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1. File storage

Every time a workflow is created and executed, the infrastructure automatically creates a single
folder for the workflow with an assigned unique name that can either be provided by the user or
automatically determined from the structural representation of the molecule or system of
molecules (e.g., molecular formula). Within this main folder, multiple subfolders are created for
calculation steps included in the workflow (e.g., geometry optimization and frequency calculation
in DFT, ensemble type in MD) with a name corresponding to the type of calculation. A subfolder
is also created for the final analysis performed to derive a property (such as binding energy,
diffusion, or viscosity) using data parsed from the individual steps. Any file, if present, associated
with a calculation is stored within its corresponding subfolder. The number and names of
subfolders created are workflow-specific. All folders resulting from a workflow are confined

within a parent directory configured when loading and setting the workflow input parameters.



from fireworks import LaunchPad

from mispr.gaussian.workflows.base.bde import get_bde

lpad = LaunchPad.auto_load()

wf = get_bde(mol_operation_type="get_from_file",
mol="dme.xyz",
bonds=[(1, 6)],
open_rings=False,
process_mol_func=False,
skips=None,
mol_name="dme",
solvent_gaussian_inputs="(SMD, Solvent=TetraHydroFuran)",
save_to_db=False,
save_to_file=True,
visualize=True,
tag="bde-example")

lpad.add_wf(wf)

Fig. S1 Code snippet of the submission of a bond dissociation energy calculation



Table S1 Details of the library used for the NMR calculations along with the experimental measurements made in chloroform solvent at 298 K and referenced to tetramethylsilane

Molecule InChl Molecule 2D BC NMR spectra  'H NMR spectra  3C NMR chemical 'H NMR chemical Ref
number code name representation frequency (MHz)  frequency (MHZz) shift (ppm) shift (ppm)
1 InChl=1S/H20/h1H2 water 75.5, 126, 151 1,2:1.56 !
1
\ /H
0
0
2 InChl=1S/C2H402/c acetic acid 300, 500, 600 75.5, 126, 151 3:175.99 4,5,6:2.10 !
1-2(3)4/h1H3,(H,3,4) 1
0 6
W/
7H\O 3 2 H4
° A
5
3 InCh1=1S/C3H60/c1 acetone 300, 500, 600 75.5, 126, 151 1: 207.07 4,5,6,7,8,9: 2.17 !
-3(2)4/h1-2H3 9 6 2,3:30.92
7 H H 4
H H
3 2
H 1| ‘ H
5
0
0
4 InChl=1S/C2H3N/c1 acetonitrile 300, 500, 600 75.5, 126, 151 1:1.89 3,4,5:2.10 !
-2-3/h1H3 5 2:116.43
H 3
H
1
2 H
4
5 InChl=1S/C6H6/c1- benzene 9 ; 300, 500, 600 75.5, 126, 151 0,1,2,3,4,5:128.37  6,7,8,9,10,11: 7.36 !
2-4-6-5-3-1/h1-6H
6 InChl=1S/C4H100/c tert -butyl 1 25.16 300 2,3,4:31.23 5,6,7,8,9,10,11,12,1 2
1-4(2,3)5/h5H,1-3H3 alcohol 1:69.05 3:1.262
14:2.01
7 InChl=1S/CO2/c2-1- carbon dioxide 300, 500, 600 75.5, 126, 151 2:124.99 !
3
2
C 0o
8 InChl=1S/CS2/c2-1- carbon 300, 500, 600 75.5, 126, 151 2:192.83 !
3 disulfide
0
\/
2
9 INChI=1S/CCl4/c2- carbon 2 300, 500, 600 75.5, 126, 151 4:96.34 !
1(3,4)5 tetrachloride Cl
| 4
| clo
Cl
3




10 InChl=1S/CHCI3/c2- chloroform 2 300, 500, 600 75.5, 126, 151 3:77.36 4:7.26
1(3)4/h1H Cl
| 3
Cl clo
1
H
a4
11 InChl=1S/C12H240 18-crown-6 L OWOEn B 300, 500, 600 75.5, 126, 151 6,7,8,9,10,11,12,13, 18,19,20,21,22,23,
6/c1-2-14-5-6-16-9- R S = o R 14,15,16,17: 70.55  24,25,26,27,28,29,
10-18-12-11-17-8-7- 7y o jj: 30,31,32,33,34,35,
15-4-3-13-1/h1-12H2 wH— 1 g 36,37,38,39,40,41:
e g o1 3.67
34 Mls 15 fﬁn
® 20 7 6 _0 / 3?4'11
2 mmgu H
12 InChl=1S/C6H12/c1-  cyclohexane ﬁ fj' 300, 500, 600 75.5, 126, 151 0,1,2,3,45:26.94 6,7,8,9,10,11,12,13,
2-4-6-5-3-1/h1-6H2 14,15,16,17: 1.43
2y 3 HQ
17H H6
0
161 10 7
1sH™ 4 H
H H
14 11
13 InChl=1S/C2HA4CI2/c 1,2- 300, 500, 600 75.5, 126, 151 2,3:435 456,7:3.73
3-1-2-4/h1-2H2 dichloroethane 4 7
H H
]
(0:| ‘ 5 ‘ 3 Cla
H H
5 6
14 InChl=1S/CH2ClI2/c2 dichloro- 3 300, 500, 600 75.5, 126, 151 2:53.52 3,4:5.30
-1-3/h1H2 methane H
Cl clo
1 2
H
4
15 INChl=1S/C4H100/c  diethyl ether 300, 500, 600 75.5, 126, 151 1,2: 65.91 5,6,7,8: 3.48
1-3-5-4-2/h3-4H2,1- 3,4:15.2 9,10,11,12,13,14:
2H3 5 8 5 o . 1.2
H ) 1 H
4 3
12H H H? EH H HQ
13 10
16 INChI=1S/C6H1403/ diglyme 300, 500, 600 75.5, 126, 151 3,4,5,6:70.51 17,18,19,20,21,22:
c1-7-3-5-9-6-4-8- 7,8:59.01 3.65
2/h3-6H2,1-2H3 9,10,11,12,13,14,15
N ﬁzl%(ﬂ)?éium » ,16 357
17 InChI=1S/C3H7NO/c Dimethyl- 300, 500, 600 75.5, 126, 151 2:36.5 5,6,7: 2.96
1-4(2)3-5/h3H,1-2H3 formamide 3:31.45 8,9,10: 2.88
W/ 4:162.62 11:8.02
)(1
8
18 INChl=1S/C4H802/c 1,4-dioxane 300, 500, 600 75.5, 126, 151 2,3,45:67.14 6,7,8,9,10,11,12,13:

1-2-6-4-3-5-1/h1-
4H2

1

74
e

IgT

3.71




19 InChl=1S/C4H1002/ 1,2-dimethoxy 300, 500, 600 75.5, 126, 151 2,3:71.84 6,7,8,9: 3.55
c1-5-3-4-6-2/h3- ethane 4,5:59.08 10,11,12,13,14,15:
4H2,1-2H3 " 5 3.40
H 0 915
DXL
8
20 InChl=1S/C2H6/c1- ethane 300, 500, 600 75.5, 126, 151 0,1: 6.89 2,3456,7: 0.87
2/h1-2H3 3 7
H H
oH—2L L s
H H
4 6
21 InChl=1S/C2H60/c1 ethanol 300, 500, 600 75.5, 126, 151 1: 58.28 3,4: 3.66
-2-3/h3H,2H2,1H3 3 2:18.41 5,6,7: 1.19
7 .
o N H 8:1.33
0]
H/ 1 2
8 X Hs
4 H
6
22 InChl=1S/C4H802/c ethyl acetate 300, 500, 600 75.5, 126, 151 2:60.49 6,7:4.12
1-3-6-4(2)5/h3H2,1- 3:14.19 8,9,10: 1.26
2H3 b g 4:171.36 11,12,13: 2.05
H H 5:21.04
o \\
T o) ! s '141
3 H o
23 InChl=1S/C2H4/c1- ethylene 2 5 300, 500, 600 75.5, 126, 151 0,1: 123.13 2,345:54
2/h1-2H2 H H
0
1
H H
3 4
24 INChI=1S/C2H602/c  ethylene glycol 300, 500, 600 75.5, 126, 151 2,3:63.79 456,7:3.76
3-1-2-4/h3-4H,1-2H2 .
o
0 9
sH/ 2 3 /H
0
H 1
5 H
6
25 INChl=1S/C12H18/c hexamethyl 2 " 300, 500, 600 75.5, 126, 151 0,1,2,3,4:132.21 12,13,14,15,16,17,
1-7- benzene 6,7,8,9,10,11: 16.98 18,19,20,21,22,23,
8(2)10(4)12(6)11(5)9 24,25,26,27,28,29:
(7)3/h1-6H3 2.24
26 INChl=1S/C6H14/c1- n-hexane 300, 500, 600 75.5, 126, 151 0,1: 31.64 14,15,16,17,18,19:
3-5-6-4-2/h3-6H2,1- 2,3:22.70 0.89
2H3 45:14.14 6,7,8,9,10,11,12,13:
AREED
AR
27 INChl=1S/C6H180Si hexamethyl 300, 500, 600 75.5, 126, 151 3,5,6,8: 1.97 9,10,11,15,16,17,18
2/c1-8(2,3)7- disiloxane % o 18 ,19,20 ,24,25,26:
9(4,5)6/h1-6H3 )(H PR/ 0.07
3 2 19
0
NS
N>€23 4,04, 8 24
15 22
% W




