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ICSD at a glance
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> 242,000 records

>43,000 
Metals/Alloys

> 11,000
Minerals

> 19,000 
theoretical
structures

>22,000 Metal-organic structures

>216,000 fully 
determined 
structures

>26,000 
derived 

coordinates

> 9,700 
structure 

Types

>175,000 
assigned to 
structure 

types



Accessing ICSD Web/API
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Authentication methods:

 LoginID/Password

 Single user

 Multiple users

(2-4 users)

 API access



Accessing ICSD Web/API
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Authentication methods:

 IP authentication

 only for campus/site licenses

 Personalized

login/password

allows to store private settings



ICSD - Main interface
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Division of the ICSD interface:

 Header

 Content selection

 Search mask navigation

 Basic/Advanced search

 Query management

 Active search mask

 Query handling

 Results (# of hits)

 Query history (last 30 queries)
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ICSD – Different types of search fields
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Different types of search fields:

 Numerical fields

 Ranges allowed: -, <, >

 Alphanumerical fields

 Wildcards: *, #

 Phrase: ″ ″

 Dropdown fields

 Checkboxes

 Command line (Expert search)



ICSD – Basic search mask
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Basic search mask:

 Mask is handled separately

from advanced search masks

 Switching from/to this mask

transfers query options

 Covers most frequently used

fields from advanced

search masks

 „General attributes“ (Search 

through all text fields in ICSD)

 „Cell parameters“ expects all 

6 parameters



ICSD – Advanced search mask - Bibliography

25th IUCr congress: Joint Workshop for CSD and ICSD, Dr. Stephan Rühl, FIZ Karlsruhe14

 Details of the reference

 Abstracts 

 only for newer entries

(>=2016)

 not for all journals

 Keywords 

 only for newer entries

(>=2017)

 not the keywords from the

publications)



ICSD – Advanced search mask - Cell
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 Cell related search parameter

 Option to reduce the cell

parameter

 Cell parameter can be:

 experimental cell

 standardized cell

 reduced cell



ICSD – Advanced search mask - Chemistry
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 Search fields related to the

chemistry

 Composition (periodic table):

 may contain stoichiometric

coefficients and/or

oxidation states

(e.g. O:3:4:-2:0)

 Elements in brackets means

one of them (OR)

 Hyphen before an element

excludes it (NOT)



ICSD – Advanced search mask – Chemistry / Periodic Table
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 Can be used instead of typing

in the composition field. 

Allows selecting:

 Elements

 Groups (LIG, BEG, SCG, …)

 Periods (1PE, 2PE, 3PE, …)

 Special groups like

 Metals (MET), Transition-

Metals (TME), Non-Metals

(NME), Lanthanoids (LAN), 

Actiniods (ACT)



ICSD – Advanced search mask - Chemistry
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 Chemical names are not IUPAC 

conform, best to use this only

to identify groups (e.g. sulfate, 

phosphate, …)

 Mineral names are not IMA 

approved names, but this will 

be added continuously

 ANX formula and AB formula

very similar (AB takes H into

account and does not use

predefined letters for cations, 

anions or neutral atom types)



ICSD – Rules to determine ANX formulae
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 H is not taken into account, coordinates for all other atoms must be determined.

 Different atom types on the same position are treated as one single atom type (highest site occupation 

factor SOF). If the SOFs are equal, the first atom type is the relevant atom type. 

Exception: anions and cations occupying the same site will not be treated as one atom type.

 All sites occupied by the same atom type are combined unless the oxidation state is different.

 For each atom type the multiplicities are multiplied by the SOFs and the products are added. The sums 

are rounded and divided by the greatest common divisor. If necessary, all sums are being multiplied by 

a common factor so that the smallest sum is equal to 1.0.

 Cations are assigned the symbols A–M, neutral atoms N–R and anions are assigned X, Y, Z, S–W.

 The symbols are sorted alphabetically with ascending indices: AB2X4, not A2BX4.

 All ANX formulae with more than 4 cation symbols, 3 neutral symbols or 3 anion symbols are deleted.



ICSD – Advanced search mask - Symmetry
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 Search fields related to the

symmetry

 Only experimental cell is

covered

 Wyckoff Sequence does not 

handle a blank as a string

separator



ICSD – Advanced search mask – Crystal Chemistry
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 Interatomic distances

 can include oxidation states

 Minimum distances

 Similar to interatomic

distances, but only the

smallest distance is used

 Some classification of entries:

 Mineral

 Structure type (assigned)

 Structure type prototype



ICSD – Advanced search mask – Structure type
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 Two ways to search for

structure types

 Direct search for the type

 Search for the main

descriptors for the structure

type

 Space Group

 Wyckoff Sequence

 Pearson Symbol

 ANX formula

 A detailed list of all structure types can be found under the link provided on the 

search mask.



