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Molecular Graphics
What?

PDF 00-057-0248
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A microporous
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N,CeH, In the
pores

PDF-4 products contain data sets with atomic coordinates.

Two molecular graphic packages embedded in the product

allows molecules to be displayed (above). Data can also be
exported for use in other graphics utility programs.



\',.\IQT.. Molecular Graphics
Why?

Through the use of molecular graphics, molecules can be visualized
and examined for their conformation. This is important in
understanding how materials react and interact.

The particular molecular graphics package employed in PDF-4 was
originally developed by a team at Crystal Impact, as part of the Linus
Pauling Project, headed by Dr. Pierre Villars, President of Material
Phases Data System (MPDS). This package also examines the
“atomic environment” around each atom as a means of studying
molecular “building blocks” and determining structural prototypes.
This graphic package is explained in this tutorial.

In PDF-4 Release 2011, a second graphics package was added
called Jmol ( ). This package can plot multiple unit cells,
autorotate the molecules, and express the molecules as polyhedra.
This graphics package is explained in the tutorial “Use 3D Structure
Capabilities”.


http://www.jmol.org/
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How?

PDF 04-007-8587, Cryolite

POF | Expetimental | Physical | Crystal | Opkical | Structure | Miscellaneous | Comments

Site Occupancy
Factor (SOF)

\

Akomic Coordinates (4]

TF Type: % | | akom| Mum | Wyckoff | Symmetry ® ¥ z SOF ‘—( SET
F 1 2de 4rm.m 0.21 0.o 0.0 1.0 1#a
Ma 2 il -43m 0.25 0.25 0.25 1.0 12-b
ey Ma (3 |46 m-3m 0.5 0.5 0.5 1.0 £-3
4 -3 0.0 0.0 0.0 b-a |
S0 Symmetry Operaktors (43 Anisakropic Temperature Fackars (00
Seq Operakor
2 e
2 -EY 2
3 Y w
Cryskal (Symmetry Allowed): §entrosymmetric Te m pe ra.tu re
Factors
ITF = Isotropic
Symmetry Operators (shown)
Table provided
: Atomic Coordinates for anisotropic
Molecular graphics are calculated from Symmetry factors
the atomic parameters and symmetry Wyckoff Notation
operators shown in the Structure tab of a Atom Designations
PDF Card. The unit cell parameters in the
Crystal tab are also used.




Cross References

File Edit d-Spacings Tools Window Help

5| @6 20 ¥ (= P @ 9

d-Spacings
Wavelength [ Fixed Slit Intensity M
Cu Kal 1.540564 -
26 d(&) I |h|k|I[|= 750
A 18.1225 [4.890970 (100 [ 2] 1 |1 =]
- o - 2 500
. 209549 (4235840 |3 2 i 5
. . 234618 (3788600 |6 3[1]0 5
¥'| Fixed Slit Intensity 278386 |3202100 |13 | 3| 2 | 1 2et
Variable Slit Intensity 29.8035 (2995300 (28 |4 |0 |0 L A .
. N " N . . i
Integrated Intensity 33.4206 |2.678930 % | 4 0 N I AT
Diffraction Patterns 361005 |2.554470 4 3032 0 20 30 40 S0 60 Y0 80 80 100
7| Simulated Profile 367165 |2.445660 |37 | 4 2 v e
Raw Diffraction Data (PD3) 4 I ¢ ‘7 00-045-1882 (Fixed Slit Intensity) — 00- (Experimental)
| PDFl Experimentall Physicall Crystall Opticall Structure | Miscellaneous ‘ Referencesl Comments‘
Subfiles: Cement and Hydration Product, Deleted Pattern, Incrganic / Cross-References (5)
. 00-025-0394 (Deleted)
FIMET A2 £ / 01-087-2492 (Primary)
Prototype Structure / ¥ 04-009-0949 (Alternate)
Structure: / ¥ 04-009-1978 (Primary)
(Alpha Order): ¥ 04-009-2405 (Alternate)

