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S1 Methods and Data

S1.1 Joback and Reid GC Predictions

Figure S1 shows how the JR GC model in particular (and simple GC models in general)

works. Each molecular group has a contribution to the total property value of the molecule.

The group contributions Tb,i for the normal boiling temperature Tb are obtained as parame-

ters from the JR GC model.1
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Figure S1: Illustration of Joback and Reid (JR) GC method

S1.2 Data Pre-processing

S1.2.1 Data Quality and Outlier Detection

Figures S2 and S3 show the results of outlier analysis on the entire datasets comparing

predictions from the Joback and Reid (JR) GC method with experimental data. Either

a power law or linear function (green line) was fitted to the JR GC predictions compared

to experimental data, as shown in Figure S2. Two boundary lines (red lines) were then

constructed, representing two standard deviations of the JR GC predictions from the function

fit line for each property. Red points represent suspected outliers. These points were the

focus of data quality checks. For all data points flagged by the outlier detection code,

we cross-checked the reported values in the CRC Handbook of Chemistry and Physics2

with values from Yaws’ Critical Property Data for Chemical Engineers and Chemists3 as

available in the Knovel database. Comparisons were also made with reported values in the

National Institute of Standards and Technology (NIST) WebBook, as available. For all

suspected outlier points, there was agreement between the CRC Handbook of Chemistry

and Physics and Yaws’ Critical Property Data for Chemical Engineers and Chemists, except

for three molecules in the �Hvap dataset. Figure S4 shows the three molecules for which we
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Figure S2: Outlier analysis using JR GC predictions

Figure S3: Outlier scores. Scores scaled by one standard deviation of the GC predictions.

consider the entries in the CRC Handbook of Chemistry and Physics to be incorrect. We

compared the values from the CRC Handbook of Chemistry and Physics with those from

Yaws’ Critical Property Data for Chemical Engineers and Chemists, as well as data from
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Figure S4: Molecules with erroneous �Hvap data from CRC Handbook of Chemistry and
Physics. Blue text is CAS number, red is JR GC predictions, black is CRC Handbook data,
and green is Yaws’ critical properties handbook data.

the NIST WebBook.4 For the three molecules shown in Figure S4, the reported values from

Yaws’ Critical Property Data for Chemical Engineers and Chemists and those from NIST

agree with each other while those from the CRC Handbook of Chemistry and Physics are

significantly different.

Table S1: �Hvap values compiled by National Institute of Standards and Technology (NIST)
for molecules with erroneous �Hvap data from CRC Handbook of Chemistry and Physics.
The collated data from NIST and Yaws’ critical properties handbook data agree (consider-
ing the trend in �Hvap with temperature) and differ from those of the CRC Handbook of
Chemistry and Physics

CAS RN T /K �Hvap

/kJmol�1

Tb /K Reference for
�Hvap, Tb

96-48-0 357 51.8 479.20 5,6

392 49.5 5

407 48.2 7

590-67-0 355 49.1 428.20 7,8

464-49-3 298.15 55.3 482.15 2,9

Table S1 shows data from NIST WebBook as collated from the original references shown

in Table S1 for the three molecules shown in Figure S4. Figure S5 shows the outlier analysis

results after the experimental data from the CRC Handbook of Chemistry and Physics for

the three molecules in Figure S4 have been replaced with those from Yaws’ Critical Property

Data for Chemical Engineers and Chemists. Interestingly, once the experimental data from

the CRC Handbook of Chemistry and Physics for the three molecules in Figure S5 were

replaced with the correct values from Yaws’ Critical Property Data for Chemical Engineers
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Figure S5: �Hvap outlier analysis and scores after removing erroneous data from the CRC
Handbook of Chemistry and Physics

and Chemists, the molecules were no longer flagged as outliers.

Figure S6: Molecules with large bias in JR GC �Hvap predictions

There were still, however, three other molecules for �Hvap that remained flagged as

outliers and whose data from the CRC Handbook of Chemistry and Physics were shown to

be most likely correct, as they agree with data from NIST and Yaws’ Critical Property Data

for Chemical Engineers and Chemists. These three molecules are shown in Figure S6. It can

be observed that these molecules are highly fluorinated or highly nitrated molecules. Detailed

discussions have been provided in the main text about why the JR GC model significantly

underestimates �Hvap for highly fluorinated molecules and overestimates �Hvap for highly

nitrated molecules, as shown in Figure S5.
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S1.2.2 Visualization of Feature vs Label Data

Figures S7 and S8 show results of further 2D data visualization for all properties in relation

to the input features of the GCGP model. Figure S7 shows the discrepancy between exper-

imental data and JR GC predictions as a function of molecular weight (MW). Clear trends

in discrepancy as a function of MW can be observed for Tb, Tc, Tm, and Vc. The trend is

less observable for �Hvap and Pc. Figure S8 shows clear trends between MW and several

properties including Pc, Tb, Vc, and Tc.

Figure S7: Data visualization for all properties of interest. For each subplot, the x-axis is
the molecular weight, and the y-axis is the discrepancy between the experimental and GC
predicted property value.

S1.3 GP Models

We implemented four separate GP model structures to improve the results of JR GC predic-

tions. Three of the models (Models 1, 3, and 4) require both the GC property predictions

yGC and molecular weights (M.W), and one (Model 2) only requires (MW) as an input.

Each model makes different assumptions about the relationship between the input features
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