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Details of the automated synthesis system

Experimental validations were conducted using a custom-developed automated synthesis system. The
platform integrates two robotic arms, two electronic pipettes, and an electronic balance, all of which
are centrally controlled via Python-based programming to enable fully automated operation. Precise
control over the dispensing speed and volume of the electronic pipettes, together with highly
reproducible positional control provided by the robotic arms, ensures consistent reagent handling and
minimizes human-induced variability. As a result, the automated system significantly improves
experimental reproducibility and throughput, while enabling efficient and reliable execution of large

sets of synthesis experiments.

Fig. S1 Photograph of the custom-developed automated synthesis platform used for experimental validation.



Table S1. References included in the curated database.

Author DOI Ref
Ahmad (2018) 10.1016/j.seppur.2018.06.067 1
Ahmadi (2024) 10.5812/ijpr-144928 2
Aljundi (2017) 10.1016/j.desal.2017.06.020 3
Armel (2015) 10.3390/catal 5031333 4
Balkanloo (2024) 10.1016/j.cej.2024.153835 5
Barjasteh (2022) 10.1016/j.ijpharm.2022.122339 6
Beh (2018) 10.1016/j.matchemphys.2018.06.022 7
Cao (2023) 10.1016/j.desal.2023.116373 8
Chang (2010) 10.1021/ja1058229 9
Chen (2022) 10.1016/j.micromeso.2022.111983 10
Chi (2015) 10.1016/j.memsci.2015.08.016 11
Chin (2018) 10.1039/c8ra03459a 12
Cho (2018) 10.1039/c8ta02797h 13
Chowdhuri (2017) 10.1088/1361-6528/aa57af 14
Cravillon (2009) 10.1021/cm900166h 15
Cravillon (2011a) 10.1002/anie.201102071 16
Cravillon (2011b) 10.1021/cm103571y 17
De (2025) 10.1021/acs.molpharmaceut.4c00981 13
Demir (2014) 10.1016/j.micromes0.2014.07.052 19
Ding (2017) 10.1016/j.colsurfa.2017.02.012 20
Eum (2015) 10.1021/jacs.5b00803 21
Fan (2015) 10.1039/c5ra09981a 22
Gao (2019) 10.1016/j.desal.2017.06.021 23
He (2019) 10.1021/acs.inorgchem.9b00288 24
Heinz (2023) 10.1039/d3qi01007d 25
Imae (2022) 10.1021/acsanm.2¢03793 26
Jampa (2020) 10.1016/j.eti.2020.100927 27
Jana (2024) 10.1016/j.colsuc.2024.100030 28
Jian (2015) 10.1039/c5ra04033g 29
Jiang (2013) 10.1021/am403079n 30
Jiang (2017) 10.1021/acsami.7b04432 31
Jiang (2021) 10.1021/acsami.0c22910 32
Jomekian (2016) 10.1016/j.jngse.2016.03.067 33
Jomekian (2017) 10.1016/j.memsci.2016.11.065 34
Karimi (2019) 10.1016/j.seppur.2019.115838 35
Kawada (2022) 10.1039/d2ce00488¢ 36
Khay (2015) 10.1039/c5ra02636a 37
Kida (2013) 10.1039/c2ce26847g 38
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Kim (2019) 10.1016/j.memsci.2019.04.029 39
Kim (2024) 10.3390/nano14030284 40
Kolmykov (2016) 10.1016/j.tetlet.2016.11.070 41
Kong (2024) 10.1016/j.surfcoat.2024.130812 42
Kulkarni (2021) 10.1016/j.ijbiomac.2021.02.161 43
Kumari (2013) 10.1021/jp407792a 44
Lai (2014) 10.1080/02726351.2014.920445 45
Lai (2016) 10.1002/adfm.201603607 46
Lai (2017) 10.1021/acscatal.6b02966 47
Lee (2015) 10.1021/acs.jpcc.5b01519 48
Lee (2019a) 10.1016/j.jiec.2018.12.039 49
Lee (2019b) 10.1016/j.memsci.2018.10.015 50
Li (2014) 10.1021/jp508381m 51
Li (2017a) 10.1002/s1ct.201701607 52
Li (2017b) 10.1039/c6nr08987a 53
Li (2018) 10.1039/c8nr02288g 54
Li (2019) 10.1038/s41467-019-10218-9 55
Li (2020) 10.1246/bcsj.20190298 56
Li (2021a) 10.1016/j.memsci.2021.119095 57
Li (2021b) 10.1016/j.seppur.2021.118794 58
