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Outline
ÅBrief History of the TRC

ÅGlobal Information Systems:

üPurpose, Requirements, Components

üApplication to the Field of Thermodynamics: Impact Areas, 

Components, and their Architecture

üFrom Data to Wisdom in one Gigantic Step

ÅImpact on Efficiency of Information Delivery:

üEstablishing Global Data Communication Process

üDelivering Information from ñData Producersò to ñData Usersò

ÅImpact on Publication Quality:

üInformation Integration and Publication Quality

üSome Surprising Findings

ÅImpact on Chemical Process Design:

üñBundlingò with Simulation Engines

üNew Capabilities for the ñon-Demandò Design

ÅNIST/TRC ðMPEI Cooperation:

üDeveloping Engineering Web MathCad Tools using 

Thermophysical Property Data

üEstablishing Communication Bridges between Data Expert Software 

and Thermophysical Property Data from Russian Sources
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ÅFirst director of the Project API 44

ÅFirst director of TRC

Awards
Å1956: Huffman Award

Å1971: Priestley Medal

Å1975: Rossini Award- Namesake & 1st Awardee

Å1977: National Medal of Science for his

ócontributions to basic reference knowledge 

in chemical thermodynamics.ò

Frederick D. Rossini
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ÅAssociate Director of Project API 44

ÅProfessor, UC Berkeley

ÅPresident, Rice Univ., Stanford Univ.

Awards
Å1958: the Huffman Award

Å1969: the Priestley Medal

Å1974: National Medal of Science

Å1988: Rossini Award

Kenneth S. Pitzer



Chemical Science and Technology Laboratory

George C. Pimentel

ÅSupervisor of Project API 44

ÅProfessor, UC Berkeley

ÅInventor of the chemical laser

Awards
1985: National Medal of Science

1989: Priestley Medal
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Dr. Fredrick D. Rossini

Director, 1942-1961

Dr. Bruno Zwolinski

Director, 1961-1979

Dr. Kenneth R. Hall

Director,1979-1985,1997-2000

Dr. Kenneth N. Marsh

Director, 1985-1997
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Data ñgrowthò more than doubling in 10 years

Data capture for the major data journals
J. Chem. Eng. Data, J. Chem. Thermodyn., and Fluid Phase Equilib.
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Principal Questions

ÅHow to Navigate to Find Relevant Information in

the Entire Body of Knowledge Pertaining 

Thermophysical Property Data (Needle in the 

Haystack) ?

ÅHow to Develop Experimental Plans Assuring 

òSignificant Return on the Investmentó?

ÅIs it Possible to Validate New Experimental 

Data?

ÅHow to Deliver Efficiently Information from òData

Producersó to òData Usersó?

ÅIs it Possible to Discover Functional Forms That Have

Fewer Parameters than Currently Used Forms, but 

Which still Work Well over a Broad Range of Fluids?
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ÅGlobal Information Systems:

Information Systems Designed toé

üCollect, Process, Integrate, Evaluate, and Communicate the 

Entire ñBody of Knowledgeò Pertaining to a Field and 

üSupport Any Application Requiring This Knowledge in an ñon-

Demandò Mode with Definitive Information Quality Assessments
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Global Information Systems
Application to the Field of Thermodynamics

Ç Software tools for mass-scale data capture

Guided Data Capture (GDC) software

ÇComprehensive Data Storage Facility

SOURCE Data Archival System

ÇData Entry Facility

NIST/TRC Data Entry Facility

ÇData Communications Standard

ThermoML

ÇData Reader Software

ThermoML Opener into Microsoft Excel

ÇSoftware Expert Systems

ThermoData Engine (TDE) software

ÇWeb Communication Portal

NIST Web-Oracle infrastructure
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Global Information System

In Thermodynamics

Efficiency of 

Information

Delivery

Instrument

Calibration &

Validation

Scientific 

Discovery

Process

Strategic 

Experiment

Planning

Molecular Modeling
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Property Prediction

Journal 

Publication

Quality

Chemical 

Process

Design
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Metadata: Phases, Constraints, Variables, Units, Uncertainties

Numerical Data

Graphical 

Representation
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ÅStructure is based on the 

Gibbs Phase Rule

ÅAccommodates a wide 

variety of reported data 

representations (absolute, 

ratio, difference, a variety of 

composition measures, etc.)

