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(ii) Data converting and feature engineering

v Draw the chemical structure of donor and acceptor
and generated the SMILE code for each

¥ Standardize the SMILE code and convert into the
chemical descriptor’s using RDKit Library

- ¥ Removal of highly correlated (>0.8) and less
correlated feature (r<0.2)

¥ Statistical analysis of the photovoltaics parameters
and frontier molecular orbital levels and offsets.
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Figure S1 Workflow of building, application, and evaluations of machine learning models in

this work. Five steps as follows (i) Data collection, (ii) Chemical structure encoding and feature

engineering, (iif) ML Model training with different datasets, (iv) Prediction performance and

feature importance evaluation, and (v) Experimental verification of the proposed models.
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Figure S2 Distribution and histogram of the collected experimental PCE in the datasets
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Figure S3 Correlation heatmap between FMOs descriptors and photovoltaic parameters of the
polymer:NFA OSCs.

S2



Input variable for ML Models

Dataset 1
(Only FMOs)

Training\ N
og0
Best
('Y ) performing
‘__’. ) model
Validation -~

Chemical structure —
RDKit descriptors

Frontier molecular
orbitals (FMOs)
Collected dataset
o -

442 descriptors for

1
1
1
1
]
1
1
1 Dataset 2
1
1
1
1
]
1
one D/A pair :

1
1
|
1
|
:
(©Only RDKit) [
1
|
1
|
|
1
1

Target variable for ML Models

Figure S4 Workflow the ML model training and data selection
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Figure S5 Correlation plots of experimental and predicted value for best-performing ML
model (a) PCE, (b) Js¢c, and (c) Vo for dataset-3, where predicited values were obtianed by

the leave-one-out-cross-calidation technique.
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Figure S7 The feature importance ranking of FMO and RDK:it descriptors by SHAP value
analyses for (a) V¢ using GBR ML model
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Table S1 The predication performance of ML models for different photovoltaic parameters

using only FMOs descriptors (Dataset — 1).

Target variable ML Models MAPE RMSE r
Decision Tree Regressor 30.215 3.324 0.541

Gradient Boosting Regressor 25,595  2.427 0.670

PCE XGBoost Regressor 27.752  2.601 0.635
Random Forest Regressor 24.177  2.332 0.700
Artificial Neural Network 29.261  2.848 0.505
Decision Tree Regressor 22.860  4.805 0.533

Gradient Boosting Regressor 18.558  3.478 0.680

Jsc XGBoost Regressor 19.129  3.690 0.649
Random Forest Regressor 17.418  3.299 0.717
Artificial Neural Network 20.489  3.913 0.585
Decision Tree Regressor 7.927 0.100 0.531

Gradient Boosting Regressor 5.672 0.067 0.689

Voc XGBoost Regressor 5.660 0.071 0.661
Random Forest Regressor 5.489 0.065 0.704
Artificial Neural Network 6.480 0.073 0.603
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Table S2 Performance evaluation parameters for different ML models using LOOCYV using
FMOs+RDKit descriptors (Dataset — 3)

Target variable ML Models MAPE RMSE r
Random Forest Regressor 17.170  2.112 0.773
PCE Gradient Boosting Regressor 18.098  2.200 0.751
XGBoost Regressor 22.167  2.292 0.737
Artificial Neural Network 22,923  2.555 0.695
Random Forest Regressor 16.564  2.992 0.792
Gradient Boosting Regressor 14.203  2.570 0.842
Jse XGBoost Regressor 16.202  3.157 0.761
Artificial Neural Network 14574  2.832 0.804
Random Forest Regressor 4.468 0.058 0.813
Gradient Boosting Regressor 4.662 0.057 0.817
Voc XGBoost Regressor 4427 0058  0.814
Artificial Neural Network 4.684 0.069 0.802

Table S3 Manually collected datasets from the literature for Polymer:NFA based OSCs
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Table S4 Brief description and categories of critical molecular descriptors
Sr. . e )
No Descriptors Description Categories
These descriptors utilize the MR 2D matrix-
1. SMR-VSA 1-10 contribution as well as area of based
surface contribution descriptors
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10.

11.

12.

PEOE-VSA 1-14

MaxEstateIndex

SlogP-VSA 1-12

Estate-VSA 1-11

PEOE-VSA 1-14

NumHAcceptor

fr-C-O

MinAbsEstateindex

NumAliphaticHeterocycles

NumAliphaticRings

MinEStatelndex

The descriptors which used
surface area of contribution and
partial charges

Describe the maximum Estate
index

These descriptors use the
contribution slog-P as well as
surface area contribution

These utilize the indices Estate
and contribution of surface-area

These are the MOE-type
descriptors. The partial charge
or surface area contributions
used for calculation

Calculate the number of
acceptor atoms in the H-bonds
compound (N, O, and F)

These descriptors determine the
quantity of carbonyl O in the
compound

Minimum absolute Estate index

These are the descriptor which
measure the number of aliphatic
containing minimum one
nonaromatic bond hydro-cycle
for a molecule

These descriptors calculate the
number of aliphatic rings for
molecules

Describe Minimum Estate index

P_VSA-like
descriptors

Estate index
descriptor

2D matrix-
based
descriptors

Hybrid
Estate-VSA
descriptor

P_VSA-like
descriptors

Functional-
group count

Atom-
centered
fragment

Estate index

descriptors

Functional
group count

Functional
group count

State index
descriptor
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