LPF Structure:
(Alpha Order):

Classification

Mineral Class:| | Zeolite Class:|

Pearson Symbol Code CAS History

Code:|cl120.00 | Code w/o H: Entry Date:

Some entries, especially those from powder data, may not have atomic coordinates
under the Structure Tab. In the Miscellaneous Tab of every entry, cross references where
the formula and unit cells match the entry, are listed. The entries with atomic coordinates
are listed with a check mark. To find the appropriate set of atomic coordinates just
double click on the entry number.




Getting Started

To display molecules and atomic environments, you need to have atomic
parameters, space groups and a unit cell. Space groups and unit cells are
published for most data in the PDF. In PDF-4+, Web PDF-4 and PDF-
4/Minerals the majority of entries have atomic coordinates or cross
referenced atomic coordinates. In PDF-4/Organics >30,000 entries have
atomic coordinates.

Data Sources for the PDF

Coordinates in

Source of Data the PDF-4 Reference* PDE-4+ contains over
200,000 entries with

LPF Yes, All Data Yes atomic coordinate sets or

ICSD Select data Yes direct cross references to

CSD Select data Yes atomic coordinate sets.

ICDD Select data Yes

NIST Majority Yes

* All references contain both a reference to the single
crystal source data (ICSD, NIST, CSD, LPF) and a primary
literature reference.



Finding Entries with
Atomic Coordinates

Go to the main
Search page

Global Operatar  Numeric Input  Help

Subfiles/Database Filkers | periodic Table | Elements | Names | Referenc iscellanenus

Database Status AmbientMon-ambisnt

[ ] Mot [Ambient

qay [ Mat |Primary
ICSD-FIZ (01) Alcernate

Pressure (Mon-ambient)
Cambridge (02} Deleted Temperature {Mon-ambisnk)
HIST (03

Pressure & Temperature (Mon-ambient) C | i C k S e arC h
on the toolbar

LPF (04) Click on the
Structure tab

Quiality Mark (k)

[ Mt [Star (S}
Indexed (1) Subfiles/Database Filkers | Periodic Table | Elements | Mames
Blank ()
Lows-Precision (O
Calculated (C)
Prototyping (P}

Global Operator  Mumeric Input Help

References | Structures

{Pearsan Symbol Code || Author's Cell | Crystal Data | Reduced Cel Has &tomic Coardinates

Pearson Symbol Code (Pearson)

[]wes [ Mo

Rietveld (R)
X ot Contains Exacthy wiH wioH
Hypothetical {(H) o © O © O
Construck Pearson Symbal Code
Crystal Symmetry Lattice Centering U S e th e
[ Mat ; -
Anarthic Primitive
Monoclinic End-Centered 1] M
Orthorhombic Body-Centered I I aS Ato I I l I C
Abomn Count: ko
Tetragonal Face-Centered
Hezcagonal Rhombohedral C d H t ”
ot o oordinates
Authar-Defined Space Group (SPGR) International Space Group Mumber (SG #) S e arC h
[ & 5ed [Imat (%) Contains () Exactly [Imot (%) Exactly
Author-Defined Aspect Symbol Crystal (Symmetry Allowed)
[Imat (33 Contains () Exactly [IMot | +~Centrosymmetric -
# Nomcenrosymmeiric IS Searcn can obe
Prokobype Structure

[IMat (&) Contains Elements () Contains Phrase

— combined with any
LPF Protokype Struckure Has Atomic Coordinates

[Imat (%) Contains Elements () Contains Phrase [es [Jno Ot h e r Se arC h
.
Show Results
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Finding Entries with
Atomic Coordinates

Subfilefsubclass

T XLIHIETI

-Explosive

~-Farensic

--aiank Magneto Resistance

[] Mot

Inarganic
Intercalate
Tonic Conduckar

-Metals & olloys

-Mon-ambignk
~Synthekic

MBS
--Jrganics
~Pharmaceutical
- Pigment

- Polymer

-Superconducking Materials

Has Akomic Coordinates

Yes [ Mo

Filz Edit Fields

YR R

& Results - {Sub 3'e/Subclass (Zeolite...
REsults

A search of zeolites having atomic
coordinates finds 436 entries.