CMPID

ALTCMPNM

SYSREF

REFINFO

AUTHREF

AUTHOR

SAMPLES

BINREF

TERNREF

REACT REF

REACTCHANGED
REACTEQUIDATA
REACTEQUIL4DATA

SINGLEVALUE
FIXEDCONDITION
ONEVARDATA
ONEVAR
TWOVARDATA
TWOVAR

BINSINGLEVALUE
BINONEVAR
BINONEVARDATA
BOINTWOVAR
BINTWOVARDATA
BINTHREEVAR
BINTHREEVARIDATA

TERNSINGLEVALUE
TERNONEVAR
TERNONEVARDATA
TERNTWOVAR
TERNTWOVARDATA
TERNTHREEVAR
TERNTHREEVARDATA

Ternary Mixtures

Reactions

Pure Compounds

Binary Mixtures
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Data Processing at NIST

Thermodynamics Research Center

Data Capture 

Software

Support

Managerial 

support

Communications

Access to NIST

SOURCE/Oracle 

Database

Unix Network

Workstation

Communications

Windows Network

Student-based operation: University of Colorado, Boulder

Colorado School of Mines, Golden

Data Capture from

international data

repository resources

(Russia/China)

Hardcopy 

digitizing

Guided Data 

Capture:

GDC software

Tools

In-House Data Processing Major journal cooperation

Incoming Data Flow
500,000 data points/year
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Participants of the Task Group meeting for IUPAC project 

'XML -based IUPAC standard for experimental and critically 

evaluated thermodynamic property data storage and capture'.

Prof. W. A. Wakeham, Dr. A. R. H. Goodwin, Dr. A. I. Johns; Dr. M. Satyro, 

Dr. D. Lide, Dr. M. Frenkel, Dr. M. Schmidt, Prof. K. N. Marsh, 

Dr. J. W. Magee, Dr. J. H. Dymond (London, 2004)
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ThermoML Symposium: ACS Spring Meeting
Atlanta ïMarch 27, 2006

L to R: Catherine Hunt (ACS President-Elect), Bryan Henry (IUPAC President),

Dan Friend (Acting Chief, PCP Division, NIST)
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<?xml version="1.0" encoding="UTF-8"?>

<?xml-stylesheet href="http://www-

i.boulder.nist.gov/div838/trc/journals/jced/ThermoMLtoHTML.xsl" type="text/xsl"?>

<!--Created by Guided Data Capture (GDC) Software (http://www.trc.nist.gov)-->

<DataReport xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xsi:noNamespaceSchemaLocation="http://www.trc.nist.gov/ThermoML.xsd">

<Version>

<nVersionMajor>2</nVersionMajor>

<nVersionMinor>0</nVersionMinor>

</Version>

<Citation>

<TRCRefID>

<yrYrPub>2005</yrYrPub>

<sAuthor1>ash</sAuthor1>

<sAuthor2></sAuthor2>

<nAuthorn>0</nAuthorn>

</TRCRefID>

<eType>journal</eType>

<eSourceType>Original</eSourceType>

<sAuthor>Ashour, I.[Ibrahim]</sAuthor>

<sPubName>J. Chem. Eng. Data</sPubName>

<yrPubYr>2005</yrPubYr>

<dateCit>2005-02-10</dateCit>

<sTitle>Liquid-Liquid Equilibrium of MTBE + 

Ethanol + Water and MTBE + 1-Hexanol + Water over the Temperature Range of 288.15 

to 308.15 K</sTitle>

<sAbstract>Liquid-liquid equilibrium data for 

methyl tert-butyl ether (MTBE) + ethanol + water and MTBE + 1-hexanol + water have 

been experimentally measured over the temperature range of 288.15 to 308.15 K. The 

equilibrium data of this work, in addition to the available MTBE-containing LLE data in 

the technical literature, are analyzed using UNIQUAC, NRTL, UNIFAC-LL, and UNIFAC-

