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Abstract 

If databases are to valuable in design, then designers must have confidence in the data. The precision 
of the data can be particularly important when ‘A’ and ‘B’ design values are used, resulting in 
unacceptably low design values if the data set has high scatter. In addition to the basic material 
properties, there is increasing interest in eco-design information related to the energy and material 
usage throughout the product life cycle.   

 
An initiative undertaken by VAMAS (Versailles Project on Advanced Materials and Standards) to 

improve the precision and reliability of the measurement of material properties by ensuring best 
practice in metrology is applied to these measurements is described.  Material properties can be 
divided into those that are considered to be intrinsic (sometimes referred to as inherent or 
fundamental) and procedural depending on the characterisation method used.             
The work undertaken by a CIPM Working Group on Materials Metrology is reported, including the 
recommendations for further work. The potential impact of a formal collaboration between VAMAS 
and BIPM (Bureau International des Poids et Mesures) on the quality of material properties reported.  

 
 This paper reviews also the result of a recent survey in the UK of the needs related to the supply of 

material data and the use of material databases. It was found that a wide range of data covering 
mechanical, electrical, thermal and environmental properties are required.  A useful number of 
respondees were prepared to donate short-term data to a central database. 
 
 
 
 































































NIST Materials Databases for 
Inorganic Materials Research

T.A. Vanderah and V.L. Karen

terrell.vanderah@nist.gov; vicky.karen@nist.gov

Phase Equilibria Diagrams Database 

Crystallographic Databases

Other standards work in the NIST Ceramics Division

Standards at NIST

Outline



NIST -ACerS
Phase Equilibria Data Center

A database of critically evaluated ceramic phase equilibria
Systems include:

-- Oxides
- Salts
- Borides, carbides, and nitrides for structural ceramics
- Semiconductor elements and compounds
- High temperature superconductors
- Electronic ceramics

Approximately 22,000 diagrams in 21 bound volumes
Available in print or CD-ROM;  > 55,000 print copies sold

Compiled and Edited at the

Produced jointly by

Published by

Began in 1933 via NIST-ACerS collaboration

Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm



Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm

NIST-ACerS Phase Equilibria Diagrams

Year
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1933: 178
diagrams

contact:   terrell.vanderah@nist.gov

Began in 1933 via NIST-ACerS collaboration

Continuous growth:
~1,000 diagrams per year

Published data:
~ 18,000 figures with 
~22,000 diagrams

Unpublished data:
~ 25,000 entries with
~50,000 diagrams

sorted/searchable by chemical system
“INFO” file of ~6,000 literature 
references

1. Search original literature

2. Identify, classify new entries 

3. Enter citation and chemistry into database

4. Select material to be evaluated

5. Write critical evaluations/commentaries 

6. Enter commentaries into database

7. Digitize evaluated diagrams  

8. Edit commentaries and digitized diagrams

9. Publish content 

Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm

Data Center Process



Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm

Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm

Search interface: by reference, element, component, figure no., volume 



Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm

Display: Phase Diagram 
and Commentary data 

Built-in functions allow user to track coordinates, zoom, convert 
mol% wt%, use level rule, overlay diagrams, rotate ternaries, etc.

Overlay Diagrams

Curve Follow

Level Rule

Phase Equilibria Diagrams Database
http://www.nist.gov/srd/nist31.htm



Use of Phase Equilibria Diagrams

Phase equilibrium diagrams delineate the most fundamental 
properties of materials:  the conditions (temperature, pressure, 
composition) under which pure compounds and their mixtures 
are thermodynamically stable.

Reliable data therefore provide essential thermochemical 
guidance for the technical exploitation of materials.

examples…

Of interest for electronic applications such as embedded 
dielectric elements 

Phase equilibrium studies of a number of Bi-M-Nb-O systems 
revealed that the pyrochlores did not form where they “should”, 
according to traditional crystal-chemical “rules”

A

B

zirconolite

pyrochlore

Bi2O3

Nb2O5Mn2O3±x

pyrochlore

Pyrochlore-type ceramics Bi2(M,Nb)2O7, M = metal

Bi3+ much larger than M and Nb5+ different structural site

Bi-Mn-Nb-OBi-Zn-Nb-O
VIIIA2-x

VIB2O7-y
x,y = 0 1



The phase equilibria results clearly indicated that the 
pyrochlore A2B2O7 phase was forming at “B-cation-rich”
stoichiometries, i.e. A2-xBxB2O7.

