background, find peaks — See 15t slide of Case 1.
Press “OK” data (d/I lists) automatically sent to Sleve+.

File Flot Help

File: Marne:

Wavelength!
3.500

3,250
3,000
2,750
2,500
2,250
2,000

1,750

Intensity

1,500

1,250

1.000

¥a0

S00

250

o

-250

g-C:'I,Documents and SettingstfawcettiDesktopiLectures, WorkshopsiData Files\As Received Raw DatalnRD2007Quikcrete, udf

|

ECu Kal 1.540565 |

Show Peaks (2nd derivative)

Help

Window Size:|7 v | [] Use Moise Limit {39,34)

Inkensity Limit:| 1 o | o j Derivative Limit:g_'i_Eg% j

[ oK ]| Preview |[ Cancel ]
T T T T T 1 ||||||||||||||||| I |||I1|||I T || 1 ||| i ] M I | | I
“ ”
o 5 10 15 20 25 30 a5 a0 a5 50 55 0 Data on powdered cement”.
28

[ o4 ][ Cancel ” Advanced Mode ]
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Subfilefsubclass

" cment Materisl
+|-Ceramics
-4Zommon Phase
-Education

- Excipient
—Explosive
~Forensic

----- Inarganic

----- Intercalate

----- Tonic Conduckor
~fetals & alloys
=I-Mineral Related

~-Giank Magneto Resistance

Case 4

Analysis of Concrete

Use the Boolean operator “or”
| () And

©0r s 10 include multiple subfiles. Use
the Ctrl key to select files.

Here, the appropriate search would be of
the Cement Material subfile combined

Se3Em
- Mon-ambient
é'""S':."I'IthEtil:

--Qrganics

with the Mineral subclass. The latter choice
would be to identify any mineral aggregates.

W

EUndnckPage H Reset Page ][ Reset All ]

This search produces ~20,000 materials for identification.
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@JCDD Case 4

Analysis of Concrete

% past Searches

Mame Descripkion
Search #2 {Subfilejsubclass (Mineral)}

Search #3 {0wality Mark (Skar (5) Or Indexed (10} And {SubfilefSubclass (Mineral);

Search 4 {Cwality Mark (Star (37 Or Indexed (1N} And {3ubfilef3ubclass (Cement Material)}

Search #5 {5ubfilejSubclass (Excipient Or Pharmaceuticallt

Search 26 {Subfilejsubclass (Cement Matetial Or Minerali:
I_|_| |_|_||:|
[ ] 4 H Zancel l

Select button on Sleve+ is active and the highlighted
search can be chosen for identification.
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Case 4

Analysis of Concrete

l 2L, I I
Experiment Lines (81 of 106}
Search Line(s)| 1.75336 + & D1 Range:|1.755 - 1,764 A Ratation: all | Exaify®| Ext | prdidy | pir | peaiiy | ez | prady | par | pediy | par | psdiia | P
Ercferames 2.625344 |3 26265810 |91
2.60%982 |2 2607970 |24 2.612390 |10
Search Window: ® fatch wWindow: ° sco391 s Z.cozo00 |ee
Search Method: Lowest Allowsble GOMi|s00 | 244529 |6 2,445600 |6 2,452920 |2
Wavelength: |c|_| kal 1.540568 | 2.43779 |3
239073 |1
Phases (2] 2.530499 |2 2.310930 |7 2.30586800 |7 2313260 (10
2.27047 |25 2.273210 |B
# &| Accepted POF # Compound MName Ik, Ratio | Ink, % [
; 226407 12
! ] ' . . 2.22818 |3 2.226940 |3 2.230510 |1
2 01-073-2077 Calc:fum S?fcate Chidle n.229 8 1.44 s1o093 1 s 187070 |6
3 01-081-1987 Calc:fum S?Ifcate Hydrate 0.555 20 1.28 s 176 & 2175750 |37
4 01-083-1921 | Calcium Silicate 0.07 3 1.6 s 16005 |5 s 167100 |5
h 04-006-5401 | Calcium Iron Owide 0.257 9 257 s15oi0 |z
3 00-034-0002 Calc:l.um S|I|c§te Hydrate 0.042 2 S 1553 |3 2151280 |5 Z153620 1
; m;gg;i; J:;Ju|m'murnS'lc'M:E0 id El:g js 0.74 2128 | 2126050 0
- sl =licale Leoe : : : 211871 |8 2117950 |+
9 |:| 00-043-0688 | Sodium Aluminum Silicate Hydroxide H... | 0.027 1 s 11316 |5 s 107050 |a
2.09679 |2 21005810 |5

Sleve results match multiple phases of
calcium silicates and hydration products.
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Case 4

Analysis of Concrete

‘ !“"‘ H Experimental Data
|
1

ﬁ | ] ‘H ]l

I‘ i i ‘ | | | !
bartr u"’ !(‘J || I' |\J '*rl\"l {mﬂu)k&m ’LI ML e -uh"| I-u-[r “’""u».m.ﬂ'l qu. -f l'*maemd.-itlwwfﬂ\n%m"“\ﬁj IM‘J j
| Sleve+ ldentification

b thhh M

30.0 350 40.0 az.5 450 475 s0.0 525 s5.0

The phase identification process identifies SiO2 (quartz) and
the CS, C2S, C3S phases of calcium silicate, as well as
monohydrates of CS and C2S. The quartz phase (blue) is
oriented resulting in some intensity mismatch.




Conclusions

Coupling viewing (DDView and DDView+)
software with identification software
(Sleve and Sleve+) can reduce speed and
increase efficiency of material
identification processes.

Any search process (>40 searches in both
PDF-2 and PDF-4+) can be used as well as
combined searches.



D.

Note to Users

Editorial work done to improve subfile content, nomenclature,
and classification systems in the Powder Diffraction File

all act to improve the accuracy and efficiency of identification
processes.

Each vendor has an ability to use all or a select subset of
searches in their proprietary viewing software. This frequently
reduces the number of available searches and often improves
speed. As a result, some of the searches demonstrated in this
tutorial may not be provided in your vendor software.
However, if they are provided, then they should be both fast
and accurate.

Major upgrades to subfile contents were made for Release 2007,
adding more high quality data to each subfile.



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

International Centre for Diffraction Data
12 Campus Boulevard
Newtown Square, PA 19073
Phone: 610.325.9814
Fax: 610.325.9823


http://www.icdd.com/
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