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Abstract An automated property prediction package has been developed that permits
rapid evaluation of group-contribution, corresponding states, empirical, and theoreti-
cal property estimation methods. The property prediction package, which is part of the
DIPPR� Information And Data Evaluation Manager (DIADEM) software, is used in
conjunction with the DIPPR� 801 database to develop and test new prediction me-
thods. The software is freely available to all DIPPR sponsor companies, but is also
commercially available. The estimation engine is based on an automated SMILES
(Simplified Molecular Input Line Entry Specification) formula parser to provide re-
quired molecular structural information, retrieval of required secondary properties
from the DIPPR� database, and defined rules for the method. Automatic compari-
sons of predicted values to experimental data in the DIPPR� database can be made for
properties at specified accuracy levels, by chemical family or type, or over the entire
database. This allows evaluation of the relative effectiveness of methods for specific
chemical families and tailoring of the selected method to specific chemical classes.
New methods can readily be added by input using a simple input form. Nearly 200
thermophysical property prediction methods are currently available in DIADEM.
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1 Introduction

The DIPPR 801 database is an important resource for process design and develop-
ment, providing pure-component property values for 29 constant properties and 15
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Fig. 1 DIADEM’s prediction package interface for a single component

temperature-dependent properties for approximately 2,000 compounds of industrial
importance. Four foundational principles have guided the efforts on the database pro-
ject and have been key to its success. These are (a) industrial sponsor control, (b)
critical evaluation, (c) consistency, and (d) completeness.

The fourth principle, completeness, requires that whenever possible, values for all
properties are provided. When experimental data are lacking, the principle of comple-
teness requires that prediction techniques used to supply the needed values.

Knowing which prediction method to use, however, can be difficult. It is important
to understand the limitations of a prediction method, and to which compounds the
method may be applied. BYU-DIPPR� 801 has created a prediction package as part
of the DIPPR� Information And Data Evaluation Manager (DIADEM) software that
enables rapid property estimation and evaluation of group-contribution, corresponding
states, empirical, and theoretical property estimation methods.

2 Prediction Package Overview

DIADEM’s prediction package contains simple user interfaces to estimate properties
for a single compound (Fig. 1), to input new prediction methods to the software,
and to compare the performance of existing methods. Currently, DIADEM has nearly
200 methods divided into two main classes: non-structural and group-contribution
methods.
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2.1 Non-structural Prediction Methods

Non-structural are those methods that estimate a property without knowledge pertai-
ning to the family or structure of the compounds. These methods usually employ a
correlation between the property to be estimated and one or more of the compound’s
physical properties. In DIADEM, the data needed for property predictions are au-
tomatically extracted from the DIPPR� 801 database if available. If the supporting
property values required for the predictions are not available, DIADEM predicts those
also using DIPPR� 801 primary methods. Users may also override the default method
and instruct DIADEM to obtain data from another prediction method, or use user-input
values.

2.2 Group-Contribution Prediction Methods

Group-contribution methods are those methods that utilize knowledge of the com-
pound’s structure to estimate a property. Group-contribution methods range from using
different parameters or coefficients for different classes or families of compounds, to
utilizing weighted contributions of individual atoms or functional groups. In order
to perform group-contribution property estimations, DIADEM first uses Simplified
Molecular Input Line Entry Specification (SMILES) formulas for the compound to
parse the molecular structure into atomic contributions. The method’s contributions
are then extracted from a database where each contribution has been identified using
a modified Smiles Arbitrary Target Specification (SMARTS) notation. Each contribu-
tion is compared with segments of the molecule reconstructed from forward parsing
of the atomic contributions. If a match between the method contributions and portions
of the molecule is made, the participating atoms from the molecule are recorded as
matched to avoid duplicate use of the same atoms.

