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1. Experimental information

All reagents and solvents were purchased and used without further purification.
Thermogravimetric analysis (TGA) was carried out in a nitrogen stream using Q50 TGA (TA)
thermal analysis equipment with a heating rate of 10 °C min~%. 'H NMR spectra were recorded
on Bruker Biospin Avance (400 MHz) equipment. Powder X-ray diffraction (PXRD) patterns of
bulk samples were measured on a Bruker D8 Advance diffractometer (Cu Ka) under room
temperature. The solid-state UV-vis spectra were measured as KCl disks with a Bio-Logic MOS-
450/AF-CD Spectrometer. Infrared spectra were obtained as KBr disks on a Nicolet Avatar 360
FT-IR spectrometer in the range of 4000-400 cm™ (abbreviations for the IR bands: w = weak,
m = medium, b = broad, and vs = very strong). Elemental analyses were carried out with an
Elementar vario EL Cube equipment. The steady-state photoluminescence spectra (PL) and the
lifetime (Decay) measurements for all samples were recorded on a PTI QM/TM
spectrofluorometer (Birmingham, NJ, USA). Corrections of excitation and emission for the
detector response were performed ranging from 200-900 nm. Absolute quantum yield was
recorded by Hamamatsu C11347-01 absolute PL quantum vyield spectrometer under room
temperature.

1.1. Synthesis of ligand
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Figure S1. Synthesis of the ligand Hal.

2,5-Bis(bromomethyl)thiophene was prepared according to the reported method! with
slight modification. A mixture of 2,5-dimethylthiophene (52.2 mmol, 6.0 mL) and N-
Bromosuccinimide (NBS, 113 mmol, 20.0 g) in CCl, (170 mL) was induced with recrystallized
azobisisobutyronitrile CAIBN, 500 mg) and refluxed under N, atmosphere for 17 hours. The
resulting mixture was filtered and the solution evaporated to dryness by rotary evaporators.
The solid residue was recrystallized from hexane. The recrystallized 2,5-
Bis(bromomethyl)thiophene was separated by vacuum filter, yield 60%. 'H NMR (400 MHz,
CDCls, 298 K), 6 (ppm) 4.66 (s, 4H, CH3), 6.93 (s, 2H, CHihio).

Potassium carbonate (11.4 g, 80 mmol), 18-cromw-6 (1.3 g, 5 mmol) were added into a
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flask with acetone (100 mL), then stirred for 15 minutes at room temperature under the
protection of N, atmosphere, and then 3,5-heptanedione (8.15 mL,60 mmol) was added and
continuously stirred. After 30 minutes, the 2,5-bis-(bromomethyl)-thiophene (5.0 g, 18.29
mmol) was added in 15 minutes after it was filtered. The reaction mixture was stirred and
heated at 85 °C for 20 h. The oil residue was obtained when the organic solvent was
removed under reduced pressure, washed with water, then extracted with CH,Cl,, dried
with Na;SOs. The reddish-brown oil was collected, and purified by column
chromatography (eluent: petroleum ether/ether acetate = 8/1, v/v), and light-yellow oil
was obtained.

Then hydrazine hydrate (10 ml, 98 %) was added to the ethanol solution (100 ml) of
the light-yellow oil, the solution was stirred and refluxed at 80 °C for 12 h. 4,4’- thiophene-
bisethylene)-bis-diethylpyrazole (H,L) was obtained as precipitate in 1.8 g after removal of
all solvent. (yield 27%, based on 2,5-bis(bromomethyl)thiophene). 'H-NMR (400 MHz,
CDCls, 298 K): & (ppm) 6.47 (s, 2H, CHinio), 3.81 (s, 4H, CH,), 2.56 (q, 8H, J = 8 Hz, CH,), 1.17 (t,
12H, J = 8 Hz, CHs). IR spectrum (KBr pellets, cm™): 3517.56 (w), 3414.78 (w), 3328.56 (w),
3197.13 (w), 3129.38 (w), 3074.86 (w), 2920.63 (b), 1721.42 (w), 1633.37 (m), 1580.38 (m),
1458.12 (s), 1375.10 (m), 1289.39 (b), 1235.09 (w), 1123.94 (w), 1071.99 (w), 1041.70 (s),
959.49 (m), 906.28 (w), 798.50 (s), 488.82 (w). Elemental analysis (CHN), C20H2sN4Ss, calculated
(%): C57.11, H6.71, N 13.32; found (%): C 57.19, H 6.58, N 13.50.
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Figure S2. 'H NMR (400 MHz, CDCI3, 298 K) spectra of HaL

1.2 Synthesis of inclusion complexes

Caution! The volume of solution should not exceed half of the volume of Pyrex tube to avoid
overloading in solvothermal synthesis.

