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Figure S1: Comparison of Tanimoto similarity index (left) and our provisional scoring criteria 
(right) with DFT-calculated dehydrogenation enthalpies of 700 molecules down selected from 
GDB-17 database. DFT calculations performed with b97X-D/6-31G(2df,p) model chemistry. The 
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plots show that our provisional scoring criteria presents a better correlation with desired range 
of dehydrogenation enthalpies for LOHCs (shown as dashed purple lines).

Text S1: Details of Provisional Scoring Criteria

In the course of developing our provisional criteria for identifying potent LOHC candidates, we 
identified 11 key structural descriptors from extensive literature review. Initially, these 
descriptors were each assigned an arbitrary score based on their perceived significance in LOHC 
performance. Subsequently, these scores were optimized against the established 'Bench-93' 
benchmark dataset using multivariate linear regression, a well-regarded statistical technique for 
modeling multiple variables. This optimization refined the arbitrary scores into more accurate 
descriptor weights, leading to the formulation of our provisional scoring method depicted in 
Equation 4 in the main text, where each descriptor's weight is multiplied by its appearance count 
in a molecule. 

In the interest of demonstrating the validity of our scoring method, we performed a comparative 
analysis involving 700 molecules, assessing these using DFT calculations, Tanimoto similarity 
coefficients, and our provisional scoring criteria. This comparison, illustrated in Figure S1, reveals 
a more robust correlation between our provisional scoring criteria and the DFT-calculated 
dehydrogenation enthalpies of the molecules, which were selectively extracted from the GDB-17 
database and evaluated using the ωb97X-D/6-31G(2df,p) model chemistry. Particularly 
noteworthy is the better alignment of our scoring criteria with the desired range of 
dehydrogenation enthalpies for LOHCs (represented by the dashed purple lines), underscoring 
its potential for guiding the selection of promising LOHC candidates.

Text S2: Limitations of using Tanimoto Similarity index.

As depicted in Figure S1, our search strategy begins with the application of the Tanimoto 
similarity index, narrowing down the candidates to a subset of all possible LOHC systems within 
the chemical compound space (CCS). This approach inherently restricts the selection to 
molecules that bear resemblance to known LOHCs, potentially omitting other viable candidates 
residing in different subspaces of the CCS. Other methodologies, such as the one reported in 
[reference PubChem paper], utilize distinct techniques and have the capability to target other 
promising LOHC systems. These alternative approaches may explore regions of the CCS that 
might not overlap with the subspace studied here, thereby underscoring the importance of 
diverse strategies in the ongoing exploration and discovery of new LOHCs.
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Figure S2: Distribution of residual errors of DFT results (ωb97X-D/6-31G(2df,p)) as compared to 
experimental results (Exp-31). The plot shows that majority of the datapoints (29) show positive 
residual errors, indicating that the model chemistry used overestimates the dehydrogenation 
enthalpies.

Figure S3: Mean absolute errors of four model chemistries: B3LYP, ωb97X-D, M06, and B3LYP + 
GD3 (Grimme’s D3 empirical dispersion). All calculations were performed using 6-31G(2df,p) 
basis set. In the selection of the functional for the computational study, the wb97x-d functional 



S5

was chosen over others like B3LYP, M06, and B3LYP+GD3, despite their respective Mean Absolute 
Errors (MAEs). The choice of wb97x-d was driven by its ability to handle both short-range and 
long-range interactions, making it ideal for representing aromatic species. A comparative study 
identified it as one of the best for non-covalent interactions, and it provides a robust and 
physically meaningful description. The 6-31g(2df,p) basis set was selected for its performance 
across various functionals, and the aug-cc-pvtz basis set was used for heavier atoms to accurately 
account for higher angular momentum orbitals.

Figure S4: Schematic overview of screening methodology. Full description can be found in the 
main text. 

