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A machine Learning-Big Data Study on High-Energy Metal-Organic
frameworks for chiral drug Ibuprofen resolution and transportation
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Abstract: Drug separation/drug loading materials have become one of the significant research objects
in controlled drug release and drug preparation technology. In order to select candidates for efficient
drug loading from a large number of existing materials and explore their loading mechanisms, 1 000
MOFs materials were extracted from the CoRE-MOF 2019 database for this study, and their adsorptive
loading performance the drug ibuprofen was explored by high-throughput calculations. Firstly, the
eight structure/energy descriptors of MOFs were analyzed by univariate analysis with the adsorption se-

lectivity (Sgypyy,) » adsorption capacity (Ng ) and trade-off value (TSN) of MOFs for ibuprofen
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drug molecules, and the relationship trend between different descriptors and the three performance in-
dicators were preliminarily explored. Secondly, six machine learning models including Random For-
est, Extreme Gradient Boosting ( XGB), Gradient Boosting Decision Tree, Light Gradient Boosting
Machine, Backpropagation Neural Network , and Support Vector Regression six machine learning algo-
rithms with eight descriptors and three performance evaluation criteria ( Adsorption selectivity Sg p,x, 5
Adsorption capacity Ngy,/y, and Trade-off value TSN) for big data training and mining, were used to
establish quantitative relationships. The results show that the prediction accuracy of the six ML algo-
rithms is Ngypy > TSN > Sq 5,5, For Sqppy,n, » XGB showed the best prediction (R* =0.83). Subse-
quently , based on the XGB model, the SHaple Additive explanation (SHAP) method was used to ex-
plain and analyze the importance of MOF descriptors to performance indicators. The total energy gen-
erated during MOF adsorption is considered to be the key influencing factor, and it shows a positive
correlation trend with both TSN and Ny ;. Finally, combined with toxicological analysis, a series of
high-performance MOF materials were recommended and designed. This work, from molecular level,
high-throughput computing to big data mining, systematically studied the adsorption and delivery

mechanism of ibuprofen drug molecules in MOF, which provides theoretical guidance for drug delivery

materials.
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B3R
% S1 UFF rh MOFs gy L] S%
Table SI  Lennard-Jones parameters of MOFs from UFF
Atom &/kB/K o/A Atom &/kB/K o/A Atom &/kB/K o/A
Ac 16. 60 3.10 Ge 190. 69 3.81 Po 163.52 4.20
Ag 18.11 2.80 Gd 4.53 3.00 Pr 5.03 3.21
Al 254.09 4.01 H 22.14 2.57 Pt 40.25 2.45
Am 7.04 3.01 Hf 36.23 2.80 Pu 8.05 3.05
Ar 93.08 3.45 Hg 193.71 2.41 Ra 203.27 3.28
As 155. 47 3.77 Ho 3.52 3.04 Rb 20.13 3.67
At 142.89 4.23 I 170.57 4.01 Re 33.21 2.63
Au 19.62 2.93 In 301.39 3.98 Rh 26.67 2.61
B 90.57 3.64 Ir 36.73 2.53 Rn 124.78 4.25
Ba 183.15 3.30 K 17.61 3.40 Ru 28.18 2.64
Be 42.77 2.45 Kr 110. 69 3.69 S 137.86 3.59
Bi 260. 63 3.89 La 8.55 3.14 Sh 225.91 3.94
Bk 6.54 2.97 Li 12.58 2.18 Sc 9.56 2.94
Br 126.29 3.73 Lu 20.63 3.24 Se 146. 42 3.75
C 52.83 3.43 Lr 5.53 2.88 Si 202.27 3.83
Ca 119.75 3.03 Md 5.53 2.92 Sm 4.03 3.14
Cd 114.72 2.54 Mg 55.85 2.69 Sn 285.28 3.91
Ce 6.54 3.17 Mn 6.54 2.64 Sr 118.24 3.24
cf 6.54 2.95 Mo 28.18 2.72 Ta 40.75 2.82
cl 114.21 3.52 N 34.72 3.26 Th 3.52 3.07
Cm 6.54 2.96 Na 15.09 2.66 Te 24.15 2.67
Co 7.04 2.56 Ne 21.13 2.66 Te 200.25 3.98
Cr 7.55 2.69 Nb 29.69 2.82 Th 13.08 3.03
Cu 2.52 3.11 Nd 5.03 3.18 Ti 8.55 2.83
Cs 22.64 4.02 No 5.53 2.89 TI 342. 14 3.87
Dy 3.52 3.05 Ni 7.55 2.52 Tm 3.02 3.01
Eu 4.03 3.11 Np 9.56 3.05 U 11.07 3.02
Er 3.52 3.02 0 30.19 3.12 A 8.05 2.80
Es 6.04 2.94 Os 18.62 2.78 w 33.71 2.73
F 25.16 3.00 P 153.46 3.69 Xe 167. 04 3.92
Fe 6.54 2.59 Pa 11.07 3.05 Y 36.23 2.98
Fm 6.04 2.93 Pb 333.59 3.83 Yb 114.72 2.99
Fr 25.16 4.37 Pd 24.15 2.58 Zn 62.39 2.46
Ga 208. 81 3.90 Pm 4.53 3.16 Zr 34.72 2.78
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Table S2 Top 15 MOFs Material based on TSN

VSA p Qsl,S—]BL Total Energy Ny 15y
5 PLD LCD
CSD Metal ~ /(m*- / (kg i ¢ /(k]- /(kI« /(mol-  Ssiun, TSN
cm_3) me) mol_]) mol") U_I'C_])
AVAJUE Cu 1016.69 19.54 164.12 37.53 0.95 69.29 2271.27  97.583 79 1102.65
ACOCUS Zn 1523.24 13.22 346.49 24.38 0.93 83.80 2234.51  85.232 .62 955.94
ACODAZ Co 1539.04 13.12 343.14 23.29 0.93 88.77 2192.10  81.053 .31 913.38
BIGZUO  Cr, Ag 1409.6 20.99 308.30 21.72 0.90 87.17 1905.25 77.23 .2 907.91
ADATEG Cu 1492.37 13.34 238.78 27.34 0.92 84.16 1981.44  78.491 .8 907. 69
ACOCOM Cu 1542.98 13.03 349.93 24.61 0.93 84.81 2099.35  79.646 .36 889.37
BAZGAM Cu 826.332 24.24 126.53 42.80 0.96 86.31 1789.28  72.982 .7 861.58
ADUROI Zn 1275.01 17.12 402.57 25.69 0.85 86.23 1928.36 74.513 .53 857.35
5024 922 Zn 1437.25 15.86 295.00 20.52 0.8 91.79 1587.45  60.812 710.29
AWUPAL In 1726.10 9.24 348.55 18.42 0.91 93.03 1705.51  60.829 .77 683.66
AWUPOZ In, Mn 1742.35 9.26 353.42 18.42 0.91 88.13 1618.00 59.264 .17 664.68
ADASAB  Ln, Fe 1752.40 9.28 362.43 18.45 0.89 90.22 1517.56  55.201 .02 617.78
ADASAB Cu 1659.76 13.49 343.94 22.82 0.88 82.67 1327.33  52.165 92727.46  596.63
AVAKAL Cu 1282.08 12.58 207.42 26.25 0.94 93.21 1286.11  49.602 121 273.6 580.63
BIHBAX Cr, Ag 1476.98 17.56 321.68 18.57 0.90 87.41 1222.74  49.385 126 404.3 580. 14
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Histogram of LCD distribution of (a) 1 000 MOFs and (b) CoRE-MOF 2019 dataset





