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Supplementary Vacancy Formation Energy CV Analysis

Each structure in the vacancy formation energy dataset represents an oxide containing multiple computed neutral
vacancy formation energies for various oxygen or cation sites in the crystal structure. Therefore, even Ck = Element
test set examples may possibly still correspond to a local environment that is fairly similar to a train example. This
could occur if the training example corresponds to a vacancy site that is not the hold-out element, or the hold-out
element does not populate a site with close interaction with the vacancy site. The test set predictions can be further
filtered to keep only those whose vacancy site’s elemental identity, VZ , is the same as the hold-out element, Z. In
this extreme case, not only does the test set example correspond to a structure containing an unseen element during
the training, but the actual vacancy site also corresponds to that unseen element.

Supplementary Figures 1 and 2 re-visualize Figure 2(a), (b) of the main text, respectively. All test set predictions
are shown in gray, but only the subset of ∆ĤVZ

test set predictions are color-coded, and their MAE and R2 are
reported. As expected the model performance is poor, however, surprisingly high R2 values can be achieved for
some elements like Ti, Co, Sr, Y, and La, while exceptionally poor performance is observed for others like Mg,
Al, Fe, Ca, and In. Simply using bootstrapped model ensembles (Supplementary Figure 2) instead of a single
model (Supplementary Figure 1), helps correct for these most egregious errors and generally improves the MAE and
R2 across all hold-out elements. Ultimately, Supplementary Figure 2’s extreme OOD subsets of test predictions,
whose errors are partially masked by all predictions in that test set (Supplementary Figure 4), can yield surprisingly
high R2 and empirical evidence for the excellent generalization capabilities of dGNN and GNNs in general. As an
alternative visualization of Fig 2(c), we also plot the expected MAE and R2 test set statistics as quartile box plots
in Supplementary Figure 5.
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Supplementary Figure 1: Re-visualizing Figure 2(a), corresponding to Ck = Element, T = None, S = K, but
broken down by each test fold Z, where only VZ test predictions are color-coded.
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Supplementary Figure 2: Re-visualizing Figure 2(b), corresponding to Ck = Element, T = Binary, S = (K,L),
but broken down by each test fold Z, where only VZ test predictions are color-coded.
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Supplementary Figure 3: Re-visualizing Figure 2(a), corresponding Ck = Element, T = None, S = K, but
broken down by each test fold Z where all test predictions are color-coded.
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Ĥ
V
} L
〉(

d
G

N
N

)
[e

V
]

Supplementary Figure 4: Re-visualizing Figure 2(b), corresponding to Ck = Element, T = Binary, S = (K,L),
but broken down by each test fold Z where all test predictions are color-coded.
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Supplementary Figure 5: Re-visualizing Figure 2(c), but using quartile box plots to represent (a) the expectation
MAE and (b) R2 of the outer test set predictions for the defect dataset. Circles represent outliers, while stars
represent the mean.

Supplementary Work Function CV Analysis

Supplementary Figure 6 supports Figure 3 of the main text for splitting strategies CK = {Elements, Periodic Table
Group, SG#, Point Group, and Crystal System}. As an alternative visualization of Fig 3(c), we also plot the
expected MAE and R2 test set statistics as quartile box plots in Supplementary Figure 7. Supplementary Figure 8
shows the periodic table of elements heatmaps of MAEs and test set fraction for the work function dataset utilizing
the LOO element split strategy. The largest MAEs are observed for holding out F, H, O, or Cl.
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Supplementary Figure 6: Parity plots of DFT-calculated vs. ML-predicted work functions are shown for (a) K-fold
and (b) nested (K,L)-fold splits for splitting strategies CK = {Elements, Periodic Table Group, SG#, Point Group,
and Crystal System}. The color scale is on a logarithmic scale w.r.t the number of structures at that grid point. The
corresponding MAEs are displayed in (c) for K-fold and nested (K,L)-fold splits in green and orange, respectively.
The residuals, |ϕDFT − ⟨{ϕML}L⟩|, are plotted vs. the standard deviation of the work function predictions (nested
K-fold) in (d) alongside the average and standard deviation of residuals in 9 bins (white circles and red error bars,
respectively). All units in eV and the x = y line is highlighted in cyan.
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Supplementary Figure 7: Re-visualizing Figure 3(c), but using quartile box plots to represent (a) the expectation
MAE and (b) R2 of the outer test set predictions for the work function dataset. Circles represent outliers, while
stars represent the mean.
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(a) MAE heatmap

1
H
0.96

2
He

3
Li
0.33

4
Be
0.25

5
B
0.34

6
C
0.42

7
N
0.40

8
O
0.71

9
F
1.18

10
Ne

11
Na
0.38

12
Mg
0.14

13
Al
0.15

14
Si
0.15

15
P
0.17

16
S
0.38

17
Cl
0.66

18
Ar

19
K
0.27

20
Ca
0.18

21
Sc
0.17

22
Ti
0.27

23
V
0.22

24
Cr
0.22

25
Mn
0.23

26
Fe
0.13

27
Co
0.13

28
Ni
0.13

29
Cu
0.22

30
Zn
0.14

31
Ga
0.14

32
Ge
0.13

33
As
0.20

34
Se
0.28

35
Br
0.43

36
Kr

37
Rb
0.20

38
Sr
0.15

39
Y
0.10

40
Zr
0.15

41
Nb
0.25

42
Mo
0.31

43
Tc
0.18

44
Ru
0.15

45
Rh
0.12

46
Pd
0.13

47
Ag
0.18

48
Cd
0.11

49
In
0.11

50
Sn
0.14

51
Sb
0.16

52
Te
0.26

53
I
0.32

54
Xe

55
Cs
0.41

56
Ba
0.23

72
Hf
0.20

73
Ta
0.26

74
W
0.21

75
Re
0.20

76
Os
0.13

77
Ir
0.16

78
Pt
0.20

79
Au
0.21

80
Hg
0.25

81
Tl
0.12

82
Pb
0.15

83
Bi
0.21

84
Po

85
At

86
Rn

87
Fr

88
Ra

104
Rf

105
Db

106
Sg

107
Bh

108
Hs

109
Mt

110
Ds

111
Rg

112
Cn

113
Nh

114
Fl

115
Mc

116
Lv

117
Ts

118
Og

57
La
0.10

58
Ce
0.11

59
Pr
0.07

60
Nd
0.06

61
Pm

62
Sm
0.05

63
Eu
0.18

64
Gd
0.06

65
Tb
0.06

66
Dy
0.04

67
Ho
0.08

68
Er
0.04

69
Tm
0.04

70
Yb
0.17

71
Lu
0.10

89
Ac

90
Th

91
Pa

92
U

93
Np

94
Pu

95
Am

96
Cm

97
Bk

98
Cf

99
Es

100
Fm

101
Md

102
No

103
Lr

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

M
AE [eV]

(b) Test set fraction heatmap
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Supplementary Figure 8: Periodic table of elements heatmaps of (a) MAEs (in eV) and (b) test set fraction (in
percent of total dataset size) are displayed for the work function dataset utilizing the LOO element split strategy.
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Supplementary Figure 9: MatFold JSON configuration file that stores the necessary class and function variable
settings to reproduce identical splits. This file is generated during split creation and can later be loaded through
a class function (see code documentation on GitHub). The original materials data is not stored but checksums are
generated and a warning is printed if the data has changed since the last split creation.
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