The single crystals of inclusion complexes were obtained in a straightforward way by
reacting stoichiometric amounts of Cu(l), H.L and the corresponding aromatics via solvent
thermal reaction, which similar to the methods reported by us before.
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General method: A mixture of Cu,0 (10 mg, 0.07 mmol), HzL (25.0 mg, 0.073 mmol), and
mixed solvent benzene (Ph)/acetonitrile (2 mL, 1:1, v/v) was sealed in a Pyrex glass tube and
heated in an oven at 140 °C for 72 hours and was cooled to room temperature with a cooling
rate of 5 °C per hour. Colorless block crystals of inclusion complexes 123Ph were filtered off
and dried in a vacuum oven at 80 °C for 12 hours. (6.2 mg, yield 15.9 %, based on Cu). IR
spectrum (KBr pellets, cm™?): 3435.65 (m), 3052.01 (w), 2963.88 (vs), 2923.99 (m), 2868.23
(m), 1637.16 (w), 1537.95 (s), 1505.25 (s), 1436.30 (s), 1368.23 (s), 1303.19 (m), 1246.58 (w),
1206.11 (s), 1151.79 (w), 1055.31 (vs), 1028.03 (m), 974.73 (w), 918.80 (w), 792.17 (s), 670.98
(vs), 513.86 (w). 'H NMR (400 MHz, CD,Cl,, 298 K): & (ppm) 7.28 (s, 6H, Ph-H), 6.64 (s, 6H,
CHuio), 3.79 (s, 12H, CH,), 2.57 (g, 24H, CHy), 1.11 (t, 36H, CHs). Elemental analysis (CHN),
CeeHsaN12CUeSs, calculated (%): C 52.05, H 5.56, N 11.04; found (%): C 51.83, H5.12, N 10.95.

Other inclusion complexes could be synthesized using same approach using different
aromatic guest molecules.

Synthesis of 1DDCM. For comparison, the inclusion complex with non-aromatic guest,
dichloromethane (DCM), was also prepared by solvent exchange reaction. The saturated
solution (20 mL) of complex of 15Py in CH,Cl, was mixed with methanol (10 mL). Then, the
mixed solution was carried in a nitrogen stream for 30 min. The mixture (2 mL) was injected
to the Pyrex glass tube and evaporated under darkness condition, obtaining colourless crystals
20 days later. IR spectrum (KBr pellets, cm™): 3429.81 (w), 3118.41 (b), 1662.35 (m), 1614.14
(m), 1453.11 (w), 1400.27 (vs), 1203.39 (w), 1148.06 (m), 1083.84 (m), 1055.26 (w), 790.26(w),
588.93 (w), 550.38 (w). *H NMR (400 MHz, CD,Cl,, 298 K): & (ppm) 6.73 (s, 6H, CHunio), 3.88 (s,
12H, CHy), 2.58 (g, 24H, CH>), 1.14 (t, 36H, CHs). Elemental analysis (CHN), CesHgsN12CugSs,
calculated (%): C 52.66, H 5.72, N 10.84; found (%): C 52.47, H5.93, N 10.79.

Synthesis of 1DPh-Me. The synthesis procedures were as same as the general method, the
toluene (Ph) as aromatic guest was used instead of benzene. 1DPh-Me were obtained as light-
brown block crystals (8.2 mg, yield 21.3 %, based on Cu). IR spectrum (KBr pellets, cm™):
3139.14 (b), 3078 (w), 1664.23 (m), 1616.50 (m), 1536.64 (w), 1503.79 (w), 1400.27 (s),
1303.67 (w), 1246.25 (w), 1205.36 (m), 1148.99 (w), 1083.61 (w), 1054.96 (s), 1027.69 (w),
975.40 (w), 917.68 (w), 790.80 (m), 724.69 (m), 688.31 (w), 512.12 (w). *H NMR (400 MHz,
CD,Cl,, 298 K): 6 (ppm) 7.18 (s, 4 H, Ph-H), 6.69 (s, 6H, CHio), 3.84 (s, 12H, CH,), 2.54 (t, 24H,
CH;), 2.34 (s, 3H, Ph-Me), 1.10 (t, 36H, CHs). Elemental analysis (CHN), Cs7HssN12CugSs,
calculated (%): C 52.36, H 5.64, N 10.94; found (%): C 52.13, H 5.84, N 10.78.

Synthesis of 1DPy. The synthesis procedures were as same as the general method, the
pyridine (Py) as aromatic guest was used instead of benzene. 1DPy were obtained as colorless
block crystals (7.7 mg, yield 23.1 %, based on Cu). IR spectrum (KBr pellets, cm™): 3435.68 (b),
3057.75(w), 2964.27 (vs), 2925.47 (s), 2869.19 (w), 1574.14 (s), 1538.85 (m), 1505.71 (s),
1435.17 (s), 1368.86 (m), 1303.69 (w), 1246.60 (w), 1205.56 (m), 1151.28 (w), 1055.77 (s),
1027.51 (m), 972.97 (w), 917.91 (w), 860.58 (w), 792.87 (s), 750.78 (w), 723.66 (w), 709.77
(w), 694.87 (s), 669.16 (w), 587.80 (w). *H NMR (400 MHz, CD,Cl,, 298 K): & (ppm) 7.63 (s, 2H,
Py-H), 7.24 (s, 2H, Py-H), 6.62 (s, 6H, CHunio), 3.78 (s, 12H, CH,), 2.50 (br, 24H, CH,), 1.18 (br,
36H, CHs). Elemental analysis (CHN), CesHssN13CueSs, calculated (%): C 51.23, H 5.49, N 11.95;
found (%): C51.42, H5.54, N 11.67.

