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Experimental Procedures

1. Materials and Methods

All chemicals were purchased from commercial suppliers and used without further purification unless otherwise
specified. Toluene were freshly distilled over sodium prior to use. 'H NMR and 3C NMR spectra were recorded in
deuterated solvents on Bruker ADVANCE 400 NMR Spectrometer. 'H NMR spectra were referenced to the signals of
CDCl; (8 = 7.26 ppm) or C,D,Cl, (§ = 6.00 ppm). 3C NMR spectra were referenced to the signals of CDCl; (& = 77.20
ppm). High resolution mass spectra (HRMS) were determined on IonSpec 9.4 Tesla Fourier Transform Mass

Spectrometer.

2. Synthesis and Characterization of Compounds

Synthesis of m-terphenyl borate 2

To a 100 ml two-neck round bottomed flask was added m-terphenyl bromide "(1 g, 2.05 mmol),
bis(pinacolato)diboron (0.78 g, 3.08 mmol), PdCL(dppf) (0.075 g ,0.1 mmol ), Potassium acetate (0.6 g, 6.15 mmol) in
anhydrous DMSO (25 ml), The mixture was stirred under nitrogen and heated at 110 °C for 8 hours. After cooling, the
mixture was extracted with dichloromethane, washed with water and dried over anhydrous sodium sulfate. The
solvent was evaporated in vacuo and the crude material was purified by silica gel column chromatography (petroleum
ether: dichloromethane = 3:1) to afford compound 2 as a white solid (0.82 g, yields: 75 % ). 'H NMR (400 MHz,
Chloroform-d) 8 7.96 (d, ] = 1.8 Hz, 2H), 7.75 (t, ] = 1.9 Hz, 1H), 7.49 (t, ] = 1.6 Hz, 2H), 7.45 (t, ] = 1.7 Hz, 2H), 7.36 (t,
] =1.8 Hz, 2H), 1.39 (s, 12H), 1.37 (s, 18H). 3C NMR (101 MHz, Chloroform-d) 8 153.79 , 142.73 , 140.85 , 134.48 , 133.09,
129.32 , 124.88, 123.01, 84.28 , 35.22, 31.44 , 25.03 . HR-EI (m/z): calcd. for C;,H;,BCL,0, 536.242, found 536.241.
Synthesis of compound 3

To a sealed tube was added with TPPTI-Brs ( 100 mg , 0.052 mmol), m-terphenyl borate 2 (123 mg , 0.23 mmol),
Pd(PPh;), (8 mg, 0.007 mmol), 2 M aq. K,CO;(7 ml), and THF (14 ml), the mixture was stirred under nitrogen and
then refluxed overnight. After cooling, the organic layer was separated and removed in vacuo, the crude product was
purified by silica gel column chromatography (petroleum ether: dichloromethane = 3:1) to afford compound 3 as a
red solid (160 mg , yields: 80 % ). 'H NMR (400 MHz, Chloroform-d) & 8.56 (d, ] = 13.1 Hz, 6H), 7.73 (d, ] = 8.0 Hz,
6H), 7.64 (s, 6H), 7.48 (s, 12H), 7.44 (d, ] = 8.0 Hz, 6H), 7.32 (s, 12H), 7.21 (s, 24H), 5.25-5.17 (m, 3H), 2.31-2.22 (m, 6H),
1.88-1.82 (m, 6H), 1.36-1.24 (m, 48H), 1.15 (s, 96H), 0.83 (t, ] = 6.8 Hz, 18H). 3C NMR (101 MHz, Chloroform-d) & 153.38
,145.72 ,144.82 ,142.98 , 141.69 , 138.09 , 136.57 , 134.58 , 134.27, 132.68 , 130.39 , 129.89 , 128.37, 127.63 , 126.74 , 125.54 ,
125.09, 124.80, 122.37, 119.25, 80.27, 54.38 , 34.66 , 32.41, 32.02, 31.00 , 29.98 , 26.82 , 22.96 , 14.32 . HR-MALDI-
TOF (m/z): caled. for C,5;H,45Cl,.N;06 3900.553, found 3900.551.