28 INChI=1S/C6H18N3  hexamethyl " o 300, 500, 600 75.5, 126, 151 5,6,7,8,9,10: 36.87  11,12,13,14,15,16,
OP/c1- phosphoramide oo 2oy, A 17,18,19,20,21,22,
7(2)11(10,8(3)4)9(5) X 0 \/7418 23,24,25,26,27,28:
6/h1-6H3 B N 3 2.65
15, 0 ”s 2
13610 4& y
H H
1426H 2 3320
2724
29 INChl=1S/H2/h1H hydrogen 300, 500, 600 75.5, 126, 151 0,1:4.62
1 H H o
30 INChl=1S/C3H4N2/c imidazole 300, 500, 600 75.5, 126, 151 2,4.122.0 6,8:7.10
1-2-5-3-4-1/h1- I&I 3:135.38 7.7.67
3H,(H,4,5) 8 7
H_ 4 \§3/H
D o
.
H H
6 5
31 INChl=1S/CH4/h1H4 methane 3 300, 500, 600 75.5, 126, 151 0: -4.63 1,2,3,4:0.22
H
0
2 H H 1
H
4
32 INChl=1S/CH40/c1- methanol 300, 500, 600 75.5, 126, 151 1:50.41 2,3,4: 3.49
2/h2H,1H3 4 5:1.09
H 2
H
5
H 1
\O
0 H
3
33 INChl=1S/CH3NO2/c  nitromethane 5 300, 500, 600 75.5, 126, 151 3:62.50 4,5,6:4.33
1-2(3)4/h1H3 H 01
|
4 H N
R
o
H
A 0
34 INChl=1S/C5H12/c1- n-pentane 300, 500, 600 75.5, 126, 151 0: 34.16 5,6,7,8,9,10: 1.27
3-5-4-2/h3-5H2,1- 1,2:22.38 11,12,13,14,15,16:
2H3 e s e 3,4: 14.08 0.88
H H H H H
18 H 4| ‘2 ‘0 |1 |3 H11
P
A
35 INCh1=1S/C3H8/c1- propane 300, 500, 600 75.5, 126, 151 0:16.37 3,4:1.32
3-2/h3H2,1-2H3 o 3 5 1,2:16.63 5,6,7,8,9,10: 0.90
[
8 LIl | 2 ‘ | m 5
H H H
9 4 6
36 InChl=1S/C3H80/c1 2-propanol 15.09 75.5, 126, 151 1: 64.04 4:4.008
-3(2)4/h3-4H,1-2H3 10 1 2,3: 25.29 5,6,7,8,9,10: 1.2
H 11:2.16




37 INCh1=1S/C3H6/c1- propylene 300, 500, 600 75.5, 126, 151 0:19.50 3,4,5:1.73
3-2/h3H,1H2,2H3 1:133.91 6: 5.83
2:115.74 7:4.94
8:5.03
38 InChl=1S/C5H5N/c1 pyridine 6 300, 500, 600 75.5, 126, 151 1: 135.96 6:7.68
-2-4-6-5-3-1/h1-5H H 2,3:123.75 7,8:7.29
4,5:149.90 9,10: 8.62
39 InChl=1S/C4H5N/c1 pyrrole J 300, 500, 600 75.5, 126, 151 1,2:117.77 5:8.40
-2-4-5-3-1/h1-5H 9 3,4:107.98 6,7: 6.83
H 2 8,9: 6.26
ay—
ON—-H5
3 ~—
gH !
s
40 InChl=1S/C4H9N/c1 pyrrolidine ﬁ EI 300, 500, 600 75.5, 126, 151 1,2: 25.56 5,6,7,8: 1.68
-2-4-5-3-1/h5H,1- 3,4:46.93 9,10,11,12: 2.87
4H2 7H 2 1 H6
12 H O
a0 73
H N H
11 10
H
13
41 INChl=1S/C4H80/c1 tetrahydrofuran 8 s 300, 500, 600 75.5, 126, 151 1,2: 25.62 5,6,7,8:1.85
-2-4-5-3-1/h1-4H2 H H 3,4:67.97 9,10,11,12: 3.76
7H 2 1 H6
12 H H 9
4 3
(@)
11H 0 Iilo
42 InChl=1S/C7H8/c1- toluene 25.16 89.56 0:137.83 7,8,12,13,14:
7-5-3-2-4-6-7/h2- 2 g 1,2: 129.09 7.38-7.0
6H,1H3 3:21.41 9,10,11: 2.34
4,5:128.28
6: 125.38
43 INChl=1S/C6H15N/c triethylamine B o 15.09 300 1,2,3: 46.46 7,8:2.425
1-4-7(5-2)6-3/h4- H 4,5,6:11.78 13,14,15: 0.97
6H2,1-3H3 NN AT
H H
" N—’—“'—Hﬂ
lOH 0 1
18 y Hg};l 1};1{
5 iz
16H
44 InChl=1S/C2H3NS/c methyl 50.18 300 2:30.48 4,5,6: 3.325
1-3-2-4/h1H3 isothiocyanate 3:128.9
1 5
H
§Cﬂ 2
0 3
H
6H 4
45 InChl=1S/C4H203/c maleic 25.16 300 3,4:136.76 7,8:7.048
5-3-1-2-4(6)7-3/h1- anhydride 8 7 5,6: 164.58
4 3
QP
20— 0 0,
0




46 InChI=1S/C5H6N2/c 2- 25.16 89.56 2:154.11 7,8,9: 2,572
1-5-4-6-2-3-7-5/h2-  methylpyrazine 10 3:21.53 10: 8.38
4H,1H3 R 4:144.85 11,12: 8.5-8.42
o= B 5: 141.90
3 \ / 6 6: 143.90
7H 2 N—
0w
47 InNChI=1S/C3H7N/c1 allylamine 25.16 89.56 1: 44.82 4,5:3.311
-2-3-4/h2H,1,3-4H2 2:140.01 6: 5.954
3:113.48 7,8:1.29
9:5.051
10: 5.159
48 INChl=1S/C2H40/c1  acetaldehyde 5 50.18 300 1: 30.89 3,4,5: 2.206
-2-3/h2H,1H3 00 H 2:199.93 6:9.789
N
2/ ‘ H 3
H
H
® 4
49 InChl=1S/CH202/c2  formic acid 15.09 89.56 2:166.22 3:8.06
-1-3/h1H,(H,2,3) X 4:10.99
0 @)
N
H
3
50 InChl=1S/CH6N2/c1 methyl 25.16 89.56 2:43.49 3,4,5:2.624
-3-2/h3H,2H2,1H3 hydrazine l’fl SH 6,7,8: 3.21
| ) M
IN
H/ \O
7 N
‘ H
b 4
6
51 INChl=1S/C3H3N/c1  acrylonitrile 15.09 89.56 1:107.81 4:5.69
-2-3-4/h2H,1H2 6 2:137.52 5:6.24
H 3:117.13 6:6.11
3 0
2 NH,
~1
5H
H
4
52 InChl=1S/C4H6/c1- 2-butyne 50.18 300 0,1:3.33 4,5,6,7,89:1.74
3-4-2/h1-2H3 2,3: 74.56
6 8
H H
aH 0 2—3 —H7
H H
5 9
53 INChI=1S/C3H40/c1 propargyl 25.16 89.56 1:50.40 4,5:4.274
-2-3-4/h1,4H,3H2 alcohol 2:82.18 6:2.37
b 3:73.88 7:2.481
6H
\ 1 2—3 —H7
o
H
4
94 INChI=1S/C3H7N/c1 2methyl 25.16 89.56 1:25.23 4:1.98
-3-2-4-3/h3- aziridine ° A 5 2: 26.0 5: 1.30
4H,2H2,1H3 H 3:19.54 6: 1.75
7:0.24
8,9,10: 1.204

