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Datasets #molecules #Tasks Model Types Metrics Description 

QM9 133,885 12 Regression MAE DFT based quantum mechanical calculations 

ESOL 1,128 1 Regression RMSE Water solubility 

FreeSolv 643 1 Regression RMSE Solvation free energy 

Lipop 4,200 1 Regression RMSE Lipophilicity 

MUV 93,127 17 Classification ROC The Maximum Unbiased Validation (MUV) 

group selected from PubChem BioAssay 

HIV 41,913 1 Classification ROC Inhibition to virus HIV replication 

BACE 1,522 1 Classification ROC Inhibition to human β-secretase 1 (BACE-1) 

BBBP 2,053 1 Classification ROC Blood-brain barrier penetration 

Tox21 8,014 12 Classification ROC Qualitative toxicity measurements on 12 targets 

ToxCast 8,615 617 Classification ROC Qualitative toxicity measurements over 617 

experiment 

SIDER 1,427 27 Classification ROC Adverse drug reactions for marketed drugs 

ClinTox 1,491 2 Classification ROC Compounds approved or failed clinical trial for 

toxicity reasons 
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No. Property Unit Description 

1 mu D Dipole moment 

2 alpha Bohr^3 Isotropic polarizability 

3 HOMO Hartree Energy of HOMO 

4 LUMO Hartree Energy of LUMO 

5 gap Hartree Gap (ϵLUMO−ϵHOMO) 

6 R2 Bohr^2 Electronic spatial extent 

7 ZPVE Hartree Zero point vibrational energy 

8 U0 Hartree Internal energy at 0 K 

9 U Hartree Internal energy at 298.15 K 

10 H Hartree Enthalpy at 298.15 K 

11 G Hartree Free energy at 298.15 K 

12 Cv cal/(mol*K) Heat capacity at 298.15 K 
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0�� �0;,4�(�352,*:2,���� & ∈ ()*+(-)�� / ∈ 0123ℎ5*6(7)�
8& ← ()*+:1;)<61(7)�� =#> ← ?*@A:1;)<61(7, <)�
C = 0,1,… , H�� I = 0,1,… , )�

J ← 726)<;K	L<M16	@*A1 denotes whole molecule 

1.� Atom Embedding�
1)� 2$%'!	C = N��

2)� "*-�,(*/�(953� &� 04�352,*:2,����

3)� O&N ← "PQ/(RSTU ∙ 8&)�
4)� 2$%'!	C ≥ X��

5)� "*-�,(*/�(953� &� 04�352,*:2,����

6)� "*-�,(*/�(953� /� 04�0123ℎ5*6(7)��

7)� %"	C == X��

8)� Y> ← Z[Y\]^PY]^P	[8/, 	=#>]�
9)� O>N ← "PQ/(RSTa ∙ 	Y/)�
10)� P&/CbX ← QP]cd_"PQ/(R · [O#gbU,O/gbU])�

11)� ]&/CbX ← J[h^i]j(17<) =
Pjk	(P&/CbX)

∑ Pjk	(P&/CbX)<∈0(7)
�

12)� Z&CbX ← PQ/m n ]&/CbX ∙R · O&CbX
<∈0(7)

o�

13)� O&C ← pqr(Z&CbX,O&CbX)�

2.� Molecule Embedding�
1)� 2$%'!	I = N��

2)� OJN ← s/i(O&c)�
3)� 2$%'!�X ≤ I ≤ u��

4)� "*-�,(*/�(953� &� 04�352,*:2,����

5)� PJ&
IbX ← QP]cd_"PQ/(v · [OJ

IbX,O&
IbX])�

6)� ]J&
IbX 	← J[h^i]j(1w#) =

Pjk	(PJ&
IbX)

∑ Pjk	(PJ&
IbX)>∈x(#)

�

7)� ZJ
IbX ← PQ/y n ]J&

IbX ∙ R · OJ
IbX

#∈x(w)

z�

8)� OJ
I ← pqr(ZJ

IbX,OJ
IbX)�
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iteration radius T 
fingerprint 

dimension 
dropout 

weight 

decay(L2) 

learning 

rate 
best epoch best MSE 

 
Int([1,6]) Int([0,6]) Int([30,300]) [0,0.5] 10E-[0,6] 10E-[0,5] 

  