Synthesis of TPPTI-[9] CMP
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Bis(1,5-cyclooctadiene)nickel(o) (2 g, 7.3 mmol) was added to the mixture of 2,2’-bipyridine (0.79 g, 7.3 mmol), 1,5-
cyclooctadiene (1.1 g, 7.3 mmol) in anhydrous toluene (15 ml) and DMF (15 ml) under nitrogen, and then stirred at 80
°C for 30 min. A solution of compound 3 (120 mg, 0.031 mmol) in anhydrous toluene (5 ml) and DMF (25 mL) was
added dropwise over 30 min. The mixture was stirred and heated at 8o °C for 8 h. After cooling, the solvent was
evaporated in vacuo and the crude product was purified by silica gel column chromatography (petroleum ether:
dichloromethane = 5:1) to afford TPPTI-[9]CMP as a red solid (54 mg, yields: 50 %). 'H NMR (400 MHz, 1,1,2,2-
Tetrachloroethane-d, ) 8 8.65 (d, ] = 12.0 Hz, 6H), 7.77 (s, 6H), 7.51 (s, 12H), 7.48 (s, 12H), 7.34 (s, 12H), 7.28-7.25 (m,
18H), 7.04 (d, ] = 8.0 Hz, 6H), 5.20-5.08 (m, 3H), 2.23-2.18 (m, 6H), 1.88-1.85(m, 6H), 1.38 (s, 96H), 1.26 (s, 48H), 0.87-
0.85 (m, 18H). 3C NMR (101 MHz, Chloroform-d) § 164.73 , 163.83 , 151.68 , 146.40 , 144.86 , 143.40 , 142.18 , 138.27 ,
135.98 , 135.14 , 134.30 , 133.57, 131.58 , 129.91 , 129.49 , 128.87 , 128.81, 127.87 , 126.81, 125.60 , 124.96 , 124.32 , 119.66 ,
54.52,34.98 ,32.52, 3218 , 31.59, 30.10, 26.91, 23.11, 14.44 . HR-MALDI-TOF (m/z): calcd. for C,5,H.,0N;06 3474.934,
found 3474.931.

Synthesis of [9]CMP

Compound 4 was prepared according to the reported procedure.?! Bis(1,5-cyclooctadiene)nickel(o) (497.5 mg, 1.809
mmol) was added to the mixture of 2,2’-bipyridine (282.2 mg, 1.809 mmol), 1,5-cyclooctadiene (195.4 mg, 1.809 mmol)
in anhydrous toluene (20 ml) and DMF (7 ml,) under nitrogen, and then stirred at 8o °C for 30 min. A solution of
compound 4 (200 mg, 0.402 mmol) in anhydrous toluene (15 mL) was added dropwise over 30 min. The mixture was
stirred and heated at 8o °C for 16 h. After cooling, the solvent was evaporated in vacuo and the crude product was
purified by silica gel column chromatography (petroleum ether: dichloromethane = 12:1) to afford [9]CMP as a white
solid (4 mg, yields: 3 %). '"H NMR (400 MHz, Chloroform-d) & 7.78 (s, 3H), 7.59-7.58 (m, 24H), 7.53-7.50 (m, 3H), 1.41
(s, 54H). BC NMR (101 MHz, Chloroform-d) § 152.20, 142.70, 142.54, 141.89, 129.17, 127.35, 126.57, 124.48, 123.99, 123.89,
35.14, 31.66, 27.08. HR-MALDI-TOF (m/z): calcd. for C,sHg, 1020.657, found 1020.658.

3. X-ray Crystallographic Data for Compounds

Single crystals of TPPTI-[9]CMP, (Cs0);@TPPTI-[9]CMP and [9]CMP suitable for X-ray diffraction analysis were
grown by slow diffusion of methanol into CHCl; and toluene solution at room temperature. The X-ray diffraction
data were collected on a MMoo7HF Saturnyz24+ diffractometer with graphite monochromated Cu Ka (1.54184 A).
Since the crystals of TPPTI-[9]CMP and (Cs0);@TPPTI-[9]CMP obtained were either very small or lost solvent
rapidly, the collect data are of relatively low quality but the overall connectivity of the structures can be
unambiguously determined. It was necessary to use PLATON-SQUEEZEB! in all refinements: generally the number
of electrons, and amount of solvent, accounted for by the SQUEEZE routine is significantly higher than the amount
of solvent indicated by TGA. This is unsurprising as the solvent loss that may also occur during sample preparation
for TGA measurement.