DMD models as programmed by the Aspen Plus simulator. On the basis of analyses of 

the experimental data of this work, UNIFAC-LLE and UNIFAC-DMD showed the best 

predictive performance for the mole fraction of the target species (MTBE) in both the 

organic and aqueous phases.</sAbstract>

<sKeyword>Liquid-Liquid 

Equilibrium</sKeyword>

<sKeyword>MTBE</sKeyword>

<sKeyword>Ethanol</sKeyword>

<sKeyword>Water</sKeyword>

<sKeyword>1-Hexanol</sKeyword>

<sVol>50</sVol>

<sPage>113-118</sPage>

</Citation>
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NIST Guided 

Data

Capture 

(GDC)

Products

21

J. Chem. Eng. Data

(ACS)

J. Chem. Thermodyn.

(Elsevier)

Fluid Phase Equilib.

(Elsevier)

Int. J. Thermophys.

(Springer)

Thermochimica Acta

(Elsevier)

Measurements

Experimentalists
Applications Users

Industrial Engineers
IUPAC

Committee on Printed & 

Electronic Publication 

(CPEP)

International Association of 

Chemical Thermodynamics 

(IACT)

WEB

NIST

ThermoML

Archive

ñReaderò

Software

Global Data Communications

AspenTech

(USA)

SimSci (USA)

Virtual Materials 

Group (Canada)

Natôl Engineering 

Lab (UK)

Fiz Chemie

(Germany)

DIPPR (USA)

products users
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ÅJ. Chem Eng. Data

ÅJ. Chem. Thermodyn.

ÅFluid Phase Equilib.

ÅInt. J. Thermophys.

ÅThermochim. Acta

Data Producers (Article Authors)

Article submission

Major Journals

Article Authors

After peer review

Data Capture

GDC

NIST/TRC 

In-House

Data Capture

NIST/TRC SOURCE

Data System

Files are 

converted to 

ThermoML 

format ThermoML

Archive of published experimental 

data in ThermoMLformat

Data files in ThermoML 

format are posted on 

the Web

Problems 

communicated

Inconsistencies 

to be resolved

GDC communication line

On-demand 

critical data 

evaluation

ThermoData 

Engine

TDE communication line

~600 articles/year

~100,000 data pts/yr

~80% of data in field

Cooperation with journals for 

global data dissemination in 

ThermoML format

Data Users

Process design, 

optimization, and 

basic research
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Mole fraction of tetrahydrofuran

A B

Data Analysis: GDC Communication Line

Boiling temperatures Tb at constant pressure for (tetrahydrofuran + tetrachloroethene). 

The figures show the reported experimental data before (A) and after (B) correction. The 

arrows indicate boiling temperatures for the pure components critically evaluated with the 

ThermoData Engine (TDE) software. Ǐ, Tb = (337.38 Ñ0.03) K at p = 95.8 kPa for 

tetrahydrofuran critically evaluated with TDE. ß, Tb = (392.16 Ñ0.06) K at p = 95.8 kPa for 

tetrachloroethene critically evaluated with TDE. The graphs were created with the GDC 

software. 

Mole fraction of tetrahydrofuran
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Mass (specific) density as a function of temperature for mixtures of chlorobenzene and 

dimethyl carbonate. The lines represent results for various mixture compositions. The figures 

show the reported experimental data before (A) and after (B) correction. The circle indicates the 

erroneous values in the upper figure. The graphs were created with the GDC software. 

A B

Data Analysis: GDC Communication Line
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Liquid phase region

2-Phase (Liquid + Gas) region

Saturated liquid 

density curve

2-Phase (Liquid + Gas) region

Saturated liquid 

density curve

Liquid phase region

Densities for tetrahydrofuran. Experimental data (red) are reported for density as a function of 

temperature and pressure in the liquid phase before (A) and after (B) correction. The saturation 

line (i.e., the line of separation between the one- and two-phase regions) critically evaluated 

with TDE is shown in the plot. The blue lines correspond to the isobars evaluated by TDE for 

the single phase region. The graphs were created with the TDE software. 

A B

Data Analysis: TDE Communication Line
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TDE consistency test for originally reported experimental isobaric T-P-x-y data

For binary mixture (ethanol + methanol) at P = 101.32 kPa*

* Arce, A.; Martinez-Ageitos, J.; Rodil, E.; Soto, A.