Synthesis of 1DPh-NO,. The synthesis procedures were as same as the general method, the
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nitrobenzene(Ph-NO,) as aromatic guest was used instead of benzene. 15Ph-NO, were
obtained as light-brown block crystals (15.8 mg, yield 39.6 %, based on Cu). IR spectrum (KBr
pellets, cm™): 3435.34 (b), 3059.49 (w), 2961.99 (vs), 2925.16 (s), 2867.89 (s), 1618.51 (w),
1603.01 (w), 1523.51 (s), 1505.53 (s), 1435.81 (s), 1344.60 (m), 1314.38 (m), 1302.25 (w),
1245.51 (m), 1204.72 (m), 1147.56 (w), 1055.56 (s), 1023.82 (m), 791.51 (s), 766.56 (m),
700.29 (s). 'H NMR (400 MHz, CD,Cl,, 298 K): & (ppm) 8.20 (d, 2H, Ph-H), 7.70 (t, 1H, Ph-H),
7.55 (t, 2 H, Ph-H), 6.68 (s, 6H, CHtnio), 3.83 (s, 12H, CHa), 2.53 (g, 24H, CH,), 1.08 (t, 36H, CH3).
Elemental analysis (CHN), CesH77N140,Cu¢Ss, calculated (%): C 51.05, H 4.85, N 12.26; found
(%): C50.87, H4.69, N 12.51.

Synthesis of 1D0X. The synthesis procedures were as same as the general method, the o-
xylene(OX) as aromatic guest was used instead of benzene. 1DPh-NO; were obtained as light-
brown block crystals (14.3 mg, yield 37.8 %, based on Cu). IR spectrum (KBr pellets, cm™):
3430.25 (b), 3054.86 (w), 2963.30 (vs), 2926.88 (s), 2869.72 (m), 1636.86 (w), 1537.37 (m),
1505.42 (s), 1436.05 (s), 1366.07 (s), 1316.64 (m), 1302.68 (m), 1245.43 (w), 1204.09 (m),
1148.83 (w), 1055.10 (s), 1023.80 (m), 975.04 (w), 915.75 (w), 791.69 (m), 767.44 (w), 742.59
(s), 656.09 (w), 575.82 (w), 514.25 (w). *H NMR (400 MHz, CD,Cl,, 298 K): & (ppm) 7.09 (s, 4H,
Ph-H), 6.69 (s, 6H, CHthio), 3.84 (s, 12 H, CH3), 2.55 (t, 24H, CH,), 2.25 (s, 6H, -CH3), 1.10 (t, 36H,
CHs). Elemental analysis (CHN), CssHssN12CueSs, calculated (%): C52.66, H5.72, N 10.84; found
(%): C52.86, H5.63, N 10.89.

Synthesis of 1DMX. The synthesis procedures were as same as the general method, the m-
xylene(MX) as aromatic guest was used instead of benzene. 1DPh-NO, were obtained as light-
brown block crystals (13.7 mg, yield 35.4 %, based on Cu). IR spectrum (KBr pellets, cm™):
3429.81 (w), 3118.41 (b), 1662.35 (m), 1614.14 (m), 1453.11 (w), 1400.27 (vs), 1203.39 (w),
1148.06 (m), 1083.84 (m), 1055.26 (w), 790.26 (w), 588.93 (w), 550.38 (w). *H NMR (400 MHz,
CD,Cly, 298 K): & (ppm) 7.65 (s, 1 H, Ph-H ), 7.42 (s, 2H, Ph-H), 7.13 (s, 1H, Ph-H), 6.70 (s, 6H,
CHihio), 3.85 (s, 12H, CHa), 2.54 (s, 24H, CH.), 1.97 (s, 6H, -CHs), 1.11 (s, 36H, CHs). Elemental
analysis (CHN), CesHssN1,CugSs, calculated (%): C 52.66, H 5.72, N 10.84; found (%): C 52.47, H
5.93, N 10.79.