In order to ensure proper matching of group contributions, each contribution from
the method is assigned a numerical priority according to its relative size and detail.
Contributions with higher priority, and thus more detailed specifications, are utilized
before lesser-specified contributions; i.e., CH3 would be used before CH, an acid group
would be used before a carbonyl, etc. This prioritization of groups creates an easy
way to adjust the order of the groups that DIADEM finds, and thus ensures accurate
representation of the molecule. In cases when the user disagrees with DIADEM’s
interpretation of the priority of an author’s groups, users may easily switch the groups
DIADEM employs for the compound and re-evaluate the property with the user-
specified groups.

2.3 Addition of New Methods

DIADEM’s prediction package is setup to allow continual addition of new methods
and modification of existing methods. All supporting data for the methods are stored
in a database, and the code is designed to be non-method specific, so that upda-
ting, modifying, and adding new methods is simple. Thus, users may implement and
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Fig. 2 User-interface to add or edit prediction methods. Groups are first defined using a modified SMARTS
formula, then assigned a priority by size and/or detail of the group

evaluate any number of methods in addition to the nearly 200 methods supplied with
DIADEM.

Methods are added and edited using a simple user interface (Fig. 2). Users input
the parameters, correlations, and group contributions (if applicable) with their corres-
ponding priorities. Groups are added by inputting a SMARTS formula that describes
each group, and assigning a relative priority to each group. Therefore, knowledge of
SMARTS is necessary to add group-contribution methods; however, detailed tutorials
are available on the web for those unfamiliar with SMARTS [1].

3 Method Evaluation

3.1 Evaluator Overview

DIADEM utilizes a simple user-interface to perform an evaluation of a single predic-
tion method, or compare the performance of multiple methods (Fig. 3). Using each
of the selected methods, DIADEM will predict the applicable property. Predicted
values are then compared to “accepted” (DIPPR 801 uses the classification of accep-
ted for the value recommended by the DIPPR 801 staff) experimental data within the
DIPPR� 801 database to determine an average absolute percent deviation. Users may
opt to evaluate methods by comparing predicted values to selected compounds, entire
families or classes of compounds, or using the entire database.

When the DIADEM evaluation is complete, the methods are ordered by lowest
overall average absolute deviation (AAD) from experimental data. DIADEM displays
the AAD for each method, the compounds that resulted in the lowest and highest
deviation for each method, and a list of deviations for each method sorted by compound
family (Fig. 4). Additionally, the evaluation results are stored for later access.
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Fig. 3 Setup of critical temperature evaluation for Ambrose [2,3], Joback [4], Lydersen [5], and Wilson-
Jasperson [6] methods

Fig. 4 DIADEM’s prediction package evaluation results interface

Prediction methods for two properties were evaluated for this work. Shown in Tables
1 and 2 are the AAD results by family for the critical temperature and normal boiling
point.

3.2 Benefits of Prediction Method Evaluation

Evaluation of methods in this manner provides several benefits. From the results it is
easy to determine which prediction methods apply to specific families. Extensive eva-
luation of properties by chemical families aids the user in selecting the most accurate
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Table 1 Evaluation results for Ambrose, Joback, Lydersen, and Wilson-Jasperson methods of predicting
critical temperature

AAD (%)

