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Introduction

 Requirement: Industrial and scientific developments
require high quality data and models

« Key Point: High quality data system needs strong
support from comprehensive knowledge base

< Aim: Develop a system with high quality data and
models fully supported by domain knowledge



The Relationship between Data, Model and Knowledge
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The Support of Knowledge to Data and Model Analysis
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Data Background - TRC Databases

+» Databases:

Source Database, Table Database, Density Database,
Vapor Pressure Database, Ideal Gas Database, etc.

A Comprehensive Physicochemical Data System:

Source Database contains more than 100 physical and
chemical properties, over 2 million experimental records
for 32,000 chemical systems (pure compounds, mixtures,
and reaction systems)



Information for Recommended Data (RD)

Detailed information is crucial for a good understanding
of data. The following information has been prepared for
recommended data (also for experimental data).

+ The uncertainty values of RD

+ The number of data points used for obtaining RD
+ The discreteness of the data used to process RD
+ The description about the selection of RD

+ The grade of RD



Data Processing for RD

€ For compounds having multiple values, a weighted
average method is used to obtain recommended data

€ For compounds having only one or two values, the data
are inspected by:

A. Theories and thermodynamics relationships
B. Comparison with the values from models
C. Comparison with other well characterized sources

D. Similar compounds

€ For doubtful data, original articles are reviewed



Criteria and Methods of Evaluating Models

The major problem in model evaluations is that very little
attention is paid on the prediction abilities of models. The
following factors have been considered in our evaluating
and selecting of models for TIIS.

Prediction ability
Complexity of compounds used in developing and testing models
Diversity of compounds used in developing and testing models

Reliability of each parameter (how many and how well data were
used in obtaining each parameter)

Similarity analysis



Example of Prediction Ability of Models

WJ is a simple model with about 20 parameters, while MP is a model
using 167 parameters. MP is better than WJ in correlating data, but not
in predicting for new compounds.

Ranges of deviations (Dev, K) of the Tc predicted by WJ and MP group
contribution models for the compounds having experimental data
reported between 1996 and 2001, and number of compounds in each
range.

WJ MP
Correlated result
Total number 467 434
Dev, K 6.3 5.7

Predicted result
Total number 48 42
Dev, K 10.2 13.0




Examination on the Reliability of Parameters

167 MP groups and estimated occurring frequency in compounds
that have Tc data published before 1987 (IN1) and up to now (IN2).

N1 Groups N1 Groups Nl Groups

Summary 0 40 1 36 2 19

1087 Now CH; rC 1 0 4

361 600 rC= 1 1 0 0
Partl Part2 EBond N1 N2 rC= NH 1 0 0
C= rC= 1 0 1 rC= CO0OH 1 0 0
CH, C* 1 0 0 C1 CO 1 0 0
CH; 1 1 0 0 rC= C0O 1 0 1
rC irC= 1 0 0 0 cO 1 0 0
rC rC= 1 0 0 rC= Br 1 0 i}
5 5 1 0 1 cCOo CO 1 0 0
rCH rCH 1 0 2 rC= 1rC= 1 0 0
CH CH= 1 0 0 H CHO 1 0 0
CH = 1 0 0 NH:; NH 1 0 0
CH CHO 1 0 0 H COOH 1 1 1
C = 1 0 1 CH; F 1 1 1
CH; = 1 0 0 C 0 1 1 23
=C= = 2 0 0 CH* CH* 3 1 1
rC 1irC 1 0 0 CH* C* 3 1 1
= =[C= 2 0 0 rC= C00 1 1 3
CH= CN 1 0 1 C= C1 1 1 4
CH= CO0O0Oo 1 0 0 C COOH 1 1 1
CH= COOH 1 0 0 C rC= 1 1 T
CH= CHO 1 0 1 CH= CO00 1 1 2
CH= F 1 0 0 CH= 0O 1 1 2
CH= rC= 1 0 1 CH= Cl 1 1 1
CH= C* 1 0 0 CH; C* 1 1 1
CH= C= 1 0 0 CH= CH= 1 1 1
CH= =C= 2 0 0 CH; CH; 1 1 1
c* C* 3 0 0 rC= CN 1 1 1
rQ rN= 1 0 1 CH; CHO 1 1 8
CH; Br 1 0 0 CH; CN 1 1 1
CH; 1 1 0 0 CH; NO. 1 1 1