10



55 InChI=1S/C2H5NO/c N-methyl 15.09 399.65 2:28.21 4,5,6: 2.815
1-3-2- formamide 6 EI 3:166.49 7:74
4/h2H,1H3,(H,3,4) a H ) 8:8.159
& 3
-
%N \Oo
o
5
H
7
56 InChl=1S/C3H9N/c1 isopropylamine 15.09 89.56 1:42.83 4:3.102
-3(2)4/h3H,4H2,1- n, L 2,3:26.21 5,6,7,8,9,10: 1.071
2H3 9 N 7 11,12: 1.221
H oN° H
8 H \ ‘ 1 / (N} 5
L 3 | ‘ | 2 LI}
H H H
10 4 6
57 InChI=1S/C3H80/c1 propanol 15.09 89.56 1:25.89 4,5:1.57
-2-3-4/h4H,2- 2:64.25 6,7: 3.582
3H2,1H3 Hog o 3:10.28 8,9,10: 0.94
1 .
6 3 ] /.i 11:2.26
r
§ H H
58 INChI=1S/CH4NO2/c  nitromethane 5 15.09 399.65 3:62.59 4,5,6: 4.341
1- H 1
2(3)4/h1H3,(H,3,4)/q 0
+ 3 /
4 H N+<
\O
H
6 0
59 INChI=1S/C2H7NO/c  ethanolamine 15.09 89.56 2:43.96 4,5:2.78
3-1-2-4/h4H,1-3H2 o . 3:63.18 6,7: 3.577
H\ H | I 8,9:2.76
1IN 3
/2 o/
H 0
8 H H
> 6
60 INChl=1S/C3H2N2/c  malononitrie 25.16 300 2:8.77 5,6: 3.604
4-2-1-3-5/h1H2 o 6 ) 3,4:109.35
HN H NH,
2
3 4
H
5
61 INChI=1S/C3H4N2/c imidazole 15.09 89.56 2,4:121.88 6,8: 7.129
1-2-5-3-4-1/h1- 1 3:135.35 7:7.729
3H,(H,4,5) 8H_ 4 N\vg/H 7
2 \ e\
\
H H
6 5
62 INCh1=1S/C5H8/c1-  1,4-pentadiene 25.16 300 0:38.01 5,6:2.723
3-5-4-2/h3-4H,1- 1,2:136.46 7,8:5.71
2,5H2 ; 3,4:115.47 9,12: 4.920
10,11: 4.95
63 InChl=1S/C5H8/c1-  cyclopentene 1 12 25.16 89.56 0:22.98 5,6:1.82
2-4-5-3-1/h1-2H,3- H 1,2: 32.59 11,12: 5.73
5H2 3,4:130.77 7,8,9,10: 2.30

11



INChI=1S/C4H7N/c1 isobutyronitrile . ; 25.16 399.65 1:19.87 5:2.721
-4(2)3-5/h4H,1-2H3 O H H 2,3:19.98 6,7,8,9,10,11: 1.331
2 ‘ 4:123.83
2
He
4 1\
3
10H——‘§—-H11
H
9
65 InChl=1S/C4H60/c1  3-butyn-1-OL 25.16 399.65 1:22.68 5,6: 2.449
-2-3-4-5/h1,5H,3- 2:60.79 7,8:3.725
4H2 7 3:81.40 9:3.48
. i 4:70.11 10: 2.077
0 2 — 10
/ 1 3—/3
A
66 INChl=1S/C4H60/c1 crotonaldehyde 15.09 89.65 1:154.32 5:6.88
-2-3-4-5/h2- 2:18.61 6,7,8: 2.032
4H,1H3/b3-2+ 3:134.61 9:6.145
4:194.04 10: 9.497
67 InNChl=1S/C4H60/c1  3-Butyn-2-ol 25.16 89.56 1: 57.86 5:4.533
-3-4(2)5/h1,4- 2:24.16 6,7,8: 1.472
5H,2H3 A 3:86.03 9:3.0
, L a—a X 4:72.12 10: 2.469
6H —_—
ooy,
68 InChl=1S/C4H60/c1 2,5- 25.16 89.56 1,2:75.42 5,6,7,8: 4.636
-2-4-5-3-1/h1-2H,3-  dihydrofuran H 20 3,4:126.34 9,10: 5.885
4H2
69 InChl=1S/C4H60/c1 2,3- s 25.16 89.56 1:29.28 5,6: 2.61
-2-4-5-3- dihydrofuran 9 H 2:69.58 7,8:4.3
1/h1,3H,2,4H2 3:99.54 9:4.951
4:145.99 10: 6.321
70 InChl=1S/C4H60/c1  methyl vinyl 15.09 89.56 1:26.32 5,6,7: 2.286
-3- ketone 2:198.82 8:6.298
4(2)5/h3H,1H2,2H3 3:137.49 9:5.908
4:128.96 10: 6.211
71 InChl=1S/C4H60/c1  ethoxyethane 15.09 300 1: 74.61 5,6: 4.125
-3-5-4- 2:14.22 7,8,9: 1.388
2/h1H,4H2,2H3 5% o 3:90.85 10: 1.530
H . O ~ 4:26.51
2 3\‘4 10
H " H
7 HB
72 InChl=1S/C5H10/c1-  cyclopentane 12 7H 15.09 300 0,1,2,3,4: 26.05 5,6,7,8,9,10,11,12,