Indexing Help

Zai

Resulks (436 of 272,232}

Search Preference Set: | ICDD Defaulks

FDF # oM & Chemical Farmula Compound Marne Commaon Mame
01-056-1539 |5 TH7.72 {Be24 Az24 Q96 ) Thalliurn Berylliumn Arsenzte Rha, thallium sodiumm Py
01-059-1239 |= LiZn (P C4){H2O) Lithiur Zinc Phosphate Hydrate B-Li 2n P Q43 {H2 O, lithium Zinc
01-059-1349 |5 {50272 Silicon Cwide ITa-1
01-059-3234 |5 TIG § & 50436 Thalliuen Auminum Silicate hexathallium
04-007-2116 |5 Sio2 Silicon Cxide Moganite M
04-007-2665 |5 Cs Al 52 06 Cesium Auminutn Silicate Pollucite, Caesium tecto-alumodisiicate  [po
04-007-3040 |5 Lid Bed { P O433 Lithiurn Beryllium Phosphide Oxide tetralithiurm chlorice
04-007-3041 |5 Lid Bed {as 0433 Cl Lithiurn Beryllium Arsenic Owide Chloride [tetralithiuem chioride
04-009-2249 |5 Mad alb {50436 CI2 Sodium Aluminuim Silicate Chlarice Sodalite, octasadium =0
04-009-3326 |5 DE.5 Cs53 K1.35 AM0.85 5i37.15 096 Deuterium Cesium Potassiun auminum | Zk-5, (0,05, k)
04-009-3576 |5 Fell{P 04O Iran Alurminum Phosphate Oxide Unnamed zealite, syt
04-009-4300 |5 Mad 2l Geb Bri1.5 024 { O H 0.5 Sodium sluminum Germaniutn Bromine | Sodalite, (GeBr) =0
04-009-5260 |5 Mab al6 {50436 Sodium Aluminum Silicate hexasodium tectohexaaiumohesasilicate |so
04-009-5259 |5 Mad alb {50436 CI2 Sodium Aluminuim Silicate Chlarice Sodalite:
04-009-5967 |5 Cs2 Ti Si6 015 Cesium Titanium Silicon Oxide Cesiutn silicotitanate, dicesium
04-009-7725 |5 LiAl{5io4) Lithiurn 2lurminum Silicate lithiutn tecto-alumosilicate, w-Li & { Si O4 |eu
04-009-3641 |5 AL128.4 Ceb Snb.4 Sold Cerivtn Tin Fealite ¥, (Fb) £

<

Search Description

{5ubfile/Subclass (Zealite)}: And {Has Atomic Coordinates}

Calculations

Mean:

Median: ESD:
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Finding Entries with Atomic

Has Akomic Coordinates

Yes [ Mo

=)

Coordinates

Has Atomic Coordinates {Coords)

V' | Yes |+ | Include Cross-Referenced Entries
Mo

In recent years, the box on the left has been replaced with the box on
the right. In PDF-4+, the >160,000 entries with atomic coordinates are
supplemented by another >40,000 entries with cross references.