Coupled with detailed structural studies, these results 
revealed a “new” crystal-chemical principle for this class of
pyrochlore ceramics:  Up to ~25% of the larger A-cation sites 
can be occupied by smaller B-type cations, which are crystal-
chemically accommodated by displacive disorder.

Many new pyrochlores can now be deliberately 
synthesized at new stoichiometries

Eur. J. Inorg. Chem. 14, 2895-2901 (2005). 
J. Solid State Chem. 179(11), 3467-3477 (2006). 
J. Solid State Chem. 179(12), 3900-3910 (2006). 
Eur. J. Inorg. Chem. 23, 4908-4914 (2006). 

Reliable phase equilibrium diagrams are particularly useful 
when the exploitable properties are additive.

Example:  microwave dielectric ceramics

Rational Processing

44LaMg1/2Ti1/2O3–56CaTiO3 solid solution 

of interest for resonators/filters
dielectric constant ~48, temp. coeff.f ~0

need to improve dielectric loss



LaMg1/2Ti1/2O3

CaTiO3

r , f (ppm/°C)

~45 , 15
~48 , 0
~51 , +20

~56 , +46
~62 , +78

MgTiO3

~16 , 50

~33 , 90

~180 , +800

Dielectric constant 
(relative permittivity)

Temperature coeff. of 
resonant frequency

LaMg1/2Ti1/2O3–CaTiO3 solid solution 

MgO

LaO1.5 TiO2

Mg2TiO4

MgTiO3

MgTi2O5

La2TiO5 La4Ti3O12 La2Ti2O7 “La2/3TiO3” La4Ti9O24

“LMT”

LaMg1/2Ti1/2O3

f ~ 0 

(–)
(+)

(–)

(+)

(–)

(–)

(–)

(–)

(–)

(–)

(–) (–) (–) (+) (+)

(–)
(–)

LaMg1/2Ti1/2O3

CaTiO3MgTiO3

J. Solid State Chem. 177, 2023 (2004)



Demo CD available from ACerS
http://www.ceramics.org

Crystallographic Databases and 
Applications in Materials Research

VickyVicky LynnLynn Karen and Xiang Li Karen and Xiang Li 

contact: vicky.karen@nist.gov



NIST Crystallographic Databases

SRD 3: NIST Crystal Data (~237,000 entries)
- Inorganic and organic crystalline materials
- Crystallographic information without atomic coordinates

SRD 83: NIST Structural Database (~60,000 entries)
- Metals and inter-metallics
- Atomic coordinates and structure types

SRD 84: FIZ/NIST Inorganic Crystal Structure Database
(ICSD, ~ 100,000 entries)
- Inorganic materials
- Refined structure information

NIST Standard Reference Databases: 

contact: vicky.karen@nist.gov

Non-organic = inorganic + metals

ICSD (SRD 84)
NIST Structural Database (Metals, SRD 83)

Full Structure Information:

NIST Crystal Data

Phase
Identification

…NIST Crystallographic Databases



ICSD is a collection of ICSD is a collection of crystalcrystal--structurestructure
data entriesdata entries for nonfor non--organic compounds organic compounds 
includingincluding inorganicsinorganics, ceramics, minerals, , ceramics, minerals, 
pure elements, pure elements, metals,metals, andand intermetallics.intermetallics.

Data items added by experts or generated Data items added by experts or generated 
by computer by computer programsprograms include Wyckoff include Wyckoff 
sequence, Pearson symbol, molecular sequence, Pearson symbol, molecular 
formula and weight, calculated density, formula and weight, calculated density, 
chemical valence,chemical valence, ““ANXANX”” formula,formula,
minimumminimum interatomicinteratomic distances, reduced distances, reduced 
and standard cells, mineral groups and and standard cells, mineral groups and 
names.names.

The entries in the database are The entries in the database are 
characterized by and can be retrieved by characterized by and can be retrieved by 
chemical, crystallographic, chemical, crystallographic, computational,computational,
and textual searches.and textual searches.

