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Figure S1. Frontier orbitals for SO, and DES.
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Figure S2. Optimized configuration of pure solvents (cluster-3)



Figure S3. Gradient isosurfaces (s =0.35 au) for complex-c. The surface is
colored on a red-green-blue scale according to values of sin(A,)p, ranging from -0.02
to 0.02 au. Red indicates strong attractive interactions, and blue indicates strong

nonbonded overlap.

* The colors in the black cycles are red, which means a strong attractive interaction
between O33...H9 and O35...H13. These results should be a direct evidence for the

hydrogen bonding between C-H groups and O atoms.



Table S1. Charge analysis on interaction of SO, for different Ch-cation-based species

(MK charge was used)

before after Ag SO, (Ag)
Ch* 1.000 0.975 -0.025 0.025
[Ch,Cl1]* 1.000 1.104 0.104 -0.104
[ChCl,] -1.000 -0.731 0.269 -0.269




Table S2. Calculated entropies for different clusters.

entropy (unit: cal/mol*K)

cluster-2-a 261.61
cluster-2-b 250.63
cluster-2-c 248.87

* Strictly speaking, the definition of the compactness in the current manuscript is
difficult. Generally, the compactness can be estimated by the volumes of the clusters.
Lower volume value means higher compactness of the cluster. According to the
Glasser’s theory, the values of the volumes for ionic liquids are linearly correlated to
the entropies.[1-3] Because of the similarity with ionic liquids, the DESs may possess
the same relationship between entropies and volumes. Hence, the entropies of three
clusters have been calculated (Table S2). These results show the order of the entropy
follows: cluster-2-a < cluster-2-b < cluster-2-c. According to the Glasser’s theory, it

can be roughly known that the volume of the clusters also follow the same order.

[1] L. Glasser, Thermochim Acta, 2004, 421, 87-93.
[2] ). Wei, C. Chang, Y. Y. Zhang, S. Y. Hou, D. W. Fang and W. Guan, J Chem Thermodyn, 2015, 90,
310-316.

[3] Q. S. Liu, J. Liu, X. X. Liu and S. T. Zhang, ] Chem Thermodyn, 2015, 90, 39-45.
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The optimized geometries of the crucial structure reported in the paper
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. 28804900
. 39603500
. 13377000
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. 86484100
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. 99774300
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. 74198100
. 25325500
. 28579800
. 12302600
. 99125800
. 85415800
. 06434200
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. 70633700
. 11416500
. 47708500
. 95910600
. 10238200
. 41514600
. 09306100
. 21877000
. 39813200
. 27237900
. 78588100
. 75806300
. 74386600
. 43598900
. 84546600
. 74608900
. 86084000
. 61683500
. 03139300
. 26255400
. 01165800
. 54568500
. 91062900
. 91458600
. 67546900
. 25359000
. 12440700
. 09068700
. 32796000
. 57340200
. 40470100
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. 13686900
. 92590200
. 97945800
. 55396000
. 76908800
. 33169100
. 38880600
. 70022500
. 03004000
. 68254800
. 10514200
. 55725200
. 40468000
. 62510400
. 83677800
. 60352700
. 66510400
. 55803900
. 50543400
. 68132300
. 17738300
. 66774200
. 73290700
. 53247800
. 05094200
. 50843000
. 64538700
. 50768700
. 68568000
. 60621400
. 48836900
. 65755200
. 69735500
. 21296900
. 48971800
. 57405100
. 18409800
. 88152900
. 11710500
. 23920800
. 70232400
. 32431800
. 27496300
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. 94861200
. 28050100
. 23344100
. 23639000
. 45608900
. 86305400
. 91520600
. 79978400
. 02471300
. 32266400
. 67653200
. 11581200
. 16990400
. 82367300
. 63974000
. 73947200
. 34918300
. 67822400
. 51355500
. 40008400
. 53020600
. 18745400
. 98742600
. 09508800
. 72963000
. 18215900
. 15122400
. 89467000
. 63005300
. 59507300
. 09178700
. 57950000
. 00708100
. 52143200
. 90395200
. 45341600
. 55884900
. 59546000
. 99702000
. 22938000
. 57558100
. 85411100
. 38403300
. 84326700

. 96909300
. 98673500
. 75999000
. 03006500
. 78049000
. 45248100
. 50602100
. 18586800
. 25729900
. 16342500
. 53231800
. 54325700
. 20834500
. 27304800
. 39247200
. 02543300
. 84195600
. 07414000
. 90065100
. 24279300
. 28752500
. 74064300
. 68411300
. 39164600
. 49072600
. 90154000
. 97710300
. 35972600
. 14300300
. 31132300
. 10299300
. 68921900
. 81784300
. 09573200
. 36787600
. 87175100
. 95368000
. 04315700
. 29576400
. 13602000
. 86576800
. 44342100
. 38985800
. 15180800
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. 81816000
. 42315100
. 90620600
. 09942000
. 10837200
. 50812800
. 24624400
. 62536800
. 17723400
. 31684200
. 75579700
. 50745100
. 90373300
. 55033000
. 24980000
. 17966400
. 22869000

1. 68805300

. 35509700
.01717700
. 49541300
. 41160700
. 23250600
. 07066500
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. 49312400
. 37628000
. 48812000
. 07393700
. 11105400
. 53097400
. 11209600
. 52335200
. 10050400
. 95738700
. 33706600
. 40803400
. 06945200
. 94709200
. 58312400
. 34874100
. 34454700
. 17651400
. 69938400
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. 91241800
. 05220200
. 52003900
. 09986500
. 46472900
. 50673700
. 45253800
. 38895000
. 88508900
. 24540300
. 53665200
. 27566500
. 80958900
. 53828800
. 17910200
. 10246700
. 44979400
. 14771800
. 38911900
. 64701500
. 05428100
. 21962500
. 81513200
. 92040500

. 31900000
. 23124900

1. 61003400

. 31070800
. 18625100
. 54985200
. 16001200
. 27983400
. 50356100
. 93413000
. 60287500
. 20421400
. 01926900
. 90838300
. 72483300
. 90936200
. 01465200
. 16405300
. 79884700
. 20932000
. 74972100
. 11970500
. 24096300
. 90278700
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. 30490400
. 61646600
. 25640000
. 92201100
. 44013000
. 84600100
. 20424200
. 38180300
. 57918500
. 90781200
. 92146100
. 54138600
. 63166800
. 26289300
. 59701000
. 87428000
. 36754600
. 85636100
. 96575400
. 12136800
. 99465800
. 57753000
. 33954300
. 15609300