Li (2022) 10.3390/membranes 12020122 59
Li (2024) 10.1002/sml1.202406187 60
Linder-Patton (2018) 10.1039/c8ce00746b 61
Liu (2013a) 10.1039/c3cc45308a 62
Liu (2013b) 10.1039/c3tal2433a 63
Liu (2014) 10.1016/j.memsci.2013.09.029 64
Liu (2017) 10.1039/c6dt04582k 65
Luo (2018) 10.1002/adma.201704576 66
Luo (2019) 10.1002/ccte.201900051 67
McEwen (2013) 10.1016/j.chemphys.2012.12.012 68
Mittal (2022) 10.1038/541598-022-14630-y 69
Mohammadi (2024) 10.1021/acsami.3¢c15524 70
Muiioz-Gil (2019) 10.3390/nan09101369 71
Nguyen (2023) 10.1016/j.jcou.2023.102451 72
Nie (2017) 10.1149/2.1521713jes 73
Pan (2011) 10.1039/c0cc05002d 74
Pandey (2024) 10.1016/j.molstruc.2024.138452 75
Patterson (2015) 10.1021/jacs.5b00817 76
Qin (2023) 10.1016/j.ijpharm.2023.123167 77
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Qiu (2022) 10.1002/s1ct.202203273 78
Saghir (2021) 10.1016/j.materresbull.2021.111372 79
Schejn (2014) 10.1039/c3ce42485¢ 80
Schneider (2024) 10.1002/celc.202300476 81
Seo (2025a) 10.1007/s11814-024-00215-0 82
Seo (2025b) 10.1016/.jallcom.2025.178578 83
Sharma (2020) 10.1021/acs.jpcc.0c07194 84
Shen (2023) 10.1039/d3ce00162h 85
Shi (2016) 10.1039/c6tb00104a 86
Si (2020) 10.1007/s10853-020-04909-8 87
Song (2023) 10.1021/acsami.3c02647 88
Sénchez-Lainez (2016) 10.1016/j.memsci.2016.05.039 89
Ta (2018) 10.1002/cjce.23155 90
Tanaka (2012) 10.1246/c1.2012.1337 91
Tanaka (2015) 10.1021/acs.jpce.5b09520 92
Thomas (2025) 10.1039/d5na00217f 93
Tian (2016) 10.1039/c6dt00565a 94
Torad (2013) 10.1039/c3cc38955¢ 95
Tran (2020) 10.1016/j.seppur.2019.116026 96
Tsai (2016) 10.1016/j.micromeso0.2015.08.041 97
Van Cleuvenbergen (2016) 10.1021/acs.chemmater.6b01087 98
Venna (2010) 10.1021/ja109268m 99
Wang (2016) 10.1039/c6ta02420c¢ 100
Wang (2017) 10.1039/c7cy01725a 101
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Wang (2018b) 10.1002/sml1.201704282 103
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Weber (2020) 10.1021/acs.cgd.9b01444 106
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Yang (2017) 10.1021/acsami.7b10856 109
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Yin (2015) 10.1016/j.cej.2014.08.075 111
Zhang (2012) 10.1021/jz300855a 112
Zhang (2013) 10.1021/jz402019d 113
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Zhang (2014b) 10.1021/jp5081466 115
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Zhao (2015) 10.1246/c1.150137 122
Zheng (2016) 10.1021/jacs.5b11720 123
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Fig. S2 Citation network of the literature sources included in the dataset. The connecting lines indicate citation
relationships between publications, and the node color represents publication year. The network visualization was

generated using VOSviewer!3!.
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Table S2. The optimal hyperparameters for CB, RF, and XGB models

CB

RF

XGB

iterations = 200
learning_rate = 0.04
depth =38

12 leaf reg=1.0
bagging temperature=0
loss_function = ‘RMSE’
random_seed =42

verbose = False

n_estimators = 150
max_depth =12
min_samples_split =4
min_samples_leaf =1
max_features = ‘log2’
ccp_alpha=0.0022
random_state = 42

n_jobs =-1

n_estimators = 150
colsample_bytree = 0.8
max_depth =5
min_child weight =2
reg alpha=35

reg lambda =5
gamma = 0.1
subsample = 0.8
learning_rate = 0.07
random_state = 42

n_jobs =-1
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