Complexity of Organic Compounds - Definition

Group/ complexity =1 >1

CH 1 1 CH3-CH(CH3)-CH3 =2
C 2 2

C=C (double bond) 2 2

=C= 2 2

C*C (triple bond) 2 2

F, Cl, Br, | 3 5 2 (when groups >4)
CN 3 4

N 3 4

NC 3 4

S 3 4

SH 3 4

CHO 4 10

(o0) 4 10

coo 4 10

COOH 4 10

N= 4 10

NH 4 10

NH= 4 10

NH2 4 10

NO2 Z 10

o) Z 10

OH 4 10 OH-CH2-CH2-OH =18
SO 4 10

SO2 4 10

Ring / complexity 3 5 Including fused ring
Terminals / complexity 6 (C=1) 3 (C=2) 1(C=3)

C atoms / complexity
1-10 1 11- 20 2 21-30 3
31-40 4 41- 50 5 > 50 6



Example of Complexity for Compounds Having
Critical Temperature (Tc) Data

CN AC
Tc before 1996* 500 14
Tc after 1995** 100 21

CN - Compound Number; AC - Average Complexity

* 500 compounds having critical temperature reported before 1996.
** 100 new compounds reported between 1996 and 2001.



Example of Using the Information from Similar Compounds to Judge
Uncertainty of the Value Estimated by Models

. Property Estimation by Thermodynamic Models - |I:I|£|
CASRN [75975 Calculate | we | Pint | Bt |
—Select a Property —Select a Model i
normal freezing point * Jloback
normal bailing paint " Constantinou/G ani
crtical temperature ™ Marrero/Pardilo

crtical prezsure

critical dengityvwolume

acehtric factar

ztandard state Gibbs energy of farmation
enthalpy change of atmozphenic baoiling
enthalpy change of atrozphenc melting
ideal gaz enthalpy of formation at 293 K
ideal gaz Gibbz energy of formation at 293 K
waporization heat at normal boiling point
Gibbs enengy at 1 bar :I
Enthalpy of ideal gas The Information of Similar Molecules

Entropy of ideal gaz
WaQOT QIESZUIE
Surface tension

Mormal bailing point by Joback method = 387,32 (K]

Mo CAaSAM  Similarty  Pyalue MWalue PYEmor Formula

B8 18 188 e e e e e e e i i i e 8808

e tensic 1 E7641 1 3293 3219 74 C3HED
dersity of liguid 2 RE3804 5 71 7.2 0.1 CEHAD0O
[ pR——— 3 72933 g /27 3448 79 C4HEO

> 4 108101 7 3|91 39071 1 CEH120

o L:;'Z;";imndumw@ 5 96220 g 375 ®77 73 C5HIO0

- E 107579 & 752 3677 75 CRHIOO0

" Themal diffusivity 7 141797 g 4028 2946 8.2 CEH100

5 A3 10 226 306 28 C5H12

g EN7EE 10 4003 3905 98 CEH1Z0
10 £29388 10 965 3905 6 CEH120
1 106354 12 204 #1347 C7H140
12 123193 12 68 4134 34 CPH140
13 10430 12 4238 4134 104 7H140




Knowledge is the key to evaluate and understand
scientific data as well as models

€ Scientific experiment is a complicated process
€ Experimental data tend to have uncertainty or error

€ Evaluation of scientific data is extremely difficult, no
way to guarantee their absolute correctness

€ The true value of physicochemical property needs
repeated experimental examination

€ The above problems are also true for models



Domain Knowledge

€ Thermophysics theory and concept

€ Experimental and theoretical research methods
€ Evaluation and comment on experimental data

€ Compound physical and chemical characteristics
€ Models (introduction, evaluation and comment)
€ Molecular structure and interaction information
€ Terminology

€ Unit



Example about Knowledge and the Selection of Ethanol’s
Recommended Critical Temperature