0 4  4  88  0.17  3.54  3.43  360 0.328  

0 4  3  235  0.38  3.33  4.29  524 0.392  

1 5  4  262  0.21  2.84  3.61  193 0.410  

2 2  3  112  0.20  2.92  4.22  778 0.363  

3 3  1  165  0.19  2.05  2.74  141 0.471  

4 4  4  211  0.15  3.16  4.69  790 0.416  

5 5  3  144  0.43  3.90  4.11  484 0.371  

6 5  3  52  0.02  4.33  2.31  229 0.315  

7 2  5  188  0.00  2.00  2.00  121 0.450  

8 4  3  174  0.06  2.75  4.09  782 0.362  

9 4  1  192  0.03  2.85  3.18  363 0.375  

10 2  1  69  0.22  2.97  4.72  797 0.657  

11 6  5  108  0.00  5.00  2.00  81 0.348  

12 2  2  127  0.37  3.28  3.83  435 0.358  

13 5  3  276  0.01  3.64  4.66  788 0.335  

14 2  2  248  0.31  4.97  2.53  115 0.265  

15 5  3  98  0.01  4.98  3.94  704 0.295  

16 5  1  81  0.00  2.43  2.94  283 0.368  

17 2  2  206  0.35  4.45  2.57  98 0.254  

18 4  4  219  0.36  4.32  3.67  402 0.309  

19 3  4  151  0.00  5.00  3.84  341 0.301  

20 2  4  204  0.17  4.51  2.95  173 0.279  

��<,0./9�+,*(>�(4+�2,(7404.�7(9,�(7,�7,8*(2,+�)>�@25.
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Task Sample MAD Training Validation Test 

mu 1.189±0.012 0.368±0.002 0.438±0.004 0.451±0.006 

alpha 6.299±0.053 0.474±0.003 0.495±0.003 0.492±0.008 

HOMO 0.016±0.00006 0.00315±0.00012 0.00356±0.00023 0.00358±0.00018 

LUMO 0.039±0.00008 0.00388±0.00010 0.00418±0.00021 0.00415±0.00020 

gap 0.040±0.003 0.00480±0.00022 0.00520±0.00012 0.00528±0.00015 

R2 202.017±0.522 25.359±0.187 26.622±0.628 26.839±0.913 

ZPVE 0.026±0.0010 0.00188±0.000018 0.00138±0.00015 0.00120±0.00016 

U0 31.073±0.345 0.845±0.062 0.893±0.028 0.898±0.016 

U 31.071±0.330 0.845±0.055 0.895±0.026 0.893±0.014 

H 31.072±0.335 0.843±0. 052 0.855±0. 029 0.893±0.019 

G 31.072±0.338 0.848±0. 073 0.845±0. 025 0.893±0.018 

Cv 3.204±0.042 0.246±0.003 0.253±0.003 0.252±0.005 
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Category Datasets #Mol. #Tasks Metrics Training Validation Test 
Average best 

epoch 
radius T 

fingerprint 

dimension 
dropout 

weight 

decay(L2) 

learning 

rate 

Physical 

Chemistry 

ESOL 1128 1 RMSE 0.290±0.065 0.496±0.032 0.503±0.076 83 2 2 200 0.3 5 2.5 

FreeSolv 643 1 RMSE 0.398±0.031 0.693±0.032 0.736±0.037 104 2 2 200 0.3 5 2.5 

Lipop 4200 1 RMSE 0.151±0.008 0.568±0.013 0.578±0.018 127 2 4 200 0.3 5 2.5 

Bioactivity 

MUV 93127 17 
PRC 0.431±0.112 0.213±0.032 0.221±0.047 

28 3 2 250 0.2 3.5 3.7 
ROC 0.951±0.012 0.846±0.015 0.843±0.012 

HIV 41913 1 ROC 0.924±0.014 0.835±0.019 0.832±0.021 69 4 2 150 0.1 2.9 3.5 

BACE 1522 1 ROC 0.910±0.006 0.861±0.008 0.850±0.012 130 3 2 150 0.1 2.9 3.5 

Physiology or 

Toxicity 

BBBP 2053 1 ROC 0.96±0.012 0.912±0.014 0.920±0.015 198 3 2 150 0.1 2.9 3.5 

Tox21 8014 12 ROC 0.943±0.013 0.860±0.005 0.858±0.014 85 3 3 200 0.5 3 3.5 

ToxCast 8615 617 ROC 0.948±0.025 0.809±0.025 0.805±0.022 205 3 3 200 0.5 3 3.5 

SIDER 1427 27 ROC 0.869±0.012 0.612±0.015 0.637±0.017 45 3 3 200 0.5 3 3.5 

ClinTox 1491 2 ROC 0.961±0.008 0.942±0.009 0.940±0.018 70 3 3 200 0.5 3 3.5 


