Knowledge of boiling point is of importance in tasks such as finding out
a chemical's vapor pressure and hence toxicity. However, boiling points
are not always available in literature, and are expensive and time
consuming to measure. Hence, computational methods are of interest.

Three main issues with current boiling point estimation are:

1 It requires knowledge of the structure of a compound.

It requires a pure sample of the compound, which is not
always available.

To derive the structure of a compound, specialized apparatus
IS required for analysis, and this can take up to half an hour.

Current computational methods include the OPERA (OPEn
(quantitative) structure-activity Relationship Application) model for
boiling point proposed by Mansouri et al, which utilizes molecular
descriptors generated using the PaDEL software. This model faces the
first issue - molecular descriptors can only be generated for a known
structure. The model has an RMSE of 22.08.

Contributions:

Created a model which predicts boiling points from IR
spectra (which can be quickly and efficiently taken)

Showed than CNNs perform significantly better than
conventional machine learning models and MLPs

Project Pipeline:
Boiling points, molecular descriptors

Takes In  molecular structure,
generates a molecular descriptor, and
predict the boiling point, based on
machine learning principles.

Models using IR spectra will be compared to the baseline model to
find out if using IR spectra is feasible for boiling point prediction.

Boiling points, IR spectra

Hypothesize worse performance than

/' baseline

Hypothesize XGBoost will do better
as it was shown online (e.g. Kaggle

_/competitions) to do well in various
tasks

Hypothesize FFNNs better capture
links between different peaks and

_/vSu bstructures

Hypothesize that with  differently
sized filters convolved over the
CNNs identity

/vspectral input,
_ differently sized peaks in the data and

outperform FFNNs
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Feed
Forward
Neural
Network
(FFNN)

architecture Output

Input FC1 FC2 FC3 1x1 - Convolutional + ReLu

1x1436

Fully Connected + Relu

- Fully Connected

Determined by hyperparameter search

Convolutional
Neural
Network
(CNN)
architecture:

Output

FC3 FC4 1x1

Conv2

Molecular
descriptors

R
OPERA | Baseline andom XGBoost CNN
Forest

22.08 20.79 58.99 56.02 47.60

1. Is it feasible to explore the use of IR spectra for prediction of boiling
points?
 CNN has a higher RMSE than baseline and opera models but shows
promise for boiling point prediction in scenarios when the chemical is
unknown and hence molecular structure and descriptors are
unknown, rendering models like baseline and OPERA inapplicable.

IR spectra

« Lower accuracy could be due to IR spectra data being more prone to
noise from experimental conditions or contamination.

2. Do CNNs outperform FFNNs in handling spectral input?
 CNNs outperform FFNNs in handling spectral input as it can leverage
differently sized filters to learn patterns during the convolution
process.

 Hence, CNNs can be explored for models with spectral inputs.

Further work
« Contrastive Learning to encode implicit molecular information in
the model
 More data and data augmentation for other physical states of
chemicals than just gas.