. Pure Compound. Re-draw the figure by changing property ranges and clicking t |
' Percent Figure | Al data
Froperty:  Critical ternperature, K Ethanol Total points: 26 {* Selected range
. . Froperty B ange
. * L |516.75
* *
516 |- * -* ¢ ¢ 5 [5138
915 » L Diraw Uncertainty?
i | . . . . o " ez (+ Mo
* 1 1 1 | 1 1 1 1 | 1 1 1 ? | 1 '|. '.I. '|. .I. '|. '-I. 1 ] | 1
5 10 15 20 25
CASRAM: 64175 References Ayverage Value
515.03
Fef |vear |Property |Propertpialue [Uncertainty |Phasel |Phaze? |Phased [CASHEM [«
27 1934 |TC 513.91 01 L G 64175 : Ayerage Deviation
A 1986 | TC R1349 0.2 L G B4175 ' 1.0696
28 1986 |TC 51349 0.2 L G E4175 ' _—
30 1986 [TC |5139 02 L G 6175 | [
32 1986 [TC 513.9 0.2 L G 54175 | 0.20767
29 1986 | TC R1349 0.2 L G B4175 '
a3 1987 |TC 516.15 0.2 L G B4175
24 1983 |TC 5141 0.6 L G B4175 .
35 [1990 [TC 515 1 L G E4175 || color explanation
a6 1990 |TC R14.1 0. L G B4175 i
4| | ]




Example about Knowledge and the Selection of Ethanol’s

Recommended Critical Temperature

is. Pure Compound. Re-draw the figure by changing property ranges and clicking El
................................................................... Percent Figure | = Al data
Froperty:  Critical temperature, k. Tatal points: 23 i+ Selected range
. Froperty R ange
23 - L |515.2
]
. = 1238
14
* . *
- » Crrawy Uncertainky?
513 0 il - .
. i ez ¢ No
* - - -
1 1 1 1 | ] ] 1 1 | 1 1 1 1 ] ] * * * | ll. 1 1
10 15 20
CASREM: B7EE1 Feferences Syerage Walue
132
Hef |Wear |Property [Property-Yalue |Uncertainty  |Phasel |Phased |Phazed |CASEN I:|
13 1964 |TC A12.E8 04 L F] E7BE1 ' Ayerage Deviation
19 1966 |TC 513 1 L [z G561 0.58605
200 1974 |TC 147 2 L Ef B75E1 o
21 1975 |TC |512.36 0z L G E7EET Fereent Liziaiey
22 [197% |TC 512 35 0.2 L G 57561 0.11413
23 1976 |TC A12.36 015 L Ef B75E1
24 1381 |TC A125 1 L F] G561
25 1988 |TC 51247 0.1 L [z G561 _
25 |1388 |TC 125 3 L G E7EET | eolor explanation
27 1380 |TC A125 04 L F] G561 -
| O
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Example of Knowledge Supporting System

&, TRC Knowledge Base Display Records - |I:I|i|

| Save | Lizt_All | Delete | Print | Font | E xit |

Search Keyword | Search | Search Option IDescriptiun j

Record Mumber = 29 I Hl 4 | Domain Knowledge of Thermodynamics | P I Hl 23

Subject IEthﬂnuI and Critical Point Measurement

Description

Keyword

K.ey Subject

The critical temperatures of ethanol repotted i the literature are dewded into two distinct groups. The =
values reported by Young (1910), Griswold et al (1245, Golik et al. (19559), Neozdrew (1956),
MeCracken et al. (1960, Eftemov (1966), Marshall and Jones (1974, Hentze (1577, and Mousa
(19077 all fall in the range from 516 0 to 5167 K with uncertainties of 1 K or less, whereas the values
repotted by Mocharnuke (19607, Skaates and Eay (1264), Ambrosze et al (1974), Wilson et al. (1984),
atd Eozenthal and Teja (1989) all ke between 513.9 and 5142 K with uncertanties of less than 0.6 K.
sitrdlar behawior was observed in the case of the critical pressure, with values m the first group Iying in the
range of 6.325-6. 391 MPa (reported uncertainties less than 0.001 MPa) and values i the second Iying in
the range of 6. 129-6 148 MPa (uncertamnties less than 0.02 IPa).

Ethanol, lke all alkanols, 15 very hygroscopic. Particularly, it forms an azeotrope with water.

Hicks and Toung (1975, Chem. Eew. 1975, 75, 118-175)) reported that cnitical property data for the
ethanal + water system show that the mfluence of water 15 to increase the cntical temperature and pressure
of the muzture to a value abowe that for pure ethanol Since the results of the second group of researchers
show lower critical temperatures and pressures, it 15 possible that the samples of the first group were

=

Ethanal, ethyl alcohal, 54175

compound Ideode |3/4/2002 1:46:50 Fhd




Summary

€ Uncertainty is everywhere

€ Our knowledge on uncertainty is very limited

€ Our awareness on uncertainty is low

€® Knowledge is crucial to decrease the uncertainty

€ For building a high quality information system, it is
necessary to develop a strong ability for analyzing
the uncertainty of data, models and text information
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