¢ ICDD: Molecular Graphics
From an Entry

® PDF Card - 04-010-2030

File Edit d-3pacings
2%
d-Spacings :*:u -
Wavelength [ Fized Slit Intensity 1 00 ol
Cukal 1540868 v 8 i) 1 Tnlel -
et 7.2067 |12.256000 (898 |1 |0 |0 |a|
10,1956 [8.666300 (299 |1 |1 |0 ,E 500
Fixed 5lit 12,499 |7.078000 7 1 /11 )1 -
14,4422 |6, 128000 1y |z |0 |0 Al
D Variahle slik 16,1576 |5.431050 467 (2 |1 |0 1 1 .
7t s 5 |2 1 N From the previous search
I:‘ Irkegrated 20,4791 |4,333150 39 2 |2 |0 28 )
21,7361 |4.085330 |26 |3 |0 |0 | —04.010-2030 (Fixed Slit Intensity) we Selected ZeOI Ite A, PDF
POF | Experimental | Physical | Crystal | Optical | Struckure | Miscellaneous | Comments 04-0 10'2030 .
PDF #:04-010-2030 Skatus: Primary M:|Skar (3)
Pressure Temperature: Armbient
Cherical Farmula: H Cs3 Mad AlLZ Silz 043 T he tOOI bar at th e top Of the
Weight %:(Al16.09 Cs19.81 H0,05 Na9. 14 038,16 516,75 e ntry CcO nta| ns Several g rap h | CS
Akomic % Al14,29 C53,57 H1,19 Na9,52 057,14 5i14,29 Optl O nS .
ARR:
Carnpound Mame: Hydrogen Cesium Sadium Aluminum Silicon Oxide . .
Selecting results in the

Miretal Marne
Cornrmon Mame:| Zeclite &, {Ma, Cs,H)y

molecular graphic menus.



Selection of the Graphics Program

The automatic molecular graphics default program is Jmol. To select another

program, click the preferences menu on any entry.

Wavelength
Cu Kal 1.54056A A
Display
| Show Fixed Slit Intensity Stick Pattern | Show Simulated Profile
Show Variable Slit Intensity Stick Pattern | Show Raw Diffraction Data (PD3)
Show Integrated Intensity Stick Pattern Show All SG Symmetry Operators
Report

Report Style: Short «

Show empty report data

| Sync PDF Cards with selected tab
drop down menu.

30 Structure Viewer: ICDD

Then select ICDD or Jmol
3D Structure Viewer from the




Display Options @ %

thumbnails — in the product, double click for full scale

The Display options include:

1) unit cell — top row left

2) 2D cell projections — top row

3) atomic environments — middle and
bottom row




* Mo Tracking
Fokate along =M-Axes
Rokate along Z-&xis
Shift
Enlargement Factor

2% Thumnbnails View

3

WAl v Automatic Adjuskment

Pickure Settings...

Reset Pickure

L -

Right Click youmouse
for the display window
showing display options.

-.stan . ® @ & 7 | @ LPOF Tutorials).., | 55 1CDD DDView+ - ... A 4 browser




Replace atom
labels with
Wyckoff labels
and color codes




This rotating display was made
by exporting molecular graphics,
taken at various rotation angles
(shown in the previous slides),
and importing the data into
Adobe® Photoshope.
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Distributor Software

ICDD works with software distributors of many of the worlds’ molecular
graphics programs to provide enhanced molecular displays.

The distributors work with data tables of atomic coordinates, unit cell
parameters, temperature factors, space groups and symmetry
operators contained within the PDF-4 so that data are automatically
entered into their molecular display programs.

The ICDD also works with many software developers and instrument
manufacturers who produce molecular refinement programs (i.e.,
Rietveld Analyses). These programs export atomic coordinates

for both refinement and molecular display.

In general, these programs offer tremendous convenience and speed
since the user does not have to provide export/import.



# ICDD;, :
= How to Export — xml Files

® PDF Card - 04-010-2030 - |[B]X]
§l=M Edit d-Spacings Tools Wwindow  Help

Kl save Graph... rEn
== T

B Sawve POF Card... Chrl+5

“a Print Graph...