Synthesis of 1DPX. The synthesis procedures were as same as the general method, the m-
xylene(MX) as aromatic guest was used instead of benzene. 1OPh-NO; were obtained as light-
brown block crystals (7.2 mg, yield 18.6 %, based on Cu). IR spectrum (KBr pellets, cm™):
3420.56 (b), 3330.25 (w), 3054.86 (w), 2963.30 (vs), 2943.18 (w), 2921.38 (s), 2867.78 (m),
1636.86 (w), 1537.37 (w), 1505.42 (s), 1436.05 (s), 1366.07 (s),1316.64 (m), 1302.68 (m),
1245.43 (w), 1204.09 (m), 1148.83 (w), 1055.10 (s), 1025.50(m), 975.04 (w), 915.75 (w),
791.69 (m), 767.44 (w), 742.59 (s), 656.09 (w), 575.82 (w), 556.23 (w), 532.45 (w). *H NMR
(400 MHz, CD,Cl,, 298 K): 6 (ppm) 7.05 (s, 4 H, Ph-H), 6.69 (s, 6H, CHinio), 3.84 (s, 12H, CH,),
2.55 (t, 24H, CH,), 2.28 (s, 6H, -CHs3), 1.10 (t, 36H, CHs). Elemental analysis (CHN),
CesHssN12CueSs, calculated (%): C 52.66, H 5.72, N 10.84; found (%): C 52.79, H 5.64, N 10.68.
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2. Crystal data

2.1. Crystal structure determination

Suitable crystal of the inclusion complexes was mounted with glue at the end of a glass
fiber. Data collection was performed with an Oxford Diffraction Gemini E instrument (Cu X-ray
source, Ka, A = 1.54056 A; Mo X-ray source, Ka, A = 0.71073 A) equipped with a graphite
monochromator and ATLAS CCD detector (CrysAlis CCD, Oxford Diffraction Ltd.) and a XtalLab
PRO MMOO7HF DW Diffractometer System equipped with a MicroMax-007DW MicroFocus X-
ray generator and Pilatus200K silicon diarray detector (Rigaku, Japan). The structure was
solved by direct methods (SHELXL-2014 and Olex2) and refined by full-matrix least-squares
refinements based on F?. Anisotropic thermal parameters were applied to all non-hydrogen
atoms. The hydrogen atoms were generated geometrically. The treatment for the disordered
guest molecules in the cavities of all complexes involved the use of the SQUEEZE program of
PLATON. Crystal data and structure refinement are summarized in Table S1-S4. CCDC Nos.
1963722, and 1963726-1963732.
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Table S1. Crystal data and structure refinements for inclusion complexes.

Parameter 1DDCM 1DoPy 15Ph 1>Ph-Me
Formula CeoH78N12Cu6S3 CesHsgaN13CuesS3 CesHsaN12CueSs3 Cs7HssN12Cu6S3
F.W. 1529.76 1523.86 1522.87 1536.90
Crystal system monoclinic monoclinic monoclinic monoclinic
Space group P21/c P21/c P21/c P2i/c
Temperature (K) 100(2) 298(2) 298(2) 298(2)
a (A) 28.6943(2) 19.5415(9) 19.5811(9) 19.6504(6)
b (A) 24.1131(2) 24.1626(11) 24.1470(10) 24.2067(7)
c (A) 19.8986(2) 15.6523(8) 15.6493(11) 15.6844(5)
a(?) 90 90 90 90
8 (°) 107.5100(10) 110.968(5) 110.884(7) 110.567(4)
v () 90 90 90 90
v (/:\3) 13130.1(2) 6901.2(6) 6913.3(6) 6985.1(4)
V4 2 4 4 4
D (g-cm-3) 2.856 1.467 1.463 1.461
u (mm?) 15.257 3.239 3.228 3.200
Reflns collected 127232 29961 24417 48884
Unique reflns 27417 14333 14192 14746
R.. 0.07 0.0369 0.0571 0.0579
GOFonF 1.025 1.008 1.014 2.905
R1[|220(|)]a 0.0855 0.1392 0.1547 0.2052
WR2[|220(|)]b 0.2289 0.3776 0.3889 0.5118
R [all data] 0.0932 0.1670 0.1860 0.2287
wR_[all data] 0.2340 0.4024 0.4165 0.5326
CCDC number 1963732 1963722 1963726 1963727

“Ru=3([|Fol- 1Rl /Z1Fol; ® wRa = [Zw(Fo™- P/ sw(Fo?)]
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Table S2. Crystal data and structure refinements for Complexes.

Parameter 1D5Ph-NO> 1oMX 150X 15PX
Formula CesH77N1402Cu6S3  CroHssN13CueS3  CesHsoN13CusSs  CesHssN12CusS3
F.W. 1599.8 1586.94 1560.75 1550.92
Crystal system triclinic triclinic triclinic monoclinic
Space group P-1 P-1 P-1 P21/c
Temperature (K) 298(2) 298(2) 298(2) 298(2)
a (A) 10.3507(3) 10.3000(10) 10.4866(3) 14.5207(2)
b (A) 14.9589 (5) 14.9840(3) 14.9130(5) 23.6798(5)
c (A) 24.1232(8) 23.8025(4) 23.7782(9) 20.9116(4)
a(?) 84.466(3) 83.2120(10) 84.4830(10) 90
8 (°) 80.595(3) 80.006(2) 86.955(3) 102.454(2)
v (°) 77.955(3) 77.041(2) 78.425(3) 90
v (/,,_\3) 3596.3(2) 3506(341) 3623.9(2) 7021.2(2)
V4 2 1 2 4
D (g-cm'a) 1.477 1.503 1.455 1.467
u (mm?) 3.166 1.927 1.865 3.189
Reflns collected 26198 38520 24037 52682
Unique reflns 14887 13638 13427 14813
R, 0.0263 0.0510 0.0280 0.0323
GOOF on |:2 0.993 1.026 1.111 1.025
R1[|220(|)]a 0.0620 0.0692 0.0682 0.0520
WR2[|220(|)]b 0.1964 0.1927 0.1934 0.1481
R [all data] 0.0797 0.0808 0.0836 0.0743
wR_[all data] 0.2237 0.2027 0.2151 0.1692
CCDC number 1963730 1963731 1963729 1963728
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Table S3. Selected bond lengths (A) and bond angles (°) of complexes.