Family Comps Ambrose Joback Lydersen Wilson-Jasperson

Overall 565 4.06 3.49 3.38 3.57

1-alkenes 15 0.24 0.21 0.38 0.16

2,3,4-alkenes 8 0.18 0.63 0.22 0.17

Acetates 10 0.81 0.47 0.79 0.39

Aldehydes 10 0.92 1.74 2.02 1.21

Aliphatic ethers 18 0.65 0.58 0.49 0.81

Alkylcyclohexanes 5 1.52 1.97 3.30 2.02

Alkylcyclopentanes 2 0.59 0.49 0.37 0.13

Alkynes 3 36.26 35.49 35.86 34.38

Anhydrides 2 6.43 0.03 0.47 10.19

Aromatic alcohols 17 0.66 1.42 1.43 0.96

Aromatic amines 13 1.01 0.97 1.06 1.03

Aromatic chlorides 3 0.60 0.55 0.58 0.45

C, H, Br compounds 5 0.96 1.82 1.10 1.42

C, H, F compounds 43 6.21 1.17 1.71 1.76

C, H, I compounds 3 0.59 0.51 0.49 1.20

C, H, multihalogen compounds 21 8.19 0.63 0.56 0.82

C, H, NO2 compounds 1 0.02 0.01 0.02 0.11

C1/C2 aliphatic chlorides 12 0.59 0.89 0.76 0.52

C3 & higher aliphatic chlorides 6 0.72 0.97 0.91 0.71

Cycloaliphatic alcohols 1 1.17 4.21 4.73 1.56

Cycloalkanes 4 0.52 0.45 0.33 1.93

Cycloalkenes 2 0.22 0.07 0.14 0.66

Dialkenes 3 0.78 0.57 0.89 0.79

Dimethylalkanes 11 1.24 0.43 0.39 1.37

Diphenyl/polyaromatics 4 0.89 1.02 1.01 1.55

Elements 20 23.60 21.99 22.34 17.35

Epoxides 6 1.07 1.01 0.88 2.10

Formates 5 0.90 1.52 0.70 2.68

Inorganic acids 5 2.99 5.72 4.72 3.37

Inorganic bases 1 0.15 2.62 1.02 0.07

Inorganic gases 25 17.59 16.19 15.20 15.87

Inorganic halides 11 15.87 13.08 12.71 11.71

Isocyanates/diisocyanates 1 0.54 3.36 1.82 12.14

Ketones 25 0.92 1.30 1.46 8.53

Mercaptans 5 0.17 0.37 0.46 0.17

Methylalkanes 11 1.49 0.35 0.41 0.53

Methylalkenes 4 0.50 1.37 2.20 0.65
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Table 1 continued

AAD (%)

Family Comps Ambrose Joback Lydersen Wilson-Jasperson

Multiring cycloalkanes 2 1.62 1.04 3.00 0.76

n-alcohols 15 0.37 2.48 2.66 0.97

n-aliphatic acids 8 1.02 1.30 1.02 1.26

n-aliphatic primary amines 4 0.84 0.58 0.69 0.74

n-alkanes 5 0.07 0.64 1.11 0.19

n-alkylbenzenes 1 1.05 0.37 0.46 0.76

Naphthalenes 2 1.39 1.18 1.00 1.19

Nitriles 8 3.34 1.88 2.16 2.01

Organic/inorganic compounds 1 2.16 2.86 2.42 7.52

Othera aliphatic acids 3 1.64 1.50 1.61 1.02

Other aliphatic alcohols 25 1.38 2.24 2.35 0.85

Other aliphatic amines 12 0.89 0.72 0.80 1.23

Other alkanes 18 1.04 0.53 0.60 2.66

Other alkylbenzenes 9 0.99 0.98 0.89 1.05

Other amines, imines 3 0.38 0.32 0.73 1.25

Other condensed rings 1 0.87 0.82 1.06 5.00

Other ethers/diethers 8 0.81 0.51 0.63 1.30

Other hydrocarbon rings 1 0.53 0.78 0.35 1.82

Other inorganics 5 3.01 8.02 6.72 2.86

Other polyfunctional C, H, O 8 1.56 3.92 4.36 2.69

Other saturated aliphatic esters 5 1.47 1.42 1.57 1.95

Polyfunctional amides/amines 5 8.45 2.44 2.54 3.72

Polyfunctional C, H, O, halide 11 4.35 2.82 2.79 4.74

Polyfunctional C, H, O, N 2 0.06 0.99 0.86 4.74

Polyfunctional C, H, O, S 1 1.13 1.67 1.76 9.62

Polyfunctional esters 6 0.75 0.84 0.83 1.63

Polyols 7 5.43 8.72 8.96 7.08

Propionates and butyrates 11 0.41 0.51 0.57 0.45

Silanes/siloxanes 23 5.72 8.70 5.29 5.44

Sulfides/thiophenes 12 1.80 1.54 1.20 1.58

Terpenes 2 0.96 1.59 1.40 0.64

a The term “other” in Tables 1 and 2 refer to those compounds that are not accurately categorized by the
more detailed classification. For example, “other polyfunctional C, H, O” are compounds that contain C,
H, and O atoms, but can not be readily classified in any of the other polyfunctional families
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Table 2 Evaluation results for BYU-NBP [7], Joback [4], Miller [8], and Stein [9] methods of predicting
normal boiling point