= Print Preview FDF Card... Ctrl+p it Intensity I {
Close N 1 [h k[ =l
Pm— 7.2067 |12.2568Q0 (698 (1 0 [0 |A E |
10.1336 |8.6663008 (999 |1 1 |D % fin |
[¥] Fixed Slit 12499 (7076000 SN 1 |1 [1 =
[] Yariable Slit
[ ] Integrated My Computer
:_.’} File namme: DF Card - 04-010-2030
Py Mebwork,
Places Files of bype: | 1CDD XML (%, i)
Atom Num Wyckoff Symmetry x y z SOF ITF AET
0] 1 24m ..m 0.11190.1119 0.3393 1.0 2#a
0] 2 12i m.m2 0.0 0.2944 0.2944 1.0 2#a
Atomic Si 3 24k m. 00 018320371 0.5 4-a
Coordinates O 4 12h mm?2.. 0.0 0.2228 0.5 1.0 2#a
Na 5 8g 3m 0.20250.2025|0.2025 1.0 3#a
Cs 6 3c 4/mm. 0.0 0.5 0.5 1.0 8#n
Al 7 24k m.. 0.0 0.18320.371 0.5 4-a




2 ﬁ ]

PDF Number 04-010-2030 Status Primary Quality Mark Star (S)
Pressure/Temperature Ambient
Chemical Formula H Cs3 Na8 All2 Sil2 048

Weight % All6.09 Cs19 81 HO.O05 Na9. 14 O38.16 Sil6.75
Atomic Yo Al14.29 Cs3 57 H1.19 Na% 52 05714 5i14 29
Compound Name Hydrogen Cesium Sodium Aluminum Silicon Oxide |n the Xml “Card” format, a” data
ANX
Mineral Name are exported. This includes
— = = [ ssmis o memw e | fOrmula, nomenclature, atomic
E::::a 1.5406 Calculated Calculated  4.01 Coordinates, aniSOtrOpiC
Experimental  Diameter MO - . temperature factors, references,
"Crystal Structures of Encapsulates within Zeolites. 1. Krypton in Zeolite A". Heo N.H.. Cho )
Il{ji_KﬁnJ_Tch&"K_J_Phys_ Chem. 98, 13328 (1994). Calculated from LPF using POWD- CommentS, etC, as Shown N the
Atom Num ATF11 ATF22 ATF33 ATFI2 ATFI3 ATF23 boxes on the left.
O 1 228326228326 222318 0.270386 0.090129 0.090129
- q 2 4.14593 1_4:4205 1.44206 0.0 0.0 0.841205 It also displays a fuIIy indexed
L Si 3 132189 1.14163 0.721031 0.0 0.0 0.210301 diffraction pattern (not ShOWI’]).
Factors O 4 348498 306438 1.14163 0.0 0.0 0.0
Na 5  3.54507 3.54507 3.54507 2.07296 2.07296 2.07296
Cs 6 6.72962 498713 498713 0.0 0.0 0.0
Atom Num Wyckoff Symmetry x y z SOF ITF AET
O 1 24m .m 0.111910.1119 0.3393 1.0 2#a
o 2 12 mm2 0.0  0.2944 0.2944 1.0 2#a
Atomic Si 3 24k m. 0.0 0.18320.371 05 4-a
Coordinates O 4 12h mm2. 00 0222805 1.0 2#a
Na 5 8g 3m 0.2025 0.2025 0.2025 1.0 3#a
Cs 6 3c 4mm. 0.0 05 05 1.0 8#n
Al 7 24k  m. 0.0 0.18320.371 0.5 4-a
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® PDF Card - 04-010-2030

File Edit d-3pacings Tools

lél j‘ =

d-Spacings
W' avelength
Cukal 1.540564 w

Inktensity
Fixed slit

[] variable slit

[]Integrated

How to Export —
CIF, JPG, CSV Files

[ Fized Slit Intensity

2A did) I |h|k|I
7.2067 (12256000 (595 |1 |0 (O A %‘
10,1936 |8.666300 (299 |1 |1 |0 ,E
12,499 |7.076000 7 1 /11 )1 -
14,4422 |6,128000 117 |2 (o |0
16,1576 |5.431050 467 (2 |1 |0
17,7116 |5.003490 3 2 1 1
20,4791 |4,333150 39 2 |2 |0
21.7361 |4,085330 26 3 |0 (o -