1DPy
Cu(1)-N(1) 1.843(8) Cu(1)-N(9) 1.862(9)
Cu(1)-Cu(2)#1 2.969(2) Cu(2)-N(5) 1.851(9)
Cu(2)-N(2) 1.863(7) Cu(2)-Cu(1)#1 2.969(2)
Cu(3)-N(10) 1.840(9) Cu(3)-N(6) 1.848(10)
Cu(4)-N(12) 1.864(12) Cu(4)-N(3) 1.866(11)
Cu(5)-N(7) 1.827(18) Cu(5)-N(4) 1.854(15)
Cu(6)-N(8) 1.771(18) Cu(6)-N(11) 1.871(12)
1DPh
Cu(1)-N(1) 1.855(9) Cu(1)-N(9) 1.860(10)
Cu(1)-Cu(2)#1 2.970(3) Cu(2)-N(5) 1.859(10)
Cu(2)-N(2) 1.863(8) Cu(2)-Cu(1)#1 2.970(3)
Cu(3)-N(10) 1.843(10) Cu(3)-N(6) 1.857(11)
Cu(4)-N(3) 1.854(12) Cu(4)-N(12) 1.871(13)
Cu(5)-N(7) 1.823(17) Cu(5)-N(4) 1.846(16)
Cu(6)-N(8) 1.74(2) Cu(6)-N(11) 1.870(13)
N(1)-Cu(1)-N(9) 172.6(4) N(1)-Cu(1)-Cu(2)#1 95.6(3)
N(5)-Cu(2)-N(2) 173.5(5) N(9)-Cu(1)-Cu(2)#1 91.6(3)
N(10)-Cu(3)-N(6) 173.5(5) N(5)-Cu(2)-Cu(1)#1 94.6(4)
N(3)-Cu(4)-N(12) 174.2(7) N(2)-Cu(2)-Cu(1)#1 91.8(3)
N(7)-Cu(5)-N(4) 174.5(6) N(8)-Cu(6)-N(11) 173.9(6)
N(2)-N(1)-Cu(1) 120.0(6) C(3)-N(1)-Cu(1) 129.8(7)
N(1)-N(2)-Cu(2) 120.3(6) C(5)-N(2)-Cu(2) 130.7(8)
15Ph-Me
Cu(1)-N(1) 1.798(7) Cu(1)-N(10) 1.819(10)
Cu(2)-N(5) 1.737(11) Cu(2)-N(2) 1.851(9)
Cu(3)-N(6) 1.719(11) Cu(3)-N(9) 1.824(10)
Cu(4)-N(3) 1.807(5) Cu(4)-N(12) 1.852(7)
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Cu(4)-Cu(5)#1 2.982(3) Cu(5)-N(7) 1.811(6)
Cu(5)-N(4) 1.816(5) Cu(5)-Cu(4)#1 2.982(3)
Cu(6)-N(8) 1.823(7) Cu(6)-N(11) 1.847(8)
N(1)-Cu(1)-N(10) 170.5(6) N(5)-Cu(2)-N(2) 174.9(5)
N(6)-Cu(3)-N(9) 175.2(5) N(3)-Cu(4)-N(12) 173.9(4)
N(7)-Cu(5)-N(4) 174.6(4) N(3)-Cu(4)-Cu(5)#1 93.6(2)
N(8)-Cu(6)-N(11) 172.2(4) N(12)-Cu(4)-Cu(5)#1 92.2(3)
N(2)-N(1)-Cu(1) 115.3(8) N(7)-Cu(5)-Cu(4)#1 95.8(3)
C(3)-N(1)-Cu(1) 136.6(8) N(4)-Cu(5)-Cu(4)#1 89.6(3)
N(1)-N(2)-Cu(2) 119.8(7) C(5)-N(2)-Cu(2) 132.0(7)
Symmetry Code: #1 -x+1,-y+1,-z+1
1DPX

Cu(1)-N(10) 1.862(3) Cu(1)-N(1) 1.863(3)

Cu(2)-N(2) 1.860(3) Cu(2)-N(5) 1.865(3)

Cu(3)-N(9) 1.858(3) Cu(3)-N(6) 1.861(3)

Cu(4)-N(12) 1.861(4) Cu(4)-N(3) 1.862(4)

