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FIG. S1: (a) shows the frequency of atom types across molecules, (b) represents the Spear-

man rank correlation between the ranked values of the original w scale and logarithmically

transformed w values.
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TABLE S1: Hyperparameters of 2D GNN models for w prediction.
Hyperparameter GINE GIN GATv2 GraphSAGE AFP GCN
Epochs 240 300 120 240 300 180
Batch size 32 128 32 32 128 64
Learning rate 1.0x107° 1.0x 1073 44x107° 44x107° 1.0x1073 1.0x 1073
Weight decay 1.0x 1075 1.0x107% 486 x107% 50x107% 1.0x107° 1.0x 106
Number of layers - 6 6 4 5 4
Hidden channels 256 192 256 256 256 224
Dropout 0.1 0.1 0.2 0.2 0.0 0.0




TABLE S2: Hyperparameters of 3D GNN models for w prediction.

Hyperparameter GemNet SchNet ALIGNN
Epochs 163 105 300
Batch size 32 32 8
Learning rate 1.20 x 1074 7.13 x 107* 1.0 x 1073
Weight decay 1.84 x 1076 1.57 x 1076 1.0 x 107°
Number of layers 4 5 (interaction blocks) 4
Hidden channels 256 64 256
Number of filters - 256 -

TABLE S3: Performance metrics of GNN models for w prediction (log-transformed w) using
single train/test split and 5-fold cross-validation, ordered best to worst by CV RMSE.

Metric GINE AFP GIN GATv2 GraphSAGE GCN
Train/Test Split
Epochs 214 70 135 215 300 180
Train MAE 0.0470 0.0578 0.0516 0.0620 0.0635 0.0752
Test MAE 0.0524 0.0595 0.0586 0.0648 0.0662 0.0774
Train RMSE 0.0660 0.0836 0.0713 0.0883 0.0904 0.1049
Test RMSE 0.0774 0.0845 0.0832 0.0909 0.0924 0.1062
Train R? 0.9893 0.9830 0.9876 0.9810 0.9801 0.9733
Test R2 0.9857 0.9827 0.9832 0.9800 0.9793 0.9726
Train MSE 0.0044 0.0070 0.0051 0.0078 0.0082 0.0110
Test MSE 0.0060 0.0071 0.0069 0.0083 0.0085 0.0113
5-Fold Cross-Validation (mean £+ std)

MAE 0.0591+£0.0060 0.062040.0020 0.0704+0.0038 0.0753£0.0028 0.0773+0.0017 0.085640.0050
RMSE 0.0844+0.0062 0.090440.0028 0.0993+0.0043 0.105740.0041 0.1076+0.0035 0.117840.0049
R2 0.9826+£0.0027 0.980140.0012 0.9760+0.0020 0.972840.0021 0.97184+0.0018 0.966240.0029
MSE 0.0072£0.0011 0.008240.0005 0.009940.0009 0.0112+0.0009 0.011640.0008 0.0139+0.0012




TABLE S4: Performance metrics of ALIGNN, GemNet, and SchNet for w prediction using
single train/test split and 5-fold cross-validation (log-transformed w), ordered best to worst

by CV RMSE.

Metric ALIGNN GemNet SchNet

Train/Test Split (log-transformed w)

Train MAE 0.0222 0.0265 0.0329
Test MAE 0.0286 0.0360 0.0374
Train RMSE 0.0292 0.0352 0.0433
Test RMSE 0.0412 0.0531 0.0532
Train R? 0.9979 0.9970 0.9954
Test R? 0.9963 0.9932 0.9931

5-Fold Cross-Validation (mean =+ std, log-transformed w))

MAE 0.0313£0.0051  0.0403+0.0016  0.049340.0070
RMSE 0.0457+0.0035 0.0595+0.0019 0.0670+0.0073
R? 0.9949£0.0007  0.9914+0.0005  0.9890+0.0024




FIG. S2: Predicted vs. actual and residuals vs.
AFP, and GIN models (top to bottom).
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FIG. S3: Predicted vs. actual and residuals vs. actual of w (log-transformed w) for GATv2,
GraphSAGE, and GCN models (top to bottom).
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FIG. S4: 5-fold cross-validation R? scores for 2D and 3D molecular graph models predicting

w. (a) 2D models on log-transformed w. (b) 2D models on the original w scale. (c) 3D

models on log-transformed w. (d) 3D models on the original w scale.
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FIG. S5: Predicted vs. actual and residuals vs. actual of w (log-transformed w) for GemNet,

SchNet, and ALIGNN models (top to bottom).
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SECTION S1: EVALUATION METRICS FOR ELECTROPHILICITY INDEX
PREDICTION (w)

To assess the performance of regression models in predicting the w, we employ widely used
statistical metrics: MAE, MSE, RMSE, and the R?. These metrics quantify the discrepancy
between predicted and reference values, providing complementary perspectives on model accuracy.

The MAE measures the average magnitude of prediction errors, irrespective of their direction, and



is defined as:

1 n
MAE = — i — @il 1
n;:l\w @ (1)

where w; and @; denote the true and predicted w, respectively, and n is the total number of

molecules. The MSE emphasizes larger deviations by squaring the errors:

n

MSE = % Z (wi — @1)2 5 (2)

i=1

while the RMSE provides a measure in the same units as w:

RMSE = (w; — @)% (3)

1

S|

n
1=

The Coefficient of determination, R?, evaluates the proportion of variance in the reference data

explained by the model:

where @ is the mean of the true w. Values of R? closer to 1 indicate better predictive performance.
During model training, these metrics were computed on both the training and validation sets after
each epoch, with summary statistics recorded at regular intervals. Final evaluation was performed
on the independent test set to ensure robust and unbiased assessment of model predictive capability.
Collectively, these metrics provide a comprehensive evaluation of regression accuracy, reliability,

and generalization for w prediction.
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FIG. S6: Distribution of the electrophilicity index (w) across representative functional
groups. Boxes denote the interquartile range (IQR), the central line indicates the median,
whiskers show the data range, and outliers are plotted as individual points. White markers

represent the mean value for each group.
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