ICSD – Advanced search mask – Experimental information
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 Search fields related to the

data collection and

refinement

 Radiation type

 Sample type

 Temperature/pressure

 Other information



ICSD – Advanced search mask – DB info
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 Database-related information

 Collection code (identifier)

 Release tag (release version)

 Recording date

 Modification date (last mod) 



ICSD – Advanced search mask – Expert search

25th IUCr congress: Joint Workshop for CSD and ICSD, Dr. Stephan Rühl, FIZ Karlsruhe25

 Command line to search the

ICSD (43 search fields are

covered)

 Allows combining searches

using

 Boolean operators

(AND, OR, NOT) 

 Brackets



ICSD – Query Management – Manage Queries
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 Shows the queries from the

Query History (last 30 queries) 

and already stored queries

 Allows to

 Load query (into the search masks)

 Run query (first query is

loaded into search mask)

 Save/delete selected

queries



ICSD – Query Management – List Combined Queries
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 Shows more details on the

stored combined queries

 Load/run the query

 Info includes

 Used queries

 details for Basic / Advanced

 Combined queries only

provide info on basic and advanced

queries used

 Boolean operators used



ICSD – Query Management – List Combined Queries
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 Shows more details on the

stored combined queries

 Load/run the query

 Info includes

 Used queries

 details for Basic / Advanced

 Combined queries only

provide info on basic and advanced

queries used

 Boolean operators used



ICSD – Query Management – Create Combined Queries
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 Easy way to combine queries

(point and click)

 Possible boolean operators:

 AND, OR, NOT

 Basic, advanced and

combined queries can

be used

Tipp: Provide a meaningful

name for combined queries



ICSD – Example: high temperature superconductors
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Interest: high temperature

superconducting ceramics

 First known:  Ba2Cu3LaO7 

(1986)

 Better Tc (~90k): YBa2Cu3O7−x >

(1987)



ICSD – Example: high temperature superconductors - Results
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Result list



ICSD – Example: high temperature superconductors - Results
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Result list:

Sorted by

publication

year



ICSD – Example: high temperature superconductors - Results
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Result list:

Column

selection



ICSD – Example: high temperature superconductors - Results
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Result list:

Filter 

options



ICSD – Example: high temperature superconductors - Results
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Result list:

Export data

-> CSV file



ICSD – Example: high temperature superconductors – External analysis
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ICSD – Example: high temperature superconductors – External analysis
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0 20 40 60 80 100 120 140 160

YBa2Cu3O6+x(orh,oP13)

YBa2Cu3O7(tet)(distorted)

YBa2Cu3O7(tet)

Ba2CuHgO4+x

YBa2Cu3O7-x(tet)

Sr2Cu2GdRu2O8#Ba2CuLaTaO8

Sr2Cu2(Cu0.75V0.25)(Y1.3Ce0.7)O8.77

ThCr2Si2#CeAl2Ga2#BaAl4

YBa2Cu4O8

FeSe#PbO

Pu2C3#Rb4O6

ZrCuSiAs#CuHfSi2

Ba2Ca2Cu3HgO8.44

Y2Ba4Cu7O14.6

SrLa2Cu2O6

TlFe3Te3

Ba2Ca2Cu3TlO9

CuNd2O4

LaFe4P12

Most common structure types for search „superconductor“125 structure

types with less

than 10 entries

left out



ICSD – Example: high temperature superconductors - Results
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Result list:

Sorted by

structure

type



ICSD – Example: high temperature superconductors - Results
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Comparison of two structures

(with different structure types):

 Pmmm:

Alternating O position below and above

the plane of 4 Cu atoms -> 2-fold symmetry

 P4/mmm:

All 4 O atoms above/below the plane of

4 Cu atoms -> 4-fold symmetry



ICSD – Example: high temperature superconductors - Results
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Comparison of the two simulated powder

patterns for the structures

 side-by-side view



ICSD – Example: high temperature superconductors - Results

25th IUCr congress: Joint Workshop for CSD and ICSD, Dr. Stephan Rühl, FIZ Karlsruhe41

Comparison of the two simulated powder

patterns for the structures

 staggered view



ICSD – Example: high temperature superconductors
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Entries in 
structure types

common for
superconductors

(1808)

Known
superconductors

in ICSD (941)



ICSD – Example: high temperature superconductors – New search
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Structure type search for YBaCu*

(most common structure types

for superconductors)



ICSD – Example: high temperature superconductors – Combine searches
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Manage Queries shows the two

queries from the Query History



ICSD – Example: high temperature superconductors – Combine searches
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Combining previous two queries

to get the entries that are

potential superconductors:

Note: The first query can either

be moved to the AND or the OR 

area, because there is only one

query to used.