FIZ-NIST Inorganic Crystal Structure Database

contact: vicky.karen@nist.gov

Database Applications



Phase Identification by Phase Identification by 
Electron DiffractionElectron Diffraction

Phase Identification by Phase Identification by 
Electron DiffractionElectron Diffraction



Applications in Materials ResearchApplications in Materials Research

Crystallographic databases facilitate rapid phase 
identification.

Known chemical phases can quickly be searched.

Diffraction peak positions and intensities can be 
calculated from the database entries. 

Calculated patterns can be compared with experimental 
patterns for phase identification.

Combinatorial Library: 
Rapid Phase Identification

C. J. Long, et al., Rev. Scientific Instruments 78, 072217 (2007)

Combinatorial materials library from thin-film composition spread



WDS Composition Determination

XRD Phase Identification

Combinatorial Library: 
Rapid Phase Identification

Statistical-analysis tools are applied to group the observed
diffraction patterns according to their similarities.

Combinatorial Library: 
Rapid Phase Identification



The grouping results are validated.

Combinatorial Library: 
Rapid Phase Identification

Match the obtained groups of observed diffraction patterns with
the peak positions and intensities calculated from the database 
search results.

Combinatorial Library: 
Rapid Phase Identification



Phase diagram for this combinatorial library is obtained.

Combinatorial Library: 
Rapid Phase Identification

Applications in Materials Research

What can we do with the Crystallographic Databases?

Provide initial guidance in the design stage
Select materials based on known chemical-structural-symmetrical criteria
Input for ab initio calculations of properties 
Data mining and other methods for locating potential candidates

Rapid phase identification in the experimental stage
Lattice matching
Powder diffraction fingerprinting 
Lattice-fringe fingerprinting
High-throughput essential for combinatorial approach

Input-data for scientific simulations; interfacing with other 
computational tools for data analysis and theory development



Materials Property
Databases

Crystallographic 
databases

Phase
Equilibrium

Structural
Ceramics

… …

Material Candidate
Selection

Materials Design

Data Analysis

Knowledge
Discovery

Scientific Modeling

Experimental work Combinatorial
Research
Results

Chemical
Experiments

Mechanical
Properties

… …

output

Vision of Database Applications 
in Materials Research

Query Searching

Data Mining

ab initio
calculations

Other Standards Work in the Ceramics Division:

Standard Reference Materials (SRMs)

Reference Materials (RMs)



New gold nanoparticle RMs 8011, 8012, 8013
10 nm, 30 nm, 60 nm particle diameters
Developed in collaboration with U.S. Nanotechnology 
Characterization Laboratory; Food and Drug Administration

Particle SRMs and RMs

60 nmgold nanoparticles8013
30 nmgold nanoparticles8012
10 nmgold nanoparticles8011
60 nmpolystyrene1964
100 nmpolystyrene1963a

60 nm x 20 nma-FeO OH1980
0.2 μm to 10 μmsilicon nitride659
10 μm to 150 μmzirconium oxide1982

0.33 μm to 2.19 μmzirconium oxide1978
750 μm to 2450 μmglass beads1019b
220 μm to 750 μmglass beads1018b
100 μm to 400 μmglass beads1017b
40 μm to 150 μmglass beads1004b
10 μm to 60 μmglass beads1003c
2 μm to 12 μmglass beads1021

Nominal Particle Diameter or PSDMaterialSRM or RM

Currently available:

Just released:

contact: vince.hackley@nist.gov

SRMs for X-ray Diffraction

Products
SRM Material Type

640c Silicon Powder Line Position & 
Line Profile

675 Mica Powder Line Position,
Low 2

2000 Silicon (100) Wafer with 
Si/SiGe epilayer

High-resolution Line 
Position

660a LaB6 Powder Line Position &
Line Profile

1979 CeO2 & ZnO Line Profile

1976a Sintered 
Alumina Plate 

Instrument
Response

676a Alumina 
(corundum) Powder

Quantitative Analysis

674b Powder Set:  ZnO, TiO2, CeO2,
Cr2O3

Quantitative Analysis

1878a Respirable
Quartz Powder

Quantitative Analysis

1879a Respirable
Cristobalite Powder

Quantitative Analysis

656 Silicon Nitride:
& powders

Quantitative Analysis

Just released:

NIST SRM 2000

High Resolution XRD (HRXRD)

femtometer accuracy in lattice 
parameter determination

SI-traceable HRXRD 
measurements (e.g., strained Si-
on-insulator R&D/manufacturing)