2-4-5-3-1/h1-5H2

13,14: 1.51
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73 InChI=1S/C5H10/c1-  2-methyl-1- 25.16 89.56 0: 30.75 5,6: 2.015
4- butene 1: 147.70 7,8,9: 1.031
5(2)3/h2,4H2,1,3H3 2:12.41 10,11,12: 1.728
3:22.44 13,14: 4.67
4:108.57
74 InChI=1S/C5H10/c1l-  1-pentene 25.16 89.56 0: 22.26 5,6:1.43
3-5-4-2/h3H,1,4- 1: 36.09 7,8:2.02
5H2,2H3 B0 e 2:13.66 9,10,11: 0.91
J o 3:139.0 12:5.81
S _— 4:114.39 13:4.93
N e 14: 4.97
) S
75 INChI=1S/C5H10/c1-  cis-2-pentene 25.16 399.65 0: 20.25 5,6: 2.05
3-5-4-2/h3,5H,4H2,1- 1: 132.57 7:5.38
2H3/b5-3- W RS 2:14.16 8,9,10: 0.96
H g 3:123.13 11: 5.40
P T o, 4:12.59 12,13,14: 1.599
15' ll-l1 y 5'
76 InChl=1S/C5H10/c1- trans-2-pentene 25.16 399.65 0: 25.80 5,6:1.985
3-5-4-2/h3,5H,4H2,1- 1:133.35 7:5.45
2H3/b5-3+ W g 2:14.02 8,9,10: 0.958
H H 3:123.75 11:5.41
#H s 4:17.90 12,13,14: 1.637
4 2 “Hg
H
i H & H
77 INChI=1S/C5H10/c1-  2-methyl-2- 25.16 89.56 0: 132.08 5:5.19
4-5(2)3/h4H,1-3H3 butene 1: 118.65 6,7,8: 1.60
2: 25.67 9,10,11: 1.68
3:17.31 12,13,14: 1.56
4:13.43
78 InChI=1S/C3H5NO/c methoxy 15.09 300 2:59.08 5,6: 4.208
1-5-3-2-4/h3H2,1H3  acetonitrile 3:57.95 7,8,9: 3.477
4:116.22
79 InChl=1S/C5H120/c 1-pentanol 15.09 399.65 1:28.17 6,7:1.34
1-2-3-4-5-6/h6H,2- 2:32.53 8,9: 1.558
5H2,1H3 e s om B 3: 22.66 10,11: 1.32
W R 4:62.68 12,13: 3.596
o H 5: 14.09 14,15,16: 0.91
bowowof ol 17: 3.05
80 INChI=1S/C3H5NO/c  3-hydroxy 25.16 89.56 2:57.43 5,6: 3.849
4-2-1-3-5/h5H,1,3H2  propionitrile 3:21.36 7,8:2.612
8 P 4:118.89 9:3.44
H
—4 00
IN— 3| 2 \H9
HoH
81 INChI=1S/C3H402/c acrylic acid 25.16 89.56 2:128.14 5:6.14
1-2- 3:171.95 6:5.96
3(4)5/h2H,1H2,(H,4, 4:133.15 7:6.52
5) 8:12.0
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82 InChl=1S/C4H80/c1 2-butanone 15.09 89.56 1:36.87 5,6: 2.449
-3-4(2)5/h3H2,1-2H3 8 2:209.28 7,8,9: 1.058
104 H % H 3:7.87 10,11,12: 2.139
A N\ 4:29.43
H
1 2 H
o
0
83 InChl=1S/C4H80/c1 1,2-epoxy 25.16 89.56 1:53.40 5:2.887
-2-4-3-5-4/h4H,2- butane 2:46.75 6:2.733
3H2,1H3 o g ; 3 4 '295'7569 87 9 -2145729
X . 0. 9: 1.
10H 73 . 10,11,12: 1.012
o) H
g9 ¢ 7
84 InChl=1S/C4H80/c1  butyraldehyde 25.16 89.56 1:15.69 5,6: 1.64
-2-3-4-5/h4H,2- 2:45.82 7,8:2.37
3H2,1H3 R 8 A H 3:13.71 9,10,11: 0.97
\\4 | ‘ |3 Y 4:202.8 12:9.764
AR
e PR
85 InChl=1S/C4H80/c1 iSO o 25.16 1: 41.07 5:2.39
-4(2)3-5/h3-4H,1- butyraldehyde 0 ﬁ 8 2,3:15.48 6,7,8,9,10,11: 1.06
2H3 \\ H 4: 204.86 12:9.57
4
86 InChl=1S/C4H80/c1 methallyl 25.16 399.65 1: 145.05 5,6: 3.991
-4(2)3- alcohol ; e 3 2:66.52 7,8,9:1.725
5/h5H,1,3H2,2H3 3:19.14 10: 4.832
4:109.81 11: 4.960
12: 3.35
87 InChI=1S/C4H80/c1 ethyl vinyl 25.16 300 1. 63.63 5,6:3.74
-3-5-4- ether 2: 1457 7,8,9: 1.27
2/h3H,1,4H2,2H3 o & 12 3:151.93 10: 6.46
H 3 4:86.37 11: 3.96
4 .
et \, =Ny 12: 4.17
LIRS
88 INChI=1S/C4H80/c1  3-Buten-1-ol 25.16 399.65 1:37.11 5,6:2.318
-2-3-4-5/h2,5H,1,3- 2:61.61 7,8: 3.654
4H2 3:135.02 9:5.81
, 4:117.21 10: 2.76
11:5.1
12:5.13
89 InChI=1S/C4H80/c1 2-methoxy 25.16 89.56 1:160.89 5,6,7:1.82
-4(2)5-3/h1H2,2-3H3 propene 2:20.79 8,9,10: 3.532
3:54.7 11,12: 3.85
4:80.73
90 INChI=1S/C5H12/c1- isopentane 15.09 89.56 0: 30.02 5:1.447
4-5(2)3/h5H,4H2,1- o s 5 8 1:31.87 6,7:1.2
3H3 H H 2:11.83 8,9,10: 0.869
3:22.32 14,15,16: 0.865
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91 INChI=1S/C2H3NS/c methyl 25.16 300 2:16.39 4,5,6: 2.596

1-4-2-3/h1H3 thiocyanate 3:113.30
5 0
2 ~_
>< NNl
H
4 H6
92 INChI=1S/C3H7NO/c  N,N-dimethyl 25.16 89.56 2:36.43 5,6,7:2.97
1-4(2)3-5/h3H,1-2H3 formamide 3:31.30 8,9,10: 2.883
4:162.6 11:8.019
93 INChI=1S/C3H7NO/c  acetone oxime 25.16 89.56 2:155.51 5,6,7:1.89
1-3(2)4-5/h5H,1-2H3 3:21.67 8,9,10: 1.9
4:15.0 11:9.3
94 INChI=1S/C3H7NO/c  propionamide 25.16 89.56 2:28.95 5,6: 2.243
1-2- 3:9.76 7,8,9:1.153
3(4)5/h2H2,1H3,(H2, 4:177.68 10,11: 6.2
4,5)
95 INChI=1S/C3H7NO/c N-ethyl 25.16 89.56 2:36.87 5,6:3.32
1-2-4-3- formamide 3:16.77 7,8,9:1.173
5/h3H,2H2,1H3,(H,4, A 4:164.92 10: 6.6
7 .
5) H7/3\]L1 o 11: 8.13
d 2 N\
s H h
96 INChl=1S/C4H11N/c  sec-butylamine 25.16 89.56 1: 48.55 5:2.795
1-3- 2:32.95 6,7: 1.36
4(2)5/h4H,3,5H2,1- & f W 3: 23.50 8,9,10: 1.053
2H3 3l ye 4:10.68 11,12,13: 0.92
nH—T— 14,15:1.25
H
H ?'H/’a'\ﬁae
15
97 INChI=1S/C4H11N/c tert-butylamine 11 15.09 300 1:47.39 5,6,7,8,9,10,11,12,
1-4(2,3)5/h5H2,1- H 2,3,4: 32.58 13: 1.149
3H3 %2 »i~le3H7 14,15: 1.41
\ l 2[ ()
H N° H
9 7 N\ 1%
14H ﬁ
98 InChI=1S/C4H11N/c N,N- 25.16 399.65 1:53.63 5,6:2.317
1-4-5(2)3/h4H2,1-  dimethylamine {5 2:12.97 7,8,9: 1.064
3H3 }\/H 508 3,4:45.11 10’11’1225112’14’15:
A I H7 '
11H>3< 2
H H
H12 6 8
H
10
99 INChl=1S/C2H6N20 N-nitroso 25.16 300 3:32.75 5,6,7: 3.804
/c1-4(2)3-5/h1-2H3  dimethylamine 8H 10 4: 40.55 8,9,10: 3.077
H 7
&
1 3 5
o N :
Y
Ho—NH
0
100 INCh1=1S/C2HE6N20  acethydrazide 25.16 300 3:171.23 5,6,7: 1.976
/c1-2(5)4- 8 4:20.8 8:7.95
3/h3H2,1H3,(H,4,5) , W7 9,10: 3.97
H\N/Nl 4 H5
IOy
10 g) 6
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Fig. S2 Distribution of error associated with (a) *C and (b) *H chemical shift predictions in a chloroform solvent
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Fig. S3 Binding energy between lithium polysulfides (Li»Sy, x = 2, 4, 8) and a functionalized graphene model at the
PBE1PBE/6-31+G* level of theory
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Table S2 Methods supported by the redox potential workflow in MISPR; redox potential calculations can be done in any phase and at any charge state (i.e. any number of electron and hydrogen transfers)