Cu(5)-N(4) 1.854(3) Cu(5)-N(7) 1.855(3)

Cu(6)-N(11) 1.855(4) Cu(6)-N(8) 1.861(4)

N(10)-Cu(1)-N(1) 172.27(15) N(2)-Cu(2)-N(5) 177.21(15)

N(9)-Cu(3)-N(6) 178.57(15) N(12)-Cu(4)-N(3) 175.61(16)

N(4)-Cu(5)-N(7) 176.83(18) N(11)-Cu(6)-N(8) 175.69(16)

C(3)-N(1)-Cu(1) 131.9(3) N(2)-N(1)-Cu(1) 118.5(2)

C(5)-N(2)-Cu(2) 133.0(3) N(1)-N(2)-Cu(2) 118.9(2)

N(4)-N(3)-Cu(4) 117.4(3) N(3)-N(4)-Cu(5) 119.5(3)

N(5)-N(6)-Cu(3) 117.6(2) N(8)-N(7)-Cu(5) 119.8(3)

120X
Cu(1)-N(11) 1.861(11) Cu(1)-N(10) 1.863(5)
Cu(2)-N(2) 1.860(3) Cu(2)-N(3) 1.859(4)
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Cu(3)-N(4) 1.862(10) Cu(3)-N(5) 1.867(6)
Cu(4)-N(12) 1.847(5) Cu(4)-N(7) 1.854(4)
Cu(5)-N(9) 1.857(4) Cu(5)-N(8) 1.865(7)
Cu(5)-Cu(6)#1 3.0(2) Cu(6)-N(6) 1.858(4)
Cu(6)-N(1) 1.868(6) Cu(6)-Cu(5)#2 3.0(2)
N(11)-Cu(1)-N(10) 174.2(5) N(2)-Cu(2)-N(3) 177.0(2)
N(4)-Cu(3)-N(5) 175.3(4) N(12)-Cu(4)-N(7) 177.46(17)
N(9)-Cu(5)-N(8) 171.3(8) N(9)-Cu(5)-Cu(6)#1 85.2(3)
N(6)-Cu(6)-N(1) 172.9(7) N(8)-Cu(5)-Cu(6)#1 103.2(10)
N(2)-N(1)-Cu(6) 118.5(4) N(6)-Cu(6)-Cu(5)#2 112(2)
C(5)-N(2)-Cu(2) 131.4(8) N(1)-Cu(6)-Cu(5)#2 75(3)
15Ph-NO;
Cu(1)-N(5) 1.862(4) Cu(2)-N(6) 1.856(4)
Cu(2)-N(9) 1.857(3) Cu(3)-N(2) 1.854(4)
Cu(3)-N(10) 1.856(4) Cu(4)-N(3) 1.844(4)
Cu(4)-N(7) 1.847(4) Cu(5)-N(11) 1.852(4)
Cu(5)-N(8) 1.858(4) Cu(6)-N(12) 1.857(4)
Cu(6)-N(4) 1.866(4) Cu(1)-N(1) 1.865(4)
N(5)-Cu(1)-N(1) 171.18(17) N(6)-Cu(2)-N(9) 175.1(2)
N(2)-Cu(3)-N(10) 176.42(19) N(3)-Cu(4)-N(7) 177.13(18)
N(11)-Cu(5)-N(8) 173.90(18) N(12)-Cu(6)-N(4) 172.59(17)
C(12)-S(1)-C(9) 94.1(2) C(29)-5(2)-C(32) 92.7(3)
C(52)-5(3)-C(49) 93.1(2) C(5)-N(1)-Cu(1) 132.3(3)
N(2)-N(1)-Cu(1) 118.8(3) N(4)-N(3)-Cu(4) 120.3(3)
1DMX
Cu(1)-N(2) 1.864(5) Cu(1)-N(3) 1.871(6)
Cu(2)-N(5) 1.851(5) Cu(2)-N(4) 1.854(4)
Cu(3)-N(6) 1.867(14) Cu(3)-N(1) 1.869(7)
Cu(4)-N(9) 1.856(5) Cu(4)-N(8) 1.855(4)
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Cu(5)-N(11)
Cu(6)-N(7)
N(2)-Cu(1)-N(3)
N(6)-Cu(3)-N(1)
N(11)-Cu(5)-N(10)
C(3)-N(1)-Cu(3)

N(6)-N(5)-Cu(2)

1.859(4)
1.866(15)
173.4(6)
175.0(4)
172.6(7)
130.4(5)

119.1(6)

Cu(5)-N(10)
Cu(6)-N(12)
N(5)-Cu(2)-N(4)
N(9)-Cu(4)-N(8)
N(7)-Cu(6)-N(12)
N(2)-N(1)-Cu(3)

N(5)-N(6)-Cu(3)

1.871(7)
1.872(14)
177.54(18)
175.9(4)
177.4(2)
120.8(4)

118.0(4)
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Table S4. The selected structure parameter of the crystal