AAD (%)

Family Comps BYU-NBP Joback Miller Stein

Overall 1566 12.53 17.20 10.19 15.59

1-alkenes 31 2.89 5.35 3.36 4.15

2,3,4-alkenes 28 1.37 2.60 2.10 3.42

Acetates 24 1.39 1.57 3.19 0.68

Aldehydes 29 1.30 3.20 6.46 1.77

Aliphatic ethers 35 1.87 2.39 2.85 1.80

Alkylcyclohexanes 18 1.51 1.12 5.25 3.52

Alkylcyclopentanes 11 1.22 1.48 3.69 2.65

Alkynes 17 1.29 6.85 3.66 3.39

Anhydrides 8 3.56 4.87 5.02 4.23

Aromatic alcohols 35 2.50 4.22 12.52 1.43

Aromatic amines 30 6.92 3.27 6.93 2.66

Aromatic carboxylic acids 6 6.86 4.65 9.25 1.43

Aromatic chlorides 17 0.89 2.06 6.87 1.76

Aromatic esters 19 3.25 9.10 4.77 1.89

C, H, Br compounds 18 2.79 2.55 12.08 2.48

C, H, F compounds 49 18.99 9.30 7.68 19.74

C, H, I compounds 13 1.92 3.42 8.12 2.95

C, H, multihalogen compounds 37 4.74 10.34 4.30 13.88

C, H, NO2 compounds 11 1.12 14.23 5.69 8.09

C1/C2 aliphatic chlorides 20 2.15 3.56 5.23 7.08

C3 & higher aliphatic chlorides 31 1.23 7.80 4.46 3.89

Cycloaliphatic alcohols 10 9.12 5.31 4.78 2.44

Cycloalkanes 6 4.20 5.37 1.25 5.53

Cycloalkenes 10 2.33 1.88 4.41 2.81

Dialkenes 28 1.50 2.48 4.12 2.83

Dicarboxylic acids 1 1.31 5.74 6.14 2.96

Dimethylalkanes 21 1.49 1.67 2.02 4.40

Diphenyl/polyaromatics 12 3.01 9.31 7.21 2.89

Elements 30 312.73 523.90 43.84 490.67

Epoxides 14 6.67 2.31 4.56 3.34

Ethyl & higher alkenes 12 1.05 1.76 3.16 2.20

Formates 12 0.67 1.65 3.68 0.91

Inorganic acids 9 32.53 22.13 47.33 19.83

Inorganic bases 3 37.07 37.93 49.02 34.58

Inorganic gases 26 54.43 43.15 25.61 47.08

Inorganic halides 22 41.50 36.59 49.02 37.22

Isocyanates/diisocyanates 5 0.68 19.85 2.26 4.19
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Table 2 continued

AAD (%)