Method Notes Example scheme(s) Equations Abbreviations
HOMO/LUMO Geometry IP=HOMO IP: ionization potential
optimization is EA =LUMO (eV)

done for the EA: electron affinity
molecule at the (eV)
reference state to
calculate the
HOMO/LUMO
energies
Direct electron ~ Geometry AG yx nee: Net Gibbs
transfer optimization and free energy oxidation
frequengy AGyeq net: Net Gibbs
calculation are 2’ AGox,net free energy of reduction
done at each AG,, s = GM™T) — G(M) IP = 5 AGyeq: Gibbs free
charge state in F energy of reduction for
one Pfha(sjeb 0 AG AG the first electron
specitied py the ox,net 24+ _ 2— _ red,net transfer
user (vacuum or M M AGreanes = GIM™) = GIM) EA = - AG,oq 1: Gibbs free
I t AGred,ne! ) 2F red,1-
solution) M —— - AG energy of reduction for
_ - d,1 the second electron
M M - M 2- Al = GM7) - GM) EA| = - % transfer
EA;: electron affinity
AG from the first electron
AG,pyr = GM*™) = G(M™) EAy = — —"%2 transfer
F EA,: electron affinity
from the second
electron transfer
Vertical IP/EA  Geometry Egcp: energy
optimization is E;pyE: Zero-point
done for vibrational energy
molecules at the correction
reference state AG,(g) - _ _ _ S.orr. COrrection to
only at each M(g) _— M(';) G=H-TAS = ESCF + EZPVE + Hcorr TAScorr eﬁ(iropy
phase specified N H_.,,: correction to
by the user AG, (g) =GWM") - GM,,) enthalpy
Frequency —AG;,, (M) AG,, (M™) - ®) ® AG,,(g): Gibbs free
calculation is _ energy of oxidation in
done at each M AG,,(s) M+ AGred(g) = G(M(g)) - G(M(g)) the gas phase
charge state and (s) (s) AG,.q(g): Gibbs free
phase — +y _ energy of reduction in
Adiabatic Geometry M AGred(g) M_ AGOJC(S) AGOx(g) + AGSO[V(M ) AGSO[V(M) the gas phase
IP/EA optimization and (&) > ) AGy,,,: Free energy of
frequency _ -\ _ solvation
calculation are _AG,, (M) AG,,, (M) AG,,(s) = AG,,[(8) + AG,,,,(M™) — AG,,;,(M) MG (5): Gibbs free
done at each o energy of oxidation in
charge state and AG,,(s) _ IP = AG,,(s) FA = — AGye($) the solution phase
phase M( y —————* M(s) nkF nF AGeq(s): Gibbs free
energy of reduction in
the solution phase
F: Faraday constant
n: Number of electrons
Sequential Direct as well as AG pK,: acid dissociation
proton-coupled  adiabatic pK, = ——— K =107k constant at the
electron calculations are ¢ 2303RT a logarithmic scale
transfer (PCET) supported; K, : acid dissociation
Number of PK,; + PKy 24 . AG . constant
hydrogen transfer M HM HzM E=———+ Eref T: temperature
steps is assumed n K (H*] R: gas constant
to be equal to the  E3 E5 RT H“j 1 = E’: reduction potential
number of v E; E; + In LA] a2 E,s: experimentally
electron transfer PRu : PRa HM* o F Ka +1+ LF*] measured reduction
steps —— HM 2 [H+] K. potential of the
ference compound
° ° Kaﬁ [H+] reo
Eg \ Es RT T 1 X Eqpp: apparent
i v . E; .y = E5+ - In| — o potential
- P8y, — P&, ’ a4 . i
M2 5 HM 5 H2 M e + 14+ a E4vg- average potential
E° Etapp + E2.app
avg 2
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Table S3 Details of the library used for the redox potential calculations