Label Number of Reactions Comments
Exp-31 31 reactions Experimentally available data (Table S2)
Bench-93 93 reactions DFT-calculated data, permutations based on Exp-31 

(Table S3)
ZINC-88 88 reactions DFT-calculated, obtained from ZINC-15 screening
GDB-3000 3000 reactions DFT-calculated, obtained from GDB-17 screening

Table S1: List of the datasets produced in this study and a short description of each. SMILES 
strings and all DFT-calculated dehydrogenation enthalpies of GDB-3000 and ZINC-88 are publicly 
available on GitHub: https://github.com/HydrogenStorage/LOHC. Details on the different 

https://github.com/HydrogenStorage/LOHC
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datasets generated in this study and descriptors involved in the dehydrogenation scoring criteria, 
and experimental and benchmark datasets are provided in the supplementary information. 
Python scripts for finding similar molecules within GDB-17 or other large datasets can be found 
on GitHub: https://github.com/HydrogenStorage/screening-large-databases.

https://github.com/HydrogenStorage/screening-large-databases
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Table S2: SMILES Structures, experimental values, and DFT-calculated values for the 
dehydrogenation enthalpies of the experimental set. MAE = 11.0 and RMSD 12.7. All energies are 
given in units of kJ/mol of H2.

Label Smiles (dehydrogenated) B97X-D Expt. Ref
1 N1N=CC=N1 5.5 22.3 1

2 CN1C=CN=C1 44.1 39.1 1

3 N1C=CN=C1 44.5 39.8 1

4 C1=C3C(=CC2=C1[N](C(=C2C)C)C)C(=C([N]3C)C)C 54.8 40.7 1

5 C1=CC=C2C(=C1)C3=CC=CC=C3N2(CC) 64.2 50.6 2

6 C1=CC=C2C(=C1)C3=CC=CC=C3N2 63.9 51.1 2

7 CN1C=CC2=CC=CC=C21 62.9 51.9 3

8 CC1=CC2=CC=CC=C2N1 60.0 55.2 4

9 C1=CNC=C1 69.2 56.1 1

10 C1=CC=C2C(=C1)C=CN2 68.0 56.6 4

11 C1=CN=CC=C1N 52.6 56.7 5

12 C1=CC=CC2=C1OC3=C2C=CC=C3 66.4 56.7 1

13 C1=CN=CC=N1 66.7 56.9 6

14 C1=CN=CN=C1 64.8 60.1 1

15 C1=CC=C(C=C1)O 76.8 61 1

16 C1=CC=C2C(=C1)N=C3C=CC=CC3=N2 66.1 61.3 7

17 C1=CC=C2C(=C1)C=CC=N2 74.9 61.9 8

18 C1=CC=NC=C1 73.8 62.3 1

19 CC1=CC=CC=C1CC2=CC=CC=C2 76.7 63.5 8

20 C1=CC=C(C=C1)N 75.6 64.0 9,10

21 CC1=CC2=CC=CC=C2C=C1 73.1 65.3 8

22 CC1=C(C=CC=C1CC2=CC=CC=C2)CC3=CC=CC=C3 68.0 65.4 8

23 C1=CC=C(C=C1)C2=CC=CC=C2 70.8 66.6 1

24 C1=CC=C2C=CC=CC2=C1 80.7 66.7 11

25 CC1=CC=CC=C1 73.3 68.3 11

26 C1=CC=CC=C1 83.6 68.6 11

27 CC1=CC(=CC=C1)CC2=CC=CC=C2 77.1 71 8

28 C1C=CC=C1 125.3 107.5 1

29 C1CC=CC=C1 135.0 113.8 10

30 C1C=CCC=C1 134.6 113.8 10

31 C1CCC=CC1 138.3 118.83 10
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Table S3: SMILES Structures and DFT-calculated dehydrogenation enthalpies for the benchmark 
set. All energies are given in units of kJ/mol of H2.