SRMd 0.1920161 nm 0.87 fm 

SRM 2000 Si (220) d-spacing

contacts: james.cline@nist.gov
donald.windover@nist.gov



Standards for Scanned Probe Microscopy
Products:  Cantilever standards for AFM

Calibrated Reference Cantilever Array
Cantilever array with SI-traceable stiffness for calibrating AFM cantilevers
Cantilevers microfabricated from silicon-on-insulator wafers 
Cantilever dimensions:  50 m wide x 1.5 m thick x (300 to 600) m long
Estimated accuracy and precision in stiffness measurement of 2% to 3%

“Hammerhead” Cantilever for AFM Lateral Force (friction)
Measurement
Lateral force cantilever enables precise nanoscale friction measurement 
capabilities for AFM
The lateral lever arms of the Hammerhead allow the optical detector of the AFM 
instrument to be calibrated to known lateral forces applied to the cantilever

Ramp chip 
translates up and 
down H

z

x y

Z

contact: richard.gates@nist.gov

The NIST Laboratories:
Standards Activities



NIST Measurement Services

Calibrations
Service in NIST technical lab
Customer sends instrument to NIST

Standard Reference Materials (SRMs)
Physical artifacts with certified physical or chemical 
properties

Standard Reference Data (SRD)
Evaluated numeric data on physical or chemical properties
Scientific algorithms on behavior of systems

contact: robert.watters@nist.gov

Calibrations
15,900 tests/year – categories 
>600 customers

Standard Reference Data
1,800 customers
55 PC products available
54 Online SRD systems out of 78 total NIST systems
6,000 units sold/year

Standard Reference Materials
Prepared by 20 Divisions in 6 NIST Laboratories
1,285 products available
2,800 customers
33,000 units sold/year
3 major categories 

Fee supported:  includes portion for developing new 
reference materials and stability testing

Dimensional
Electromagnetic
Ionizing Radiation
Mechanical
Optical Radiation
Thermodynamic
Time and Frequency

contact: robert.watters@nist.gov



Technical Areas for NIST SRD

Analytical Chemistry

Atomic and Molecular 
Physics

Biotechnology

Chemical and Crystal
Structure

Chemical Kinetics

Environmental data

Fire

Fluids

International Trade

Law Enforcement

Materials Properties

Optical Character 
Recognition

Surface Data

Text and Video Retrieval

Thermopysical & 
Thermochemical

Goal:  To make critically evaluated reference data available 
to scientists, engineers, and the general public

SRD – Customer Access

NIST Data Gateway-http://srdata.nist.gov/gateway/

Portal that provides unified access to NIST scientific and 
technical data

Customers can search by keywords, properties and 
substances across a collection of over 100 NIST scientific and 
technical databases

Search scope includes articles in the Journal of Physical and 
Chemical Reference Data, plus SRMs and calibration services



Thank you for your attention!

http://srdata.nist.gov/gateway/

























NecessityNecessity



A National ProjectA National Project

Constitution and roleConstitution and role
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Priority ActivitiesPriority Activities



HUB : Korea Institute of Materials Science
Director : Vice President Dr. Byung-Kee KIM
Practical staff : Young-Mok RHYIM

HUB : Korea Institute of Materials Science
Director : Vice President Dr. Byung-Kee KIM
Practical staff : Young-Mok RHYIM

The Priority Order of Metal SpeciesThe Priority Order of Metal Species
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DBDB--StructuringStructuring ::

Annual Plan for Data ConstructionAnnual Plan for Data Construction



Data Construction Strategy Data Construction Strategy -- CooperationCooperation

Application S/W : Application S/W : MetCAFEMetCAFE



Flexible to UserFlexible to User’’s Demands Demand

Current StatusCurrent Status
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Development of EDevelopment of E--learning System learning System 





KIMS(Korea Institute of Materials Science), the Government funded 
research institute, is established to plan, research & develop, test & 
evaluation and provide technical support in the field of materials and to 
promote the advancement of the nation's science and technology.

1976.12.30 : The Korea Institute of Machinery and Metals (KIMM) was founded 
in Changwon. 