Molecule InChl Molecule 2D Type Note
number code name representation
1 InChl=1S/C4H100/c1-4(2,3)5/h5H,1- tert-butanol . Linear oligo formed by ring opening of EC
3H3 hY 0 (ether carbonate)
.-'"--. \'q_
2 InChl=1S/C5H1002/c1-3-4-7- n-Propyl Solvent Ester
5(2)6/h3-4H2,1-2H3 acetate O~
O
3 InChl=1S/C8H1803S/c1-3-5-7-11- butyl sultone Electrolyte SEI forming additive
12(9,10)8-6-4-2/h3-8H2,1-2H3 % o additive
..--HHR ) "xvx"{
0
4 INChl=1S/C3H603S/c4-7(5)3-1-2-6- 1,3-propane Electrolyte Suppresses decomposition of
7/h1-3H2 sultone J."' "1 additive solvents with graphite electrode
".
{ 0
AN
0 0
5 INCh1=1S/C4H802S/c5-7(6)3-1-2-4-  tetra methylene Electrolyte
7/h1-4H2 sulfolane ,.'"I I"'., additive
'!‘“m A
0O O
6 InChl=1S/C3H802S/c1-3- ethyl methyl Electrolyte
6(2,4)5/h3H2,1-2H3 sulfone L additive
. ~
0
7 InChI=1S/C3H602S/c4-6(5)2-1-3- tri-methylene Electrolyte Regulates Li deposition
6/h1-3H2 sulfone | additive
[ —0
[
0
8 INCh1=1S/C6H1402S/c1-4- ethyl sec-butyl Electrolyte Low boiling point and high
6(3)9(7,8)5-2/h6H,4-5H2,1-3H3 sulfone additive conductivity
-
-'. - N‘H-'\-\.\_\___-" -
S
O
9 INChl=1S/C6H1402S/c1-4-9(7,8)5-  ethyl iso-butyl Electrolyte Low melting point (< 0 °C)
6(2)3/h6H,4-5H2,1-3H3 sulfone O additive
N HH'H.
Y
O
10 InChl=1S/C5H1202S/c1-4- ethyl iso- Electrolyte Hydrolysis-resistant
8(6,7)5(2)3/h5H,4H2,1-3H3 propyl sulfone additive
0|
""'\-\.._.-"- W
0
11 InChl=1S/C7H7F02S/c1-11(9,10)7-5- 1-flouro-2- Electrolyte
3-2-4-6(7)8/h2-5H,1H3 (methyl- | additive
sulfonyl)
benzene = —0
i,
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12 InChl=1S/C5H1203S/c1-3-9(6,7)5-4- ethyl 2- Electrolyte
8-2/h3-5H2,1-2H3 methoxyethyl 0 additive
sulfone \
R N s O .
-H""‘-\-\_\H-H.-".- ..-\‘"
O
13 INChI=1S/C7H1604S/c1-3-12(8,9)7-  ethyl methoxy 0 Electrolyte Large oxidation potential
6-11-5-4-10-2/h3-7H2,1-2H3 ethoxy ethyl W 0 - additive
sulfone R
0
14 InChI=1S/C4H802/c1-3-6- ethyl acetate N 0 ) Solvent Low viscosity and melting point
4(2)5/h3H2,1-2H3 -H\H“f" S compared to carbonates
0
15 INChI=1S/C3H602/c1-3(4)5-2/h1-2H3  methyl acetate Solvent Low viscosity and melting point
.. LN compared to carbonates
m__H/ "x_\__h
O
16 InChl=1S/C2H402/c1-4-2-3/h2H,1H3 methyl formate Solvent Low viscosity and melting point
T compared to carbonates
H-H-\""'\-. __.-"". h:"'h-\"‘\-\.;-\.
0 ~0
17 InChI=1S/C5H1002/c1-3-5(6)7-4- ethyl Solvent
2/h3-4H2,1-2H3 propionate o~ 0 -
.-___,.-' '\-\.HH/ H""\-\..,.- -
0
18 INChl=1S/C6H1202/c1-3-5-6(7)8-4-  ethyl butyrate Solvent
2/h3-5H2,1-2H3 . . L #_
S \H/ o
O
19 INChl=1S/C4H7FO2/c1-2-7-4(6)3- ethyl _ 0 Solvent Fluorinated
5/h2-3H2,1H3 fluoroacetate e ~
E: . H/ .
O
20 InChl=1S/C3H4F202/c1-7- methyl E Solvent-Additive Fluorinated
3(6)2(4)5/h2H,1H3 difluoro
acetate ‘
e 0 T
0
21 INChI=1S/C5H9FO2/c1-3-8- ethyl 2- Additive Fluorinated
5(7)4(2)6/h4H,3H2,1-2H3 fluoropropiona
te
0 .
. P P
", -\.\,_-“'F-. \H-’__.-' . F
0
22 InChl=1S/C5H9FO2/c1-2-5(7)8-4-3-  2-fluoroethyl Additive Fluorinated
6/h2-4H2,1H3 propionate - O p
.-"-. hat = = H""'\-\.
- \Hf S
O
23 INChI=1S/C5H9FO2/c1-2-8-5(7)3-4- ethyl 3- F 0 Additive Fluorinated
6/h2-4H2,1H3 fluoropropiona Pt - -
e S \H/ o
0
24 InCh1=1S/C5H1003/c1-3-7-5(6)8-4- diethyl Solvent
2/h3-4H2,1-2H3 carbonate - 0 0
e \H/ e
O
25 INChl=1S/C3H603/c1-5-3(4)6-2/h1- dimethyl Solvent
2H3 carbonate 0 0
O
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26 InChI=1S/C3H403/c4-3-5-1-2-6-3/h1- ethylene 0 Solvent
2H2 carbonate f
/ H\
L .
x""\-\.\ __.-'"'-. i D
0
27 InChl=1S/C4H603/c1-3-2-6-4(5)7- propylene Solvent
3/h3H,2H2,1H3 carbonate —0
II|I .llll
N =
0
28 InChl=1S/C4H803/c1-3-7-4(5)6- ethyl methyl Solvent
2/h3H2,1-2H3 carbonate o o
0
29 InChI=1S/C4H1002/c1-5-3-4-6-2/h3- 1,2- 0 Solvent
4H2,1-2H3 dimethoxyetha o ,«-""ﬁ —
ne - O
30 InChl=1S/C3H602/c1-2-5-3-4-1/h1- Dioxolane 0 Solvent
3H2 / \
'!Hx ,KEI
0
31 INChl=1S/C4H7FO2/c1-4(6)7-3-2- Fluoroethyl 0 ) Solvent
5/h2-3H2,1H3 acetate ” ~_ O
O
32 INChI=1S/C4H802/c1-4-5-2-3-6- 2-methyl-1,3- — O Product oligomer of alkyl carbonates —
4/h4H,2-3H2,1H3 dioxolane ! b formed upon oxidation of EC
EH'\-\. .--'"'-..L---\-\-""'-\.
0
33 INCh1=1S/C5H804/c6-5-8-3-1-7-2-4- 1,3,6- o Product oligomer of alkyl carbonates —
9-5/h1-4H2 trioxocan-2- — formed upon oxidation of EC
one ’/ ™
O ]
™. e
."II-"-I EI
o
34 INChI=1S/C5H100/c1-5-3-2-4-6- methyl Solvent
5/h5H,2-4H2,1H3 tetrahydrofuran .-"I xﬁ.
'!Hx - "-I.L---\-\-""'-\.
0
35 INChI=1S/C2H3N/c1-2-3/h1H3 acetonitrile N Solvent
Z
36 INChI=1S/C4H602/c5-4-2-1-3-6-4/h1- gamma- Solvent
3H2 Butyrolactone m
{ b
H""\.‘_ __.-"".- T [:I
O
37 INCh1=1S/C4H100/c1-3-5-4-2/h3- diethyl ether Additive
4H2,1-2H3 P - T
38 INCh1=1S/C2H60S/c1-4(2)3/h1-2H3 dimethyl 0 Solvent
sulfoxide s e
39 INChI=1S/C4H7NO2/c1-5-2-3-7- 3-methyl Solvent
4(5)6/h2-3H2,1H3 oxazolidin-2- —0
one / \
';:Ix ___:I't::u,__
R §
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40 InChl=1S/C4H80/c1-2-4-5-3-1/h1-  tetrahydrofuran Solvent
4H2 / L
'!H ) A
0
41 INCh1=1S/C5H1002S/c1-5-2-3- 3-methyl ) Solvent-additive
8(6,7)4-5/h5H,2-4H2,1H3 sulfolane N,
'H..: lll
0O O
42 INChI=1S/C4H802/c1-4-2-5-3-6- 4-methyl Solvent
4/h4H,2-3H2,1H3 dioxolane —0
|I|l lII|
.y f,'s-
- e
43 INChI=1S/C5H803/c1-2-4-3-7-5(6)8- 1,2-butylene Solvent
4/h4H,2-3H2,1H3 carbonate  — G
. f \
" i !
w, -
N e = O
0
44 INChl=1S/C5H9CIO2/c1-2-3-5(7)8-4-  chloromethyl _ 0 Solvent
6/h2'4H2,1H3 bUtyl’ate H.H""ﬂ\.\_\%—_ .-"'--. H.H\H-"’#... T -\.h_-r"'-f
O
45 InCh1=1S/C6H1402/c1-3-7-5-6-8-4- 1,2- 0 . . Solvent
2/h3-6H2,1-2H3 diethoxyethane ~ " 0 e
46 InCh1=1S/C4H10S/c1-3-5-4-2/h3- diethyl sulfite o . Additive Similar in structure to organic
4H2,1-2H3 T T carbonates; decomposition
potential lower than 3.5 V
47 INChl=1S/C4H6F203/c1-8-4(7)9-2- difluoro ethyl F Solvent Partially fluorinated alkyl
3(5)6/h3H,2H2,1H3 methyl carbonate
carbonate
0 0 T
- \H’# T F
O
48 InChl=1S/C3H802/c1-4-3-5- dimethoxymet 0 0 Solvent
2/h3H2,1-2H3 hane ,f _ .
49 InChl=1S/C2H6S/c1-3-2/h1-2H3 dimethy!l - . Solvent Decomposition potential > 4.5
sulfide - - V;
Improves conductivity of
electrolyte and capacity of the
battery
50 InCh1=1S/C5H802/c6-5-3-1-2-4-7-  5-valero lacton ~ Solvent Lactone
5/h1-4H2 - ‘“‘H]
07 To~
51 InChl=1S/C4H6F202/c1-2-8- ethyl difluoro F Solvent-Additive Fluorinated
4(7)3(5)6/h3H,2H2,1H3 acetate
- .0 o
R, \H,-' ", F
O
52 INChl=1S/C5H8F203/c1-2-9-5(8)10-  ethyl difluoro E Solvent
3-4(6)7/h4H,2-3H2,1H3 ethyl carbonate ‘
0 0 o
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53 INChI=1S/C6H12F202/c1-2-9-3-4-10- ethoxy difluoro Solvent Fluorinated
5-6(7)8/h6H,2-5H2,1H3 ethoxy ethane F ] , 0
-_..___-' . o~ '\-H_H_LH - ~ -
\r 0 e e
F
54 INCh1=1S/C5H9FO3/c1-2-8-5(7)9-4-3- ethyl Solvent Offers higher conductivity than
6/h2-4H2,1H3 fluoroethyl ~ 0 0 o~ diethyl carbonate
carbonate S~ “H/ SN F
O
55 INChI=1S/C6H13F02/c1-2-8-5-6-9-4-  ethoxy fluoro Solvent Fluorinated
3-7/h2-6H2,1H3 ethoxy ethane Py Py 0 Py
_ - . G F '\-\.\_\_H..___.-' "-\._H.'___.-' Sy, F
56 INChI=1S/C2H602/c3-1-2-4/h3-4H,1- ethylene glycol Filler material Component of solid-state
2H2 0 _ polymer electrolytes
H ™~ ’___,.a-"‘ .y H
- 0
57 INChl=1S/C3H802/c1-5-3-2-4/h4H,2- 2- Solvent
3H2,1H3 methoxyethano H Py .0
| 0- e .,
58 InChI=1S/C5H1202/c1-3-7-5-4-6- 1-ethoxy-2- Solvent High relative permittivity and
2/h3-5H2,1-2H3 methoxyethane - . 0 p lower viscosity compared to
~07 T~ e dimethyI carbonate
59 InChl=1S/C4H1002S/c1-3-7(5,6)4- ethyl methyl Solvent Low melting point and high
2/h3-4H2,1-2H3 sulfone O conductivity
'Ll‘}. .-""-.ﬁ\-\-\""\-\.
.H""‘\-\_H__.-".-. H
O
60 INChl=1S/C2H40/c1-2-3-1/h1-2H2  ethylene oxide Polymer host Polymer electrolyte material
o
61 INChI=1S/C6H1203/c1-3-5-9-6(7)8-4-  ethyl propyl Solvent
2/h3-5H2,1-2H3 carbonate ~— O L .
e HHH/ S .,
0
62 InChI=1S/C5H120/c1-3-5-6-4-2/h3- ethyl propyl e e - Solvent
5H2,1-2H3 ether - 0 N
63 INCh1=1S/C2H403S/c3-6-4-1-2-5- ethylene sulfite Additive Film forming electrolyte
6/h1-2H2 .'"I I"-. additive
0 0
™ -
[
O
64 InChl=1S/C7H1402S/c1-2-10(8,9)7- ethyl Solvent High oxidation potential
5-3-4-6-7/h7H,2-6H2,1H3 cyclopentyl -
sulfone [
0= =0
e HIHM
i 7
'\ /
\ {
\ j
65 InChI=1S/C5H7F303/c1-2-10-4(9)11-  ethyl trifluoro 0 Solvent Fluorinated; Good low