Label SMILES (Dehydrogenated) B97X-D
1 C1=CC=CC=C1 83.6
2 CC1=CC=CC=C1 73.3
3 C1=CC=C2C=CC=CC2=C1 71.3
4 C1=CC=C2C=CC=CC2=C1 80.7
5 CC1=CC2=CC=CC=C2C=C1 66.9
6 CC1=CC2=CC=CC=C2C=C1 73.1
7 C1=CC=C(C=C1)C2=CC=CC=C2 70.6
8 C1=CC=C(C=C1)C2=CC=CC=C2 70.8
9 CC1=CC=CC=C1CC2=CC=CC=C2 76.0

10 CC1=CC=CC=C1CC2=CC=CC=C2 76.7
11 CC1=CC(=CC=C1)CC2=CC=CC=C2 77.0
12 CC1=CC(=CC=C1)CC2=CC=CC=C2 77.1
13 C1=CC=C2C(=C1)C3=CC=CC=C3N2 57.1
14 C1=CC=C2C(=C1)C3=CC=CC=C3N2 63.9
15 C1=CC=C2C(=C1)C3=CC=CC=C3N2(C) 55.6
16 C1=CC=C2C(=C1)C3=CC=CC=C3N2(C) 64.0
17 C1=CC=C2C(=C1)C3=CC=CC=C3N2(CC) 54.9
18 C1=CC=C2C(=C1)C3=CC=CC=C3N2(CC) 64.2
19 C1=CC=C2C(=C1)C3=CC=CC=C3N2(CCC) 54.4
20 C1=CC=C2C(=C1)C3=CC=CC=C3N2(CCC) 63.1
21 C1=CC=C2C(=C1)C=CN2 68.0
22 CN1C=CC2=CC=CC=C21 62.9
23 CC1=CC2=CC=CC=C2N1 60.0
24 CC1=CC2=CC=CC=C2N1C 61.5
25 CC1=C(C=CC=C1CC2=CC=CC=C2)CC3=CC=CC=C3 68.0
26 C1=CC=C2C(=C1)N=C3C=CC=CC3=N2 66.1
27 C1=CC(N)=C2C(=C1)N=C3C=CC=C(N)C3=N2 55.5
28 C1=CC(N)=C2C(=C1)N=C3C=CC=C(N)C3=N2 54.9
29 C1=CC(N(C)(C))=C2C(=C1)N=C3C=CC=C(N(C)(C))C3=N2 61.5
30 C1=CC(N(C)(C))=C2C(=C1)N=C3C=CC=C(N(C)(C))C3=N2 63.2
31 CN1N=CC=N1 18.8
32 CN1C=CN=C1 44.1
33 CN1C=CC=N1 35.2
34 C1CC=CC=C1 135.0
35 C1=CC=C(C(=C1)N)N 57.7
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36 C1=CC=NN=C1 74.9
37 C1=CN=NN=C1 72.7
38 C1=CN=NN1 24.4
39 C1=CN=NC=N1 69.4
40 N1C=NC=N1 14.6
41 C1=CC(=CC(=C1)N)N 56.6
42 C1=CN=CN=C1 64.8
43 N1C=CN=C1 44.5
44 N1=CNC=N1 27.6
45 C1=C(C=C(C=C1N)N)N 57.7
46 C1=NC=NC=N1 44.3
47 C1C=CCC=C1 134.6
48 C1=CC(=CC=C1N)N 70.5
49 C1=CN=CC=N1 66.7
50 CN1N=CC=N1 0.0
51 CN1C=NC=N1 4.0
52 N1N=CC=N1 5.5
53 CN1C=NN=C1 23.2
54 C1=CC=C(C=C1)N 75.6
55 C1CCC=CC1 138.3
56 C1C=CC=C1 125.3
57 N1C=CC=N1 39.1
58 C1=CC=NC=C1 73.8
59 C1=CNC=C1 69.2
60 C1=CN(CCCC)C=C1 71.6
61 C1=CN(CC)C=C1 70.5
62 C1=CN(C)C=C1 72.7
63 C1=CN(CCC)C=C1 68.8
64 C1=CN(C=C1)N2C=CC=C2 75.2
65 C1=CN(CC)C(CC)=C1 65.0
66 C1=CN(C)C(C)=C1 70.6
67 C1=CN(CCC)C(CCC)=C1 61.5
68 C1=CC2=C(C=CC=N2)N=C1 58.3
69 C1=CCN2C1=CC=C2 91.3
70 CCC1=NC=CN=C1 64.7
71 C1=CNC(CC)=C1 68.9
72 CCC1=NC2=CC=CC=C2C=C1 67.8
73 CC1=NC=CN=C1 64.2
74 C1=CNC(C)=C1 65.8



