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1. Supplementary Figures and Discussion

Fig. S1. The 2D contour maps of the Laplacian of the electron density (V?p) for ChB
donors (a) PhSeBr and (b) PhSeCl molecules. The red dash line and purple solid line
correspond to the negative and positive zone, respectively. Computational level: M06-
2X/def2-SVP.

The topology of the Laplacian of the electron density have been regarded as an effective
tool to clarify the noncovalent interaction'->. As shown in Fig. Sla, there are two
significant local concentration of electron density in the valence shell charge
concentration of Br. For the PhSeCl molecule, the electrons are concentrated around
the whole CI atom. Compared with Br and Cl, around Se atoms belong to a depleted
electron density surrounding, which can bind the rich-electronic groups to form the

ChB complex.
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Fig. S2. (a-c) Melting points of other three eutectic systems.
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Fig. S3. The thermal behavior of (a) (TBAC),5(PhSeBr) s, (b) (TBAC)(.s(PhSeCl) s,
(c) (TBAB)5(PhSeBr)gs, (d) (TBAB)ys(PhSeCl)ys in respective successive cycles.

Red and blue lines represent the first and second heating cycles, respectively.
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Fig. S4. (a-b) The *C NMR spectra of pure TBAC, TBAB, and corresponding ChDES

systems (molar ratio 1:1). The solvent is CDCl;.

TBAC: 3C NMR (101 MHz, CDCls) 8 77.58, 77.16, 76.74, 58.79, 23.99, 19.63, 13.62
TBAC+PhSeBr: 3C NMR (101 MHz, CDCl;) 8 77.58, 77.16, 76.74, 59.34, 24.38,
19.96, 13.87
TBAC+PhSeCl: *C NMR (101 MHz, CDCl3) 8 77.58, 77.16, 76.74, 59.25, 24.36,
19.95, 13.85
TBAB: 3*C NMR (101 MHz, CDCls) 8 77.58, 77.16, 76.74, 59.04, 24.20, 19.76, 13.70
TBAB+PhSeBr: 3C NMR (101 MHz, CDCly) & 77.58, 77.16, 76.74, 59.39, 24.43,
19.98, 13.88
TBAB+PhSeCl: °C NMR (101 MHz, CDCl;) & 77.58, 77.16, 76.74, 59.33, 24.40,
19.95, 13.85
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Fig. S5. (a-c) The FTIR spectra of other three ChDESs (molar ratio 1:1) and

corresponding pure components.
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Fig. S6. (a-c) The UV-vis spectra of other three ChDESs (molar ratio 1:1) and

corresponding pure components. The solvent is CH,Cl,.
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Fig. S7. (a-c) TGA curves of other three ChDESs (molar ratio 1:1).
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Fig. S8. (a-b) The sign(A,)p vs RDG plots and corresponding NCI isosurfaces of
(TBAC)(5(PhSeCl)gs. (c) Gradient vector field of the electron density for Se...Cl
interaction in (TBAC)(5(PhSeCl)ys. (d) The plot of electron deformation density of
(TBAC)(5(PhSeCl)s.
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Fig. S9. (a-b) The sign(X,)p vs RDG plots and corresponding NCI isosurfaces of
(TBAB)(.5(PhSeBr)ys. (c) Gradient vector field of the electron density for Se...Br
interaction in (TBAB), s(PhSeBr)5 (d) The plot of electron deformation density of
(TBAB)( 5(PhSeBr)g 5.
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Fig. S10. (a-b) The sign(A,)p vs RDG plots and corresponding NCI isosurfaces of
(TBAB) 5(PhSeCl)ys. (c) Gradient vector field of the electron density for Se...Br
interaction in (TBAB) s(PhSeCl)ys (d) The plot of electron deformation density of

(TBAB), 5(PhSeCl)ys.
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E;.: = -13.87 kcal/mol

Fig. S11. A diagram of optimized geometries of (TBAC),s(PhSeBr)ys complex. The

chalcogen bond and hydrogen bonds were marked with dash lines and the interaction

energy was provided.
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Fig. S12. A diagram of optimized geometries of (TBAC), s(PhSeCl)y s complex. The
chalcogen bond and hydrogen bonds were marked with dash lines and the interaction

energy was provided.
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E, = -14.31 kcal/mol

Fig. S13. A diagram of optimized geometries of (TBAB)qs(PhSeBr)q s complex.

The chalcogen bond and hydrogen bonds were marked with dash lines and the

interaction energy was provided.
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E. = -15.62 kcal/mol
Fig. S14. A diagram of optimized geometries of (TBAB), s(PhSeCl)y s complex. The

chalcogen bond and hydrogen bonds were marked with dash lines and the interaction

energy was provided.
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2. Table

Table S1. IR spectral peaks of pure ChB acceptors and prepared ChDESs (molar ratio

1:1). The value given is corresponding to the peak absorbance of pure components.