Family Comps BYU-NBP Joback Miller Stein

Ketones 41 2.23 3.22 3.55 2.75

Mercaptans 21 1.52 3.89 4.94 2.35

Methylalkanes 18 1.69 2.78 1.88 3.07

Methylalkenes 22 1.27 2.29 3.59 1.96

Multiring cycloalkanes 3 2.33 1.04 5.55 5.42

n-alcohols 12 4.49 2.91 9.52 1.50

n-aliphatic acids 26 2.98 3.27 8.89 1.07

n-aliphatic primary amines 13 1.84 3.48 7.08 2.09

n-alkanes 20 2.73 10.12 2.58 8.40

n-alkylbenzenes 10 0.91 0.80 2.77 1.97

Naphthalenes 13 1.36 2.19 3.13 1.56

Nitriles 24 2.73 12.86 20.94 6.70

Organic salts 16 25.13 16.06 48.87 8.18

Organic/inorganic compounds 7 24.10 20.58 39.96 18.48

Othera aliphatic acids 16 1.73 3.51 5.19 0.98

Other aliphatic alcohols 39 2.05 4.55 9.15 1.42

Other aliphatic amines 22 1.98 6.05 6.22 2.56

Other alkanes 23 2.09 1.92 1.98 6.98

Other alkylbenzenes 49 0.99 2.80 3.49 1.65

Other amines, imines 33 4.79 5.98 9.02 3.15

Other condensed rings 11 1.17 1.94 12.57 3.47

Other ethers/diethers 20 4.41 3.32 5.36 2.65

Other hydrocarbon rings 11 4.75 1.63 3.53 3.02

Other inorganic salts 1 19.61 20.07 99.99 21.67

Other inorganics 12 58.08 53.31 63.31 53.76

Other monoaromatics 15 1.24 2.81 6.06 1.06

Other polyfunctional C, H, O 42 2.51 5.11 10.92 2.93

Other polyfunctional organics 5 6.42 8.40 30.92 4.16

Other saturated aliphatic esters 18 5.40 9.65 5.05 2.46

Peroxides 4 1.84 5.68 12.38 11.13

Polyfunctional acids 3 15.88 7.94 9.25 4.62

Polyfunctional amides/amines 22 12.69 12.13 13.87 5.08

Polyfunctional C, H, N, halide, (o) 9 9.78 10.58 7.16 6.37

Polyfunctional C, H, O, halide 45 5.15 7.81 9.60 8.35

Polyfunctional C, H, O, N 20 6.40 8.08 10.22 3.04

Polyfunctional C, H, O, S 9 8.00 17.26 11.63 6.18

Polyfunctional esters 20 3.01 5.61 7.80 2.41

Polyfunctional nitriles 2 2.67 0.98 11.11 6.50

Polyols 32 4.01 6.89 27.79 4.49
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Table 2 continued

AAD (%)

Family Comps BYU-NBP Joback Miller Stein

Propionates and butyrates 13 0.58 1.15 2.07 0.84

Silanes/siloxanes 43 18.44 11.12 8.52 6.53

Sodium salts 7 61.81 66.11 77.30 68.15

Sulfides/thiophenes 41 4.56 3.04 4.35 3.19

Terpenes 7 1.60 1.30 5.66 2.25

Unsaturated aliphatic esters 18 1.85 2.49 2.80 1.07

a The term “other” in Tables 1 and 2 refer to those compounds that are not accurately categorized by the
more detailed classification. For example, “other polyfunctional C, H, O” are compounds that contain C,
H, and O atoms, but can not be readily classified in any of the other polyfunctional families

method for the compound of interest. This reduces time required in literature research
and increases overall accuracy of the estimated properties.

Knowledge that a particular family produces higher deviations for a particular
method also indicates that functional groups unique to that family may be poorly
determined and need tuning. Work may then be focused on acquiring or modifying
contributions for just those specific groups with higher deviations, rather than crea-
ting an entirely new method. Additionally, consistently high deviations using several
methods may indicate families and/or properties in need of further experimental data.

4 Conclusions

DIADEM’s prediction method evaluator is a powerful tool for evaluating prediction
techniques and assisting in the improvement of existing techniques and development
of new techniques. Evaluating methods using the whole DIPPR 801 database and
comparing results for specific families of compounds pinpoints functional groups
that existing methods do not accurately represent. This guides the wise use of existing
methods and focuses correlational and experimental efforts for efficient improvements.
The modular form of the way in which new methods can be entered allows users to
input, test, and further develop new prediction methods in real time.
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