S10

75 CC1=NC2=CC=CC=C2C=C1 66.3
76 CCCC1=NC=CN=C1 61.7
77 C1=CNC(CCC)=C1 67.6
78 CCCC1=NC2=CC=CC=C2C=C1 67.8
79 CCC1=NC(=CC=C1)CC 61.8
80 C1=CC2=C(C=CC(C)=N2)N=C1C 54.6
81 CC1=NC(=CC=C1)C 68.9
82 CCCC1=NC(=CC=C1)CCC 58.2
83 C1=CN=CC=C1C2=CC=NC=C2 61.4
84 C1=CC2=CC=CN2C=C1 74.3
85 C1=CC=C2C=NC=CC2=C1 65.3
86 C1=C2C(=CC(=N2))N=C1 119.4
87 C1=CC=C2C(=C1)C=CC=N2 74.9
88 C1=CC=C2C(=C1)N=CC=N2 64.4
89 C1=CN=CC=C1N 52.6
90 C1=C3C(=CC2=C1[N](C(=C2C)C)C)C(=C([N]3C)C)C 54.8
91 C1=CC=C(C=C1)O 76.8
92 C1=COC=C1 85.5
93 C1=CC=CC2=C1OC3=C2C=CC=C3 66.4
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Table S4: Dehydrogenation scoring criteria. Columns include the descriptor’s tag, its weight, 
and a brief description. The predicted dehydrogenation enthalpy depends on the counts of the 
descriptors multiplied by their respective weights. All weights are in units of 0.1 kJ/mol of H2.

Entry Descriptor Weight Remarks
1 % wt. h2 [0, 1] cutoff parameter, score under 5.5 is 0
2 sp3_carb 0.1153 sp3 carbons
3 sp2_carb 0.2872 sp2 carbons
4 sp_carb 1.1298 sp carbons
5 M-no5mem -1.2127 monocyclic rings that aren't 5-membered rings
6 M-5mem -1.6513 5-membered monocyclic rings
7 M-nitcont -0.0955 monocyclic rings with a nitrogen atom in the ring
8 M-SOcont 0.9387 monocyclic rings with a S or O atoms in the ring
9 B-no5mem 5.2805 bicyclic rings that don't have any 5-membered rings
10 B-5mem 5.0358 5-membered ring containing bicyclic rings
11 B-nitcont -0.3393 bicyclic rings with a nitrogen atom in any ring
12 B-SOcont -0.0191 bicyclic rings with a sulfur or oxygen atoms in any ring
13 P-no5mem 1 polycyclic (3 or more) rings that don't have any 5-membered rings
14 P-5mem 3.491 5-membered ring containing polycyclic rings
15 P-nitcont 0.5179 polycyclic rings with a nitrogen atom in any ring
16 P-SOcont 0.0603 polycyclic rings with a sulfur or oxygen atoms in any ring
17 nonCfuse 0.52 non-carbon atoms that are the fusion point of two rings
18 SObadpos 0.9095 S or O is gamma to a fusion point
19 SO_adjrng 2 two fused rings both have a S or O
20 3mem_bi+ 3.9448 3-membered ring is fused to another ring
21 one-posi -0.0735 substituents on a ring (including another ring)
22 onethree -0.2623 1,3 substituent or 1,3 nitrogen interactions on a ring
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