Substrate/System von'c), em!
TBAC 1030, 891
TBAC+PhSeBr 1006, 883
TBAC+PhSeCl 1021, 881
TBAB 1031, 889
TBAB+PhSeBr 1008, 882
TBAB+PhSeCl 1022, 882

Table S2. Some topological properties in a.u at the bond critical point (bcp) of the ChB
and HB interactions in the (TBAC), s(PhSeBr),s ChDES obtained using the atoms in
molecules (AIM) theory by the M06-2X/def2-SVP method. The numberings of the
atoms in Table S2 are the same as the Fig. S11.

pbcpa

2 c
Vv pbcpb HbCP

Vbcpd

Gbcpe

e 1) (om  aey oy oy OV E L R
C3-Sel2:--Cl 67 1.8 4.6 0.30 -1.1 1.1 1.0 -3.27 3.15 0.85 168.2
C30-H32---Sel2 0.69 1.9 0.73 -0.34 0.41 1.2 -0.80 3.20 1.03 111.0
C42-H44---Sel2 0.85 2.4 0.75 -0.46 0.54 1.2 -1.15 291 0.94 130.6
C18-H20---Sel2 0.72 2.1 0.68 -0.39 0.46 1.2 -0.86 3.06 0.99 129.5
C36-H38---Brl3 0.63 2.1 0.78 -0.36 0.44 1.2 -0.66 3.11 1.02 118.3
C63-H64---Brl13 0.70 2.2 0.86 -0.38 0.46 1.2 -0.82 3.06 1.00 114.8

2 The electron density.

4 The potential electron density.

f The bond energy, kcal/mol.

h

L _
. (SeClT)
(re+7__)

b The Laplacian of electron density.

¢ The kinetic energy density.
¢ The bond length, A.

¢ The energy density.

Cl" " where rs. and r¢y are van der Waals radii of selenium and Pauling ionic radii of

chlorine, respectively.

i The bond angle, deg.
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Table S3. Some topological properties in a.u at the bond critical point (bcp) of the ChB
and HB interactions in the (TBAC) 5(PhSeCl)q s ChDES. The numberings of the atoms
in Table S3 are the same as the Fig. S12.

R e AR A
C3-Sel2--Cl 66 2.0 4.9 0.092 -1.2 1.2 1.0 -372 3.09 083 1684
Cl4-H16---Sel2  0.75 2.2 072 -0.40 0.47 1.2 -093 304 098 1212
C52-H53---Cl67  0.86 2.6 049 056 0.60 1.1 -1.18 285 097 1285
C38-H40---Cl67 1.1 3.0 -0.18 -0.66  0.79 1.2 -1.71 269 091 1594
C62-H63---Cl67  0.63 2.5 1.2 -038 0.50 1.3 -0.66 3.03 1.03 1042

Table S4. Some topological properties in a.u at the bond critical point (bcp) of the ChB
and HB interactions in the (TBAB), s(PhSeBr), s ChDES. The numberings of the atoms
in Table S4 are the same as the Fig. S13.

e 0 ey amy aoy ey OV F ¢ R
C3-Sel2---Br 66 1.5 3.8 0.88 -0.76 0.85 1.1 -2.60 3.33 0.86 177.0
C41-H43---Sel2 0.80 2.0 0.32 -0.43 0.47 1.1 -1.04 3.02 0.97 161.8
C29-H31---Br67 0.82 2.3 0.62 -0.46 0.52 1.1 -1.09 2.99 0.98 122.6
C35-H37---Br67 0.82 2.3 0.50 -0.47 0.52 1.1 -1.09 2.95 0.97 135.7
C44-H47---Br67 0.50 1.6 0.66 -0.26 0.32 1.2 -0.37 3.27 1.07 122.4
C41-H43---Br67 0.72 24 0.84 -0.43 0.51 1.2 -0.86 3.07 1.01 116.4

18



Table S5. Some topological properties in a.u at the bond critical point (bcp) of the ChB
and HB interactions in the (TBAB) 5(PhSeCl)q s ChDES. The numberings of the atoms
in Table S5 are the same as the Fig. S14.

G o o vy oy OV F @
C3-Sel2:+*Br 67 1.6 4.0 088 -0.82 091 1.1 -2.83 329 085 1772
C41-H43---Se12  0.80 2.1 042 -045 0.49 1.1 -1.04  3.01 097 160.0
C29-H31---Cl66  0.95 3.0 0.67 -0.62 0.69 1.1 -1.38 277 094 119.2
C35-H37---Cl66  0.96 2.8 028 -0.60 0.66 1.1 -1.40 277 094 1378
C44-H47---Cl66  0.51 1.9 094 -029 0.39 1.3 -0.40  3.14 1.06  118.7
C41-H43---Cl66  0.90 32 087 -0.62 0.70 1.1 -1.27 284 096 1158

The bond energy (E) is also an important parameter to characterize the non-covalent

bond strength. Here, we adopted the current more reliable and universal calculation for

predict the HB and ChB binding energy based on electron density at corrsponding

BCPS:

E ~-223.08 X p(rpcp) + 0.7423
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