ICSD – Example: high temperature superconductors – Combine searches
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Combining previous two queries

to get the entries that are

potential superconductors:

The second query must be added

to the NOT area.



ICSD – Example: high temperature superconductors – Exclude Y
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Now lets suppose we do not want

compounds with Yttrium, as these are

already well studied Known 
superconductors in 

ICSD (941)

Entries in structure
types common for
superconductors

(1808)

Potential entries
without Y



ICSD – Example: high temperature superconductors – Expert Search
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Using the Expert Search Mask

Note: This search is also 

available for the ICSD API



ICSD – Example: high temperature superconductors – Final result
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Result list



ICSD – Detailed View - Summary
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Detailed Information for an entry:

 Summary

 Visualization

 Published/Standardized

Crystal Structure Data

 Distances and Angles

 Bibliography

 Experimental information

 Additional information

 Compare Publ./Standard. 

Structure



ICSD – Detailed View - Visualization
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Pictures of:

 Crystal structure

 Simulated powder pattern

Interactive Visualization available

with many options to customize it



ICSD – Detailed View - Chemistry
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Information on the Chemistry:

 Structured formula provides

the formula split up into

cations and anions

 Mineral name/group infromation may be found here

 Chemical names are not necessarily IUPAC names - can be used to search for

complex anions



ICSD – Detailed View – Published structure
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Crystallographic information for

the published structure

Additional information:

 Pearson Symbol

 Wyckoff Sequence

 Axis ratios

 Structure type



ICSD – Detailed View – Standardized structure
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Crystallographic information for

the standardized structure

Additional information:

 standardization



ICSD – Detailed View – Distances and Angles
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Option to calculate distances and

angles:

 Based on elements

 Based on atomic positions

Histograms for distances across

e whole database



ICSD – Detailed View – Bibliography, Experimental/Additional Information
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Bibliographic information may

include abstracts for newer

entries (since 2016)

PDF numbers only available for a 

small amount of entries

Remarks/Comments can contain

valuable additional information



ICSD – Detailed View – Compare published/standardized structure
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Pictures of the published and the

standardized structure

Interactive view is also available



ICSD – Detailed View – Compare published/standardized structure
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Interactive view of the published

and standardized structure

Visualization can be adjusted as

for single structures



ICSD – API (documentation/test)
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Intended for projects that require

large amounts of data (no limit to

CIFdownload).

Can/Should be accessed via client

application. E.g. Rigaku is

currently working on integrating

it into their software. 

Python clients:

https://github.com/lrcfmd/ICSDClient

https://github.com/simonverret/

materials_data_api_scripts

https://github.com/lrcfmd/ICSDClient
https://github.com/simonverret/materials_data_api_scripts


ICSD – API (Authentication)
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Authentication via 

login/password to get a token

Searching/downloading is than

handle using the token



ICSD – API (Authentication)
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Authentication via 

login/password to get a token

Searching/downloading is then

handled using the token



ICSD – API (Search)
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Search uses the Expert Mask

syntax

Results are a list of idnums

(internal ID for entries not always

identical to collection codes)
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Theoretical structures in the ICSD database
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The major problem of theoretical structures is that a huge amount of calculations exists in a broad variety of 

quality. We have three major criteria for the selection:

1.the structure should be published in a peer-reviewed journal

2.the structures have a low E(tot) (close to the equilibrium structure)

3.we choose the method which delivers data that are closest to comparable experimental results

Theoretical crystal structures are clearly separated from experimental structures in the ICSD so that you can

choose to search only experimental inorganic structures, or experimental metal-organic structures, only

theoretical inorganic structures, or any combination of these three options. Furthermore we have categorized

all theoretical structures by the following 13 methods used for the theoretical calculation listed below.

https://icsd.products.fiz-karlsruhe.de/about/theoretical-structures-journal-list


Theoretical structures in the ICSD database
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Theoretical structures in the ICSD database
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Upgrade of the theoretical CIF file
the ICSD provides additional computational
information used in the calculation of the
respective theoretical crystal structures. This
computational information provides details
about the code, search algorithm, method,
basis set information and technical details of
the calculation (e.g. cutoff energy, K-point
mesh etc.), providing information on
reproducibility and quality of computations.
In addition we provide comments on the
tolerances in energy, forces etc. used in
calculations if present (which are similar to the
experimental structure criteria R factors, FOMs
etc.). Examples will follow.