1992.  3.16 :  The Main office of KIMM was moved from Changwon to Taeduk.
1995.  9.  1 :  Fullname of KIMM was partly changed ‘Metals’ into 'Materials' 
2002.  3.  1 :  Changwon station was named as Materials Research Institute.  
2007.  4.27 : The Korea Institute of Materials Science was founded as

a subsidiaries of KIMM. 

Department of Advanced Metallic Materials

Department of Materials Processing

Department of Surface Technology

Department of Powder Materials

Department of Test  and Evaluation

Future Technology Center

Department of Planning and R&D Management

Department of Administration Management

Total number of regular staffs: 202 
- Researcher : 138 , Engineer : 40, Administrator : 24
Number of research assistants: 169



Magnesium alloy hot and cold rolled sheets Grain refinement of aluminum alloys 

High strength multiphase steel 

Next generation high-temp. alloy 

Development of global leading technology 
in new metallic materials for structural 
applications.

High Nitrogen Stainless Steels

High Temperature Superalloys

High Performance Light Metals

Advanced Metallic Materials TechnologyAdvanced Metallic Materials Technology

Precision Forged Parts 

Resin Transfer Molding

Development of advanced processing and forming technology of 
metals and fiber reinforced plastic composites for commercialization.

Precision Forming and Near-Net Shape forming

Structural Design and Evaluation of Composites

Microstructure Control of Ni-based and Ti-based Alloys

Materials Processing TechnologyMaterials Processing Technology



Industrial applications of
thin film coatings

Development of Core Technology in Surface Modification 
for Next Generation 5T (IT, BT, NT, ET, ST) Industry.

Surface Coating by Dry/Wet Processes

Thin Films for Flexible Displays and Solar Cells

Surface Modification for Biomedical Applications

Stacks and Their elements of Fuel Cells

Transparent conducting oxide thin films Porous electrode and stack of fuel cell

Surface TechnologySurface Technology

Development of High Performance Powder Materials and Components by Making 
Multi-Functional Nano-Size Powders and by Using Special Shaping and Sintering 
Methods.

Fabrication of mixed fine powders for structural and functional applications

Advanced ceramic materials for structural and ecological applications

New functional powder materials for energy conversion

Powder Materials TechnologyPowder Materials Technology



Failure Analysis of a Boiler Tube Automatic On-line Thickness Measurement
of Pipeline using Radioisotope 

Development of Testing and Evaluation Technology of Various Advanced Materials 
and Performance of Authorized Inspection of Nuclear Power Plants as well as Failure 
Analysis of Industrial Parts.

High quality evaluation of materials’ properties 

and their nano-scale characterization

Failure analysis and life prediction of parts

Authorized inspection of nuclear plants

Calibration of instruments Authorized Inspection of Nuclear Plant 

Test and Evaluation TechnologyTest and Evaluation Technology

HUB : Korea Research Institute of Chemicals Technology
Director : Vice President Dr. Jae-Heung LEE
Practical staff : Dr. Sung-Goo LEE (sglee@krict.re.kr)

HUB : Korea Research Institute of Chemicals Technology
Director : Vice President Dr. Jae-Heung LEE
Practical staff : Dr. Sung-Goo LEE (sglee@krict.re.kr)















HUB : Korea Institute of Ceramics Engineering Technology
Director : Vice President Dr. Kwan-Jin KIM
Practical staff : Dr. Seong-Min JEONG (smjeong@kicet.re.kr)

HUB : Korea Institute of Ceramics Engineering Technology
Director : Vice President Dr. Kwan-Jin KIM
Practical staff : Dr. Seong-Min JEONG (smjeong@kicet.re.kr)



Interconnections & collaborations



Develop & Run
DB / system

Hub and Spoke system

Hub and Spoke system





< Search condition input & Material list result >

< Detail result >

Programming

SearchSearchSearch CancelCancelCancel



Building Process-Materials DB































  

 

































































































Inference from Various Material Properties Using Mutual Information and 
Clustering Methods 

 
E. Tasci 1*, M.H.F. Sluiter1 

 
1 Department of Materials Science & Engineering, Delft University of Technology  

Mekelweg 2, Delft, 2628 CD,  Netherlands 
* Corresponding author’s e-mail address: e.tasci@tudelft.nl 