Intratrimer Intertrimer® . Cusz---Cs Intermolecular Guest Host Volume
Complexes? . . Cusz--Cus (A) . . o o
Cu---Cu (A) Cu---Cu (A) (arene) (A) Cu--Cu (A) Volume (A3) (A3)
15DCM 3.163-3.248 6.734-7.098 6.923 - 2.796-3.051 43.7 218.18
1OPy 3.153-3.200 6.889-6.962 6.933 3.462/3.470 2.96 79.40 240.85
1D5Ph 3.145-3.201 6.901-6.964 6.936 3.473/3.466 2.97 84.46 243.32
15Ph-Me 3.108-3.185 6.964-7.012 6.988 43.98/3.98 2.982/3.454 102.55 267.01
15Ph-NO; 3.171-3.206 6.794-6.867 6.835 3.415/3.442 3.139 108.03 266.49
150X 3.162-3.206 6.904-7.022 6.953 3.623/3.548 3.042 119.87 262.30
1OMX 3.098-3.245 6.726-3.866 6.791 3.555/3.416 3.183 120.52 261.44
1OPX 3.154-3.241 6.456-7.074 6.811 3.502/3.501 3.793/3.925 120.65 256.50

a: The X-ray data of all complexes were determined at 298 K; b: The Cu-:-Cu distance between two cyclic

trinuclear units in each cage.
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2.2. lllustration of the single complex molecule

Figure S3. X-ray crystal structure of inclusion complexes (only the cage host unit in each
complex is shown). Cu and N atoms are represented by orange, and blue spheres,
respectively, whereas the frames are depicted as sticks (C black, S yellow), and the
guests are depicted as space-filling (C gray, N blue, | pink, O red, Br brown, Cl green).

2.3. Crystal images of the crystal sample

N T T

15Ph  1D5Ph-Me 15Ph-NO, 15Py

L | I

150X 1oMX 1DPX 15DCM

Figure S4. Images of the inclusion crystal amplified 40 times by microscope under
natural light (left) and the excitation of 365 nm (right).
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3. Additional Characterization Section
3.1. the ratio of host and guest and the 'H NMR spectra of complexes

Table S5. the ratio of host and guest was detected by *H NMR.

Complex | Host : Guest
1>oPh 1:1

1DPh-Me 1:1
100X 1:1
1OMX 1:1
15PX 1:1

15Ph-NO, 1:1
1oPy 1:1
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Figure S5. 'H NMR (400 MHz, CD2Cl,, 298 K) spectra of 12Ph (top) and guest Ph

(bottom)
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Figure S6. 'H NMR (400 MHz, CD,Cl,, 298 K) spectra of 15Ph-Me (top) and guest Ph-Me

(bottom)
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Figure S7. 'H NMR (400 MHz, CD,Cl,, 298 K) spectra of 120X (top) and guest OX

(bottom)
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Figure S8. 'H NMR (400 MHz, CD,Cl,, 298 K) spectra of 1DMX (top) and guest MX
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Figure $12. 'H NMR (400 MHz, CD,Cl, 298 K) spectra of 1.5DCM

3.2. TGA analysis

100+ —— 1Py
— 15Ph
90- — 15Ph-NO:
— 15Ph-Me
15MX
80 1-DCM
— 1oPX
£ 70- — 120X
e
=
2 60
3 60-
=
50
40-
30

100 200 300 400 500 600 700 800

Temperature (°C)
Figure S13. The TGA analysis spectra of inclusion complexes. All complexes
decomposed at 390 °C. Then the TGA curves also demonstrate the temperature of
escaping with the guests are ranging from 200 to 280°C far higher than the boiling
point of guest molecules, indicating the guests are strongly holed within the cavity of

Cuels cage.
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3.3. IR spectra of inclusion complexes

All inclusion complexes were also characterized by IR spectra, showing a strong
absorption peaks at around 3100 cm™ (Figure S14), attributed to the thienyl group (C-
Hs). In addition, there exists a strong absorption peak at around 1400 and 1500 cm™
corresponding to the N=N bonds stretching in the ligands. New absorption peaks
appeared at 1000 cm™ and 500-700 cm™ are assigned to the vibration of the guests
(vex or C-Hs). Importantly, the vanishing of N-H bond stretching indicting the
deprotonation during the formation of coordination bond between Cu(l) ions and N

atom.
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N ey
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100X
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1-5MX
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Figure S14. IR spectra of all inclusion complexes.
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3.4. Powder X-ray diffraction of inclusion complexes
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- A nne simulated 1>DCM
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Figure S15. The comparison of as-synthesized and simulated powder X-ray diffraction spectra

of inclusion complexes.
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4. Photoluminescence Measurement Section

4.1. Solid-state UV-vis spectra of the complexes

a)
: —H,L

_ 15Ph
3 —— 1>Ph-Me
A 1-0X
g —15MX
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<
c
k=]
g
g
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b)
—H,L