How to search for new (not-yet synthesized) structures or materials
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• Maybe one of the most important examples for the experimental CSD/ICSD users is the use of the 

theoretical category: predicted (non-existing) crystal structure. As crystal structure predictions become 

more and more reliable, this category can be an excellent tool for synthesis planning. 



How to search for new (not-yet synthesized) structures or materials
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• Obtaining information on predicted not-synthesized unknown compounds, or/and not-synthesized 

modifications of known compounds, could be an important advantage for CSD/ICSD users with numerous 

scientific, technological and industrial applications. 

• Search for new predicted (non-existing) structures or materials can be more precise if the user combines 

search with standardized keywords in the ICSD. 

Theoretical category in the ICSD No. of CIF files 

Predicted (non-existing) crystal structure 3860 

Optimized (existing) crystal structure 2461 

Combination of theoretical and experimental structure 1368 

 
Table 1. Number of theoretical crystal structures (CIF files) in the ICSD 

Desktop (2019.2)



Search for parameters for method development and future calculations
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• Optimized (or existing) crystal structures are theoretically calculated structures 

of existing experimental crystal structures in the ICSD until the year of 

publication. 

• In experimental materials science and related sciences, they can be used as an 

excellent tool for industrial and technological applications where it is very 

important to fine-tune materials, because slight deviations between the 

calculation and experiment can lead to different properties of the material. [1]

• In computational materials science and related sciences, optimized 

structures can be used for method development and to generate parameters     

for future calculations. 

• In the following text we show one such example. 

©
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[1] D. Zagorac, H. Müller, S. Ruehl, J. Zagorac and S. Rehme, J. Appl. Cryst. (2019) 52, 918-925.



Search for parameters for method development and future calculations
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Search for parameters for method development and future calculations
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Search for parameters for method development and future calculations
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Search for parameters for method development and future calculations
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How to search ICSD for experimental and theoretical data on nanostructures
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• Optimized structures are excellent tool for various applications, and maybe one of the most interesting is 

combination of optimized structures with standardized keywords. 

• This searches can involve properties of materials (electronic, magnetic, optical, etc), or the use of keywords 

combined with, for example, chemical (elements) search, or structural (structure types) information easily 

enables searches for special materials like superconductors or piezoelectric materials, or technical applications 

like solar cells or solid electrolytes. [1,2] 

• Search for nanostructures can be even further examined by including experimental nanostructures. This can be 

performed by using theoretical category: combination of theoretical and experimental structure (Table 1). 

• If such data exist in the manuscript they are highly valuable to all materials scientists with a great variety of 

possible applications, owing to the high precision of the published data. 

• In the following examples we will show how to search the ICSD for nanostructures.

[1] D. Zagorac, H. Müller, S. Ruehl, J. Zagorac and S. Rehme, J. Appl. Cryst. (2019) 52, 918-925.
[2] https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd

https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd


How to search ICSD for experimental and theoretical data on nanostructures
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Figure 4a. Example on how to search the ICSD for theoretical nanostructures (ICSD Desktop 2019.2) 



How to search ICSD for experimental and theoretical data on 
nanostructures: Example with Organic-Inorganic Hybrid Material
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Figure 4b. Example on how to search the ICSD for combined theoretical and experimental nanostructures 
(ICSD Desktop 2019.2); Example with Organic-Inorganic Hybrid Material(Zhang et al.) 



How to search ICSD for experimental and theoretical data on nanostructures
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How to search ICSD using keywords
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https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd
https://icsd.products.fiz-karlsruhe.de/sites/default/files/ICSD/documents/use-cases/ICSD-Keywords-2019.pdf

https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd
https://icsd.products.fiz-karlsruhe.de/sites/default/files/ICSD/documents/use-cases/ICSD-Keywords-2019.pdf


How to search ICSD for crystal structures using Data Mining methods: 
Example binary AX system
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How to search ICSD for crystal structures using Data Mining methods: 
Example binary AX system
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How to search ICSD for crystal structures using Data Mining methods: 
Example binary AX system
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How to search ICSD for crystal structures using Data Mining methods: 
Example binary AX system
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How to search ICSD for crystal structures using Data Mining methods: 
Example binary AX system- AlN compound
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How to search ICSD for crystal structures using Data Mining methods: 
Further examples
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Summary and Perspectives
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• Theoretical background on the ICSD database

• How to search for:  

• new predicted (not-yet synthesized) structures or materials

• optimized (experimentally observed) inorganic structures

• parameters for method development and future calculations

• experimental and theoretical data on nanostructures

• Data mining based searches with examples - searches for group of structures/data  with common 

descriptors 

• Reliable databases (such as CSD and ICSD), and crystal structure data of high quality can serve as an 

excellent tool in pandemic situation worldwide with less possibilities for performing experiments
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