3-5(6,7)8/h2-3H2,1H3

ethyl carbonate

temperature performance
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66 INChl=1S/C6H6F904P/c7-4(8,9)1-17- tris(2,2,2- E Co-solvent Flame-retarding in EC-PC-
20(16,18-2-5(10,11)12)19-3- trifluoroethyl) v _F EMC electrolytes
6(13,14)15/h1-3H2 phosphate Pl
F- -"1_
/ F
N, ol
"-.\._ P g ™ "\-.-""'-; "“-
,}"f Y T\
o 0
F
67 INChl=1S/C4H802S/c1-3-7(5,6)4- ethyl vinyl 0 Solvent High conductivity in LITFSI
2/h3H,1,4H2,2H3 sulfone W o~ electrolyte
E :‘:1'.‘_" - W,
0
68 InChI=1S/C3H3FO3/c4-2-1-6-3(5)7- fluoro Solvent Fluorinated; Forms a protective
2/h2H,1H2 ethylene /— 0 SEI layer on the graphite anode
carbonate | ﬁ'-. upon reduction
A -
F~ N\, =0
O
69 InChl=1S/C5H11FO2/c1-7-4-5-8-3-2-  fluoro ethoxy Solvent Fluorinated, High donor
6/h2-5H2,1H3 methoxy T e 0 number
ethane e 0 o
70 InChl=1S/C4H5F02/c5-3-1-2-7- fluoro-y- F Additive
4(3)6/h3H,1-2H2 butyrolactone 5
—\
/ \
. )
0= ™~ _ .~
0
71 INCh1=1S/C4H5FO3/c5-1-3-2-7-4(6)8- fluoro 0 Solvent Highly polar
3/h3H,1-2H2 propylene f
carbonate F. I" Y
A "m—-"ﬂ---imx"xm _.-.-""'ft::::: D
O
72 INChI=1S/C5H9F03/c1-8-5(7)9-4-2-3-  fluoro propyl 0 0 _ Solvent
6/h2'4H2,1H3 methyl - .""-\.H ___..-"" ""\-\.,\.__ ) e L
carbonate H - -
O
73 INChl=1S/C4H7F302S/c1-10(8,9)3-2- trifluoro propyl = Solvent High-voltage electrolyte
4(5,6)7/h2-3H2,1H3 methyl sulfone 0 F
A F
O
74 INChl=1S/C4H203/c5-3-1-2-4(6)7- maleic Additive Film-forming additive used in
3/h1-2H Anhydride 1/ — \ gel-based electrolytes
0=\, .~ =0
O
75 INChI=1S/C5H1002/c1-3-4-5(6)7- methyl Cosolvent
2/h3-4H2,1-2H3 butyrate O o~ -
0
76 INCh1=1S/C4H5NO2/c1-7-4(6)2-3- methyl 0 ) Additive nucleophile
5/h2H2,1H3 cyanoacetate o HE"E
[
0
77 InCh1=1S/C4H1003S/c1-7-3-4- methoxy ethyl Solvent
8(2,5)6/h3-4H2,1-2H3 methyl sulfone 0
A\ o~ 0
-~ - -~ T
ey .
0
78 INChl=1S/C3H5F03/c1-6-3(5)7-2- mono fluoro Solvent Fluorinated, Higher
4/h2H2,1H3 dimethyl e 0 . e 0 F conductivities than dimethy!
carbonate - T e carbonates at low

concentrations
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79

InChI=1S/C4H7FO3/c1-7-4(6)8-3-2-
5/h2-3H2,1H3

Mono fluoro
ethyl methyl

Solvent

Fluorinated

80

InChI=1S/C5H1003/c1-4(2)8-5(6)7-
3/h4H,1-3H3

Solvent

Alkyl carbonate

81

InChI=1S/C5H1003/c1-3-4-8-5(6)7-
2/h3-4H2,1-2H3

methyl propyl

Solvent

82

InChI=1S/C4H802S/c1-4-2-3-
7(4,5)6/h4H,2-3H2,1H3

methylene

Solvent

83

InChI=1S/C2H602S/c1-5(2,3)4/h1-
2H3

Solvent

Enhanced safety with ethylene
carbonate due to the high flash
point of the mixture

84

InChlI=1S/C5H5F503/c1-12-3(11)13-
2-4(6,7)5(8,9)10/h2H2,1H3

penta fluoro
propyl methyl

Solvent

Fluorinated; High molecular
volume and molecular weight

85

InChI=1S/C3H603S/c1-3-2-5-7(4)6-
3/h3H,2H2,1H3

Additive

Film-forming

86

InChI=1S/C5H6F403/c1-11-4(10)12-
2-5(8,9)3(6)7/h3H,2H2,1H3

tetra fluoro
propyl methyl

Solvent

Fluorinated

87

InChI=1S/C4H5F303/c1-9-3(8)10-2-
4(5,6)7/h2H2,1H3

trifluoro ethyl

Solvent

Fluorinated

88

InChI=1S/C5H7F303/c1-10-4(9)11-3-

2-5(6,7)8/h2-3H2,1H3

trifluoro propyl

Solvent

Fluorinated

89

InChI=1S/C12H2602S/c1-7-
11(9(3)4)15(13,14)12(8-2)10(5)6/h9-
12H,7-8H2,1-6H3

ethyl-iso-butyl

Solvent




90 INCh1=1S/C10H2202S/c1-7- ethyl-iso- Solvent
9(3,4)13(11,12)10(5,6)8-2/h7-8H2,1-  propyl sulfone AY
6H3 Q\_& \ N
"-11 - \ll"'x
-"'." ~ ‘.\"\.
H"\-\. .-"-..:'-' "'\-\
H‘H- - '-.\ D
91 InChI=1S/C8H12F602S/c9-7(10,11)3- 3,3,3- E 0 Solvent
1-5-17(15,16)6-2-4-8(12,13)14/h1- trifluoropropyl F. / I — P
6H2 methyl sulfone L . TN
FTeT T !
F 0 F
92 InChl=1S/C4H803/c1-6-3-4(5)7- methyl Solvent Improvement in safety
2/h3H2,1-2H3 methoxy . 0 o Py o compared to ethylene carbonate
acetate = - ~0°
O
93 INChI=1S/C6H1203/c1-5(4-8-3)9- methoxy-2- H o Solvent
6(2)7/h5H,4H2,1-3H3 propyl acetate e o .,,f""“ua - H”/,
O
94 InChl=1S/C3H5F02/c1-6-3(5)2- methy! fluoro 0 Solvent Fluorinated
4/h2H2,1H3 acetate . .__.-"'-.H'*-L\H/.-' -~
0
95 InChI=1S/C5H1202/c1-3-6-5-7-4- ethoxy Solvent Organic
2/h3-5H2,1-2H3 methoxy ~. o _o_ -
ethane e S~ e
96 INChI=1S/C2H603S/c1-4-6(3)5-2/h1- dimethyl Solvent
2H3 sulfite 0 O
|l
0
97 InChl=1S/C2H603S/c1-5-6(2,3)4/h1- methyl Solvent
2H3 methane 0
sulfonate N . 0
.
O
98 INChI=1S/C2H604S/c1-5-7(3,4)6- dimethyl Solvent
2/h1-2H3 sulfate 0
A O
MH_H.
- 07 w
0O
99 INChI=1S/C4H802S/c1-4-2-7(5,6)3- 2- Solvent
4/h4H,2-3H2,1H3 methyltrimethy
lene sulfone
=0
I
0
100 InChl=1S/C5H802/c1-4-2-3-5(6)7- y-valero Solvent Lactone
4/h4H,2-3H2,1H3 lactone
f \
G '..-.:'::jmh"'xm _.--"'--.!H- -\-\-""--\.
O
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X (a) \
| "molecule": {"@module": "pymatgen.core.structure", !
I "@class": "Molecule", |
I "charge": 1, |
| "spin_multiplicity": 1, |
| "sites": [{"name": "C", I
| "species": [{"element": "C", "occu": 1}], I

"xyz": [2.938002, 0.314537, 0.070767], I
: "properties": {}, ... |

1

| “labels": ["c3HI8CSN", ...], |
| "masses": {"c3HI8C8N": 12.01, !
| "n4H18C8N": 14.01, I
| "hxHI18C8N": 1.008, |
I "hcH18C8N": 1.008}, |
| "nonbond": [[0.1094, 3.3997], ...], |
| "bonds": [{"coeffs": [300.9, 1.5375], |
| "types": [["c3H18C8N", "c3H18C8N"]] |
I |
I |
I 1
I I
I |
I |
I 1
\ I

5
s
"angles": [{"coeffs": [62.86, 111.51],

"types": [["c3H18C8N", "¢c3H18C8N", "c3HI8C8N"]]

}9

s

"impropers': [],
"improper topologies': None,
""charges': [-0.0268, ...]