 
Abstract 

Mutual information and clustering methods [1] have become more and more popular with the 
increasing accessibility and availability of categorized data. Mutual information maps present a 
practical and quantitative way to infer about relations between various properties (or combination of 
properties) given that sufficient data are available. They may lead to previously unknown / 
unsuspected factors relating to the property being investigated. Clustering method also enables one to 
guess or at the very least decrease the number of possible candidates sought to have some specific 
properties. Bayesian inference methods in context with neural networks have been widely used in 
materials science through non-linear regression techniques for the refinement of known properties [2]. 
Currently, clustering and the mutual information maps methods are used mostly for structure 
prediction [3-6] and also to guess the possibility of a compound occurrence [7]. The studies so far 
have focused on the discrete parameters such as composition, atomic number factor, Mendeleev 
number. In this work, aside from discrete parameters, by means of a probability binning algorithm [8] 
originally proposed for cytometry applications, we also study the correlation of continuous parameters. 
Pauling File [9] was used for data acquisition. 
 
References  
[1] D.J.C. MacKay, "Information Theory, Inference and Learning Algorithms" Cambridge University 
Press, 2005 UK. 
[2] H.K.D.H. Bhadeshia, ISIJ Int. 39, 966 (1999). 
[3] C.C. Fischer, K.J. Tibbetts, D. Morgan and G. Ceder, Nature Mater. 5, 641 (2006). 
[4] G. Ceder, D. Morgan, C.Fischer, K. Tibbetts and S. Curtarolo, MRS Bull. 31, 981 (2006). 
[5] D. Morgan, J. Rodgers and G. Ceder, J. Phys.: Condens. Matter 15, 4361 (2003). 
[6] P. Villars, K. Cenzual, J. Daams, Y. Chen and S. Iwata, J. Alloy Compd. 367 167 (2004). 
[7] P. Villars, K. Brandenburg, M. Berndt, S. LeClair, A. Jackson, Y.-H. Pao, B. Igelnik, M. Oxley, B. 
Bakshi, P. Chen and S. Iwata, J. Alloy Compd. 317-318 26 (2001). 
[8] M. Roedereri A. Treister, W. Moore and L.A. Herzenberg, Cytometry 45 37 (2001). 
[9] P. Villars, M. Berndt, K. Brandenburg, K. Cenzual, J. Daams, F. Hulliger, T. Massalski, H. 
Okamoto, K. Osaki, A. Prince, H. Putz, S. Iwata, PAULING FILE CDROM, Binaries Edition, ASM 
International, Materials Park, OH, 2002 USA 
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Abstract 

Due to the continuing advance in information gathering, parsing and categorization techniques, as 
well as progress in communications, data availability and accessibility, the applications of information 
theory in the materials science are becoming common practice. With respect to different organizations 
and classifications, many materials databases (spanning common or distinct material types) have been 
constructed with different interfaces and as one would expect, different processing mechanisms. 

 
The inner mechanisms of the database querying is -most of the time- irrelevant to the common user 

since one does not need to know how the data related to his query is being fetched. Alas, we can not 
say the same thing about the interfaces used both in query submission and result retrieval. A query 
consists of two sets of parameters (A | B) where B = {bi} represents the conditions the sought object(s) 
should fulfill while A = {aj} represents the properties to be acquired belonging to the sought object(s). 
Although using interfaces provide an easy and practical way for query submission, it seriously hinders 
systematic querying (i.e., by means of a computer code). The same is valid for the retrieved result 
listing.  

 
Different schemes for standardization of specific categorical properties have been proposed before 

like the CIF [1] for crystallography classification or PDF [2] for diffraction classification.  By 
proposing the Extensible Markup Language (XML) [3], a fee-free standard specification developed by 
the World Wide Web Consortium, to be used as the standard for materials database querying and 
retrieval, we hope that it will be possible to use one written code to query and retrieve data from any 
materials database without modifying the code, also benefit from easily performed automated queries 
in addition being able to cover different branches in material sciences. There is already a tailored XML 
schema MatML [4], prepared for materials scientific purposes which can be expanded and developed 
further to cover also database related properties but also a new schema from scratch is also possible 
and doable. Usage of XML does not conflict with the currently ongoing access restrictions and usage 
limitations imposed by the database maintainers since it is only a new means for input/output 
formatting. Being a universally accepted standard specification, XML is supported by all of the 
common programming languages meaning readily coded applications and libraries for all major 
platforms.
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