1000
760 <
00 |

240

—04-010-2030 (Fixed Slit Intensity)

100

POF | Experimental | Physical | Crystal | Optical | Struckure | Miscellaneous | Comments

POF #:04-010-20:30

PressurefTemperature; Ambient

Cherical Farmula: H Cs3 Mad AlLZ Silz 043

Skatus: Primary

Weight %:Al16.09 Cs19,81 HO.05 Nad, 14 038,16 516,75

Abomic %:|Al14,29 Cs3.57 H1,19 Na9.52 057,14 5i14.29

ALK

Carnpound Mame: Hydrogen Cesium Sadium Aluminum Silicon Oxide

Miretal Marne:

Cornrmon Mame:| Zeclite &, {Ma, Cs,H)y

M:|Skar (3)

Same Zeolite A entry
displayed on earlier slides.

Go to the Toolbar

Click on Diffraction Pattern
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& 1CDD: How to Export —
CIF, JPG, CSV Files

%% Diffraction Pattern - 04-010-2030 (Calculated)
FE8 Edit Plots  Window  Help

The program will calculate and display

Chri+p a digital diffraction pattern. This pattern

. Print...

Close . . .
— with atomic parameters and unit cell data
700 - can be saved to an export file. —

GO0 1

500 A

JPEG i*.jpg)
iZIF (28, I pairs) (*.cif)

iZIF (I, 10 per record) (%, cif)
ICDD Delimited texk (*.osw)
ICDD Formatked text O, prnd
TCOD XML (2, xml)

iZIF (28, I pairs) (*.cif)

Intensity

In this example, we are exporting the data in a CIF (2 theta, I) format. |
The CIF format is used by a wide variety of software programs.
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& 1CDD: Export/Import

The next three slides are meant to demonstrate how PDF-4+ data
can be imported into common molecular visualization programs.

The programs selected are the proprietary software products

of ICDD’s database partners. Examples are shown to display

a few select capabilities, each program has a large number of
display options.
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Importing CIF Files

somenon PDF-44 data file imported into Mercury. Mercury is a freeware program
produced by the CCDC, and used with the CSD.

http://www.ccdc.cam.ac.uk/products/mercury

Packing

Ball and Stick Multiple Unit Cells


http://www.ccdc.cam.ac.uk/products/mercury/

Importing CIF files

PDF-4+ data file imported into Visualize. Visualize is a program
produced by FIZ/NIST for the ICSD.

Space Fill Model

VRML Model




Same Structure Viewed with
Pearson’s Crystal Data

Molecular Visualization Software
Note: This uses the PDF-4+ cross reference.

Wireframe

All Wire

Space
Filling




Editing and
Molecular Visualization

Historically, many databases have faced issues displaying
molecular structures. The primary issue has been the lack of
uniform conventions and the back-application of recent conventions
to historic data.

|ICDD Editors:

Standardize all unit cell settings

Convert non-standard space groups

Check and test that the appropriate temperature
factors are applied from the literature

Analyze for correct bond angles and distance

Check for non-positive temperature factors

Ensure that the physical properties match the stated
chemistry and crystallography

Apply a quality evaluation system to all entries,
including historic data, and publish the results in
the comment sections of each entry.
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" INTERNATIONAL CENTRE FOR DIFFRACTION DATA

Thank you for viewing our tutorial.

Additional tutorials are available at the ICDD
web site ( ).

International Centre for Diffraction Data
12 Campus Boulevard
Newtown Square, PA 19073
Phone: 610.325.9814
Toll Free Number in US & Canada: 866.378.0331
Fax: 610.325.9823


http://www.icdd.com/