Fig. S4 Example of a (a) force field dictionary and (b) the labeled structure of the corresponding molecule

(a) system Solvent Donor Structure ] (b) © o Li-TFsI
number Q [o] 1) .
] > o o £ 15- o Li-Solvent
1 Triglyme 14.0 He 00 2 o © o TFsl-Solvent
=4
2 Acetonitrile 14.1 R CHy o 1oF
@
o =
3 Ethyl methyl 15.1 e g g Tt T 5+ o
carbonate i g o 0 o © (o] ° 4 8
Propylene HiC— 00 o o 9
4 16.4 F ] 0 o o) o
carbonate = o, 0., ¢ 8 ° Q.
- 1 2 3 4 5 6 7 8 9 10
5 Butyrolactone 16.6 rF°
L o
6 Tetraglyme 170 w00~ @ T (©) o L
g TFSI
7 Ethylene 18.0 (O 20 c‘,E 3L ° I
carbonate o o o o Solvent
~—
8 Diglyme 20.0 Hoo 0 o, X 2-
- o} o
9 Monoglyme 24.0 Hye O~ oM 'g 1k ° o
b
H. __H o o
10 Water 33.0 o 09 8 08 08 6 o .
1 2 3 4 5 6 7 8 9 10

System Number

Fig. S5 (a) Solvents used for MD simulations with 1 M lithium bis(trifluoromethylsulfonyl)imide, (b) coordination
number, and (c) diffusion coefficients computed using MISPR

26



from collections import OrderedDict

import numpy as np

from pymatgen.core.structure import Molecule
from fireworks import LaunchPad

from mispr.hybrid.workflows.core import run_hybrid_calcs

lpad = LaunchPad.auto_load()

mol_names = ["dme", "tfsi", "1i"]
1i_mol = Molecule.from_file("li.xyz")
1i_mol.set_charge_and_spin(1, 1)
1i_param = {
"Labels": ["1i"],
"Masses": OrderedDict({"1i": 6.941}),
"Nonbond": [[0.191, 1.46]],
"Bonds": [1,
"Angles": [1,
"Dihedrals": [],
"Impropers": [],
"Improper Topologies": None,
"Charges": np.asarray([1.0]),
+

wf = run_hybrid_calcs(
mol_operation_type=["get_from_file", "get_from_file", "get_from_mol"],
mol=["dme.xyz", "tfsi.xyz", li_moll],
mol_type=["Solvents", "Solutes", "Solutes"],
mol_data=[648, 36, 36],
box_data=50.0,
mol_name=mol_names,
ff_method=["get_from_esp", "get_from_esp", “"get_from_dict"],
ff_params=[{}, {}, li_param],
skips=[None, None, ["opt"l],
charge=[0, -1, 1],
data_file_name="data.mixture",
analysis_list=["diffusion", "rdf", "cn", "clusters"],
analysis_settings=[

"diff_names": mol_names,
“timestep": 1,
"com_drift": True,
"msd_method": "from_dump",
“dump_freq": 100,
"diff_dist": True,
"avg_interval": True,

},

{"rdf_type": "atomic"},
{"cn_type": "atomic"},
{"atom_type": 10, "r_cut": 2.25},

I,

process_mol_func=False

)
1lpad.add_wf(wf)

Fig. S6 Code snippet of the submission of a hybrid DFT-MD workflow for a lithium
bis(trifluoromethylsulfonyl)imide in monoglyme liquid solution using the default MD recipe in MISPR, GAFF
parameters for the anion and solvent, and user-defined parameters for the cation
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"oid": {"Soid": "5f7231b69f337£2f00735287"},
"molecule": {"(@module": "pymatgen.core.structure",
"(@class": "Molecule",
"charge": 0,
"spin multiplicity": 1,
"sites": [...]},

"smiles'": "[S]SSS[Li].[Li].C1=Cc2cccc3c2[C@](C1)(CC=C3)O",

"inchi": "InChl=1S/C13H120.2Li.HS8/c14-13-8-2-6-10-4-1-5-11
(12(10)13)7-3-9-13;;;1-3-5-7-8-6-4-2/h1-7,14H,8-9H2;;;
1H/q;;+1;/p-1",

"formula_pretty": "Li2H12C13540",

"chemsys'": "C-H-Li-O-8",

"energy": -2185.8227,

"be_eV'": {"sites": [4,19],

"atoms": ["Li", “O"],
"value": -0.3175},

"functional': "B3LYP",

"basis": "6-31G(d)",

"phase": "gas",

"tag": {"project: "Li-S"},

"state": "successful",

"wall_time (s)"': 779.6842,

"last_updated": {"Sdate": "2020-09-28T18:55:49.768Z"},

"version": "0.0.1",

"gauss_version'': "ES64L-G16RevC.01",

"functional_group": "hydroxyl",

"polysulfide": "Li2S4",

"run_ids": [...]

—_ e e e e e e e e e e e e e e e e e e e e e e - —

J (b)
"smiles": ["O(C)CCOC",
! "[NJ(8(=0)(=0)C(F)(F)F)S(=0(=0)C(F (F)F",
! “[Li]"].
I "nmols": [648, 36, 36],
I "natoms_per_mol": [16, 15, 1],
| "mass":[16,12.01, 12.01, 1.008, 14.01, 32.06, 16.0, 12.01, 19.0, 6.94],
| "box": {"@module": "pymatgen.io.lammps.data",
I "(@class": "LammpsBox",
I "(@version": null,
| "bounds": [[-0.25, 50.25], [-0.25, 50.25], [-0.25, 50.25]],
"tilt": null},
! "diffusion: {"timestep": 1, "units": "real", "tao_coeff": 4,
! "msd_type": "com", "return_all": false,
I "com drift": true, ...,
I "diffusion": [1.237e-09, 5.769¢-10, 5.888¢-10],
| "std": [8.038e-13, 1.469¢-12, 2.006e-12],
| "r2": [0.999, 0.993, 0.988]},
1 "rdf": {"r cut": 20, "bin size": [0.05], ...,
I "rdf_type": "atomic", "rdf use_default_atom_ids": true},
o Men": {'r_cut™: [2.7, 9.82,7.26, 10.27],
| "bin_size": [0.05], ...,
"partial_relations™: [[10, 10, 10, 10], [1, 5, 7, 10]],
! "cn_type": "atomic", "cn_use default_atom_ids": true,
! "en": {"en_10-1": 5.253, "cn_10-5": 1.828,
! "en_10-7": 2.652, "cn_10-10": 0.487}},
I "clusters™: {"atom_type": 10, "r_cut": 2.7, ...,
| "num_clusters": 36036, "num_configurations": 8, ...},
| “run_ids": [...]
A
~

Fig. S7 Example of (a) binding energy document from the DFT database and (b) MD document

LiS>

Li2S4

Li>Ss

2>
&

Pristine graphene model

Legend
- Q

i Q

Fig. S8 Structure of Li,Sx (X = 2, 4, 8) species and pristine graphene model used in the BE calculations
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Table S4 Benchmarking results of the adiabatic IP/EA calculations using the SMD solvation model; potentials are
reported relative to the Li*/Li potential scale

Experimental - g3y vpig 31144G*  BILYP/def2-TZVPD

IP (V)
IP (eV) EA (eV) IP (eV) EA (eV)
6 — ethyl methyl
sulfone
THF (¢ = 7.4257) 6.191 -0.860 6.191 0.242
Acetone (¢ =20.493) 5.5 (LiTFSI)® 5.964 -0.776 5.947 0.527
Water (¢ = 78.355) 6.072 -0.690 6.030 0.770
27 — propylene
carbonate
THF (¢ = 7.4257) . 4 6.904 -0.858 6.828 -0.734
Acetone (& = 20.493) 52 (()'-('S'F?F‘;))4 6.697 10,260 6.627 -0.493
Water (g = 78.355) ' 6.564 0.303 6.482 0.091
53 — ethoxy difluoro
ethoxy ethane
THF (e = 7.4257) 5.214 -1.031 5.213 0.175
Acetone (¢ =20.493) 5.025 5.002 0.507
Water (g = 78.355) 4,995 -0.952 4.910 0.701
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