5 ——15Ph-NO,
@ 1-DCM
E —1oPy
[]
<
[
°
g
§ K
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Figure S16. Normalized solid-state UV-vis spectra of (a) HzL, 1DPh, 1O5Ph-Me, 120X, 1DMX,
and 12PX; (b) H.L, 1OPy, 1ODPh-NO,, and 1DDCM. The sample were measured under the
same concentration.
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4.2. Solution-state UV-vis spectra of inclusion complexes

—H,L
—1->DCM
1-oPh
—1-oPh-Me
150X
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Figure S17. Normalized solution (DCM) UV-vis spectra of inclusion complexes. The sample
were measured under the same concentration.
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4.3. The emission spectra of inclusion complexes
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Figure S18. Excitation-energy-varied (a) and temperature-varied (b) emission spectra of
1DPy (Ex=330 nm).
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Figure $19. Temperature-varied emission spectra of 1DPh (Ex=310 nm).
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Figure S20. Temperature-varied emission spectra of 1OPh-Me, (b) (Ex=310 nm).
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Figure S21. Temperature-varied emission spectrum of 1DPX (Ex=320 nm).
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Figure S22. Temperature-varied emission spectra of 120X (Ex=303 nm)
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Figure S23. Temperature-varied emission spectra of 1DPX (Ex=313 nm).
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Figure S24. Temperature-varied emission spectra of 1DDCM (Ex=310 nm)

S25



a)

.\'azL b)

NaL

2.00x10° —— 15DCM

1.75x10°

(o
™

1.50x10°

: 1.25x10°

(a.u.)
o
o

ity

1.00x10°

Intens
boad
o
(=]
X
o
o
S

Intensity ( (Normalized)

5.00x10° 0.2

2.50x10°

0.00

460 560 e(l)o 7(')0 séo 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
Figure S25. Emission spectra of a) Na,L (black line) and HaL (red line) and b) Na,L (black line)
and 1ODDCM (red line). (The deprotonated ligand, Na,L can be obtained by deprotonation of

ligand H.L with NaH in the THF solution.)

4.5. Lifetime data of complexes
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Figure S26. Lifetime data of inclusion complexes at different temperatures. t is the average
lifetime
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Computational details

All calculations were performed with Gaussian 09 suit of program? employing density
functional theory (DFT). The hybrid functional PBEO® and double zeta basis set (LanL2DZ* for
Cu atom and 6-31G(d)® for other atoms) was applied here. The geometry of cage host 1 was
fully optimized in DCM with PCM solvent model and the crystal structures of inclusion
complexes were utilized here. The singlet point energy calculations were done to obtain the
electrostatic potential. The maps of electrostatic potential (ESP) surface were obtained from
the NBO charge with the isovalue of 0.01 a.u.

-0.035 eV e Immmmmmm  0.030 eV
Top Bottom Top Bottom
- o \& &

£
£

1oPy 120X
15Ph 15MX
15Ph-Me 15PX

Figure S27. Mapped electrostatic potentials (ESP) of inclusion complexes on the surface with
the isovalue of 0.01 a.u.
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Table S6. Summary of photophysical parameters for cages in the solid state at 298 and 77 K.

Ph Ph-Me (0).4 MX
Aex (nm) 314 310 305 313
Aem (nm) 693 681 654 668
1.32 +0.19 (0.40 %) 5.35 +0.08 (3.79 %) 4.06 +0.26 (3.05 %)
27.81+0.09(99.60%)  21.70%0.13(96.21%)  20.33 +0.17 (96.95 %)
T (us) 25.61
298 K
7 1.953 1.572 1.118 0.598
6.69 £0.75 (2.34 %) 0.17 £0.13 (0.32 %) 3.06 £0.16 (2.80 %) 3.02£0.11 (3.01 %)
27.80+0.14(97.66 %)  31.06 +0.02(99.68%)  24.03+0.10(97.20%)  20.36 + 0.10 (96.99 %)
T (us)
77K
7 1.399 1.753 1.265 1.056

Table S7. Selected photophysical parameters for Py and PX in the solid state at 298 and 77 K.

Py PX
Aex (nm) 313 300 300 320 320
Aem (nm) 673 640 642 642 678
3.59%0.17 (2.87 %) 5.55 % 0.15 (8.97 %) 4,94 +£0.19 (5.42 %) 2.55%0.14 (5.43 %)
298 K Tl 20.68+£0.11(97.13%)  19.18+0.23 (91.03%) | 22.08 +0.13 (94.58 %) 22:56 19.43 £ 0.10 (94.57 %)
7 1.218 1.277 1.396 1.868 1.169
5.15+0.12 (4.66 %)  8.46+0.24(11.90%) | 4.54+0.37 (6.94 %) 1.98£0.27 (2.52%)  0.94+0.03 (21.80 %)
77K k) 21.56 £0.10(95.34 %)  22.58 +0.32 (88.10 %) | 23.91+0.13(93.06 %) 24.40+0.11(97.48%) 17.07 +0.16 (78.20 %)
7 1.474 1.466 1.689 1.902 0.953
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