Fluid Phase Equilib. 1998, 146, 139-153
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TDE consistency test after error correction
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New mandatory submission 

process via NIST/TRC for 

major journals in the field

ñWe, the Editors, 

are convinced that 

this additional data 

review will 

substantially benefit 

the scientific and 

engineering 

communities 

because of the 

increase in quality 

and usefulness of 

the reported 

experimental data.ò 

Fluid Phase Equilib. 2009, 276,165ï166

Int. J. Thermophys. 2009, 30, 371ï373

J. Chem. Eng. Data 2009, 54, 2-3

J. Chem. Thermodyn. 2009, 41, 575ï576

Thermochim. Acta 2008, 484, viiïviii



Chemical Science and Technology Laboratory

Used for > 200 years in all 

critical data evaluation worldwide

Developed at NIST:Implemented

for the first time in 2004

Concept 

development 

1988 to 1997

Concept

Implementation

1997 to present

Framework 

completion 

target: 2012
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Property Blocks

Å Phase Diagram

ï Triple Point & Critical T

ï Phase Boundary P

Å Volumetric

ïCritical Density

ï Saturated & 

Single Phase Densities

ï Volumetric Coefficients

Å Energetic

ï Energy Differences

ï Energy Derivatives

ï Speed of Sound

Å Other

ï Transport Properties

ï Surface Tension

ïRefraction

Load from database

Trivial normalization

First property block

Non-trivial 
normalization within 

block

Add predicted values

Select models &
fit properties

Enforce consistency 
within block

Next block?

Enforce inter-block 
consistency

Process ñOtherò 
properties

Output

Y

N

Calculate 
uncertainties

General Algorithm for Dynamic Data Evaluation

ThermoData Engine (TDE)
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Thermodynamic consistency conditions

In-block:

Å Equal vapor pressures at triple points & slope/DHtrs consistency

Å Convergence of condensed phase boundary to triple point

Å Convergence of gas and liquid saturation density curves at Tc

Å Infinite first derivatives of saturated densities at Tc

Å Single phase densities converged to saturated densities

Inter -block:

Å Vapor pressure + Saturated densities + Enthalpy of vaporization
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Ttp

Liquid

Crystal

Blue lines are critically evaluated sublimation and 

vapor pressures for biphenyl with consistency 

enforcement. Orange= Data rejected byTDE
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Á2004: First software implementation of the dynamic data evaluation concept
o 50 thermodynamic and transport properties

Á2006: Implementation of equation of state technology on-demand
o Span-Wagner, Peng-Robinson, modified Sanchez-Lacombe, PC-SAFT

Á2008: First implementation for binary mixtures
o120 properties

Á2009: First implementation for chemical reactions
o Includes experimental calorimetric and equilibria data as well as predictions
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Application & Advantages

Å Automated generation of consistent recommended values 

ï (on-demand: results in minutes vs. months or years for 
traditional static methods)

Å Can be applied to hypothetical compounds

ï Requests for compound data can be input as drawn 
structures

Å Full set of properties for pure compounds are always 
generated (predictions w/ +/-)

Å Estimated uncertainties for all recommended data

Å Can be used to develop new and validate old models

Å Reveals published experimental errors

Å Provides a comprehensive data source for process simulation 
via the ThermoML-formatted output 
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Properties evaluated for binary mixtures

ÅCritical T and P, viscosity, heat conductivity, surface tension

ÅExcess volume, enthalpy

ÅActivity coefficient models (Margules, NRTL, Redlich-Kister, 

UNIQUAC, van Laar, Wilson)

ÅUNIFAC prediction
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Results of evaluation (mixtures)
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AC models: VLE
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AC models: LLE
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AC models: SLE
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Reactions: Evaluation results

Formation of water (liquid)
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Selection of the Reaction on-Demand
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Reactions: Property consistency

Hydrogenation of benzene (gas phase)
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TDE ïProduct Design



Chemical Science and Technology Laboratory

TDE ïProduct Design (continued)
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TDE ïProduct Design (continued)
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TDE ïExperiment  Planning
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TDE ïExperiment  Planning
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Multi-tier Web Database
Process Flow