TPPTI-[9]CMP: The structure contained some diffuse electron density which appeared to correspond to disordered
chloroform. As these could not be sensibly modelled, the data was processed with PLATON-SQUEEZE to account for
the residual electron density (estimated total void volume: 6749 A3, estimated total electron count: 1802). The
majority of the alkyl chains and t-Bu groups were modelled with DFIX restraints to give a chemically-sensible model.
(C60);@TPPTI-[g]CMP: The structure contained some diffuse electron density which appeared to correspond to

disordered methanol and toluene. As these could not be sensibly modelled, the data was processed with PLATON-
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SQUEEZE to account for the residual electron density (estimated total void volume: 5672 A3, estimated total electron
count: 1421). The majority of the alkyl chains, t-Bu groups, and disordered Cs, were modelled with DFIX restraints to
give a chemically-sensible model.

Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supplementary
publication No. CCDC 2416457 (TPPTI-[9]CMP), 2416458 ((Ceo);@TPPTI-[9]CMP) and 2416459 ([9JCMP). The

single crystal X-ray crystallographic data were summarized in Table Si.

Table S1. Crystal data and structure refinement for TPPTI-[g]CMP, (Cs,);@ TPPTI-[9]CMP and [9]CMP.

Identification code TPPTI-[9]CMP [o]CMP (Ce0);@TPPTI-[g] CMP
Empirical formula C.,.ClsH6,N506 Cs,HssCl, Cs,8H;353N506
Formula weight 5266.10 1498.92 6835.11
Crystal system Triclinic Monoclinic Triclinic
Space group P Ca/c Pa
Radiation type Cu Ka Cu Ka Cu Ka
Radiation wavelength(A) 1.54178 1.54184 1.54178
T(K) 100(1) 170.00(10) 170(1)
a(A) 21.8575(8) 16.4184(2) 22.4394(n)
b(A) 27.009(7) 20.5605(4) 25.0320(12)
c(A) 27.2218(8) 16.8961(2) 34.7003(12)
a(deg) 78.849(2) 90 84.936(3)
B(deg) 76.570(3) 101.8490(10) 79.688(4)
y(deg) 80.260(3) 90 67.852(5)
V(A3) 15206.9(9) 8025.56(18) 17756.9(15)
Z 2 4 2
pcalc (g cm™) 1150 1241 1.278
8, range(°) 2.405 to 66.05 2.99 to 76.152 2.589 to 66.049
p(mm™) 4.048 4.102 0.564
F(000) 3720 3136.0 7180

Crystal size (mm3)

0.100X0.040X0.030

0.23X0.04X0.03

0.11X0.08X0.05

Index ranges

-25=sh=<25-32<k
=31,-32=<1=<30

-20=sh=20,36<k
<26,-21s1<2

-26 =h =26, -27 <k <29,
-prlsqpn

Reflections collected

167629

29421

219520

Independent reflections

52580 [Rint = 0.1005]

8051 [Rint = 0.0330,
Rsigma = 0.0310]

61475 [Rint = 0.129]

Data / restraints /

parameters 52580/971/2239 8051/156/506 61475/10784/3320
Goodness-of-fit on F> 1.097 1.039 1.029
Final R indices R1=0.0840, wR2 = Ri=0.0813, wR2 = | R1=0.1478, wR2 = 0.2824
[I>2sigma(I)] 0.1935 0.2260
R indices(all data) Ri1=0.1357, wR2 = R1=0.0920, wWR2 = | R1=0.2463, wR2 = 0.3106
0.2053 0.2358
Largest diff. peak and
hole(e.A") 0.407/-0.289 1.19/-0.62 0.622/-0.379
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Fig. S1 Thermal ellipsoids drawn at the 50% probability level of TPPTI-[9]CMP. Nitrogen atoms are depicted by
blue ellipsoids; Oxygen atoms are depicted by red ellipsoids; Hydrogens are depicted by white circles.
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Fig. S2 Thermal ellipsoids drawn at the 50% probability level of (Ceo);@TPPTI-[9]CMP. Nitrogen atoms are depicted
by blue ellipsoids; Oxygen atoms are depicted by red ellipsoids; Hydrogens are depicted by white circles.
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Fig. S3 Thermal ellipsoids drawn at the 50% probability level of [9]CMP. Chlorine atoms are depicted by green

ellipsoids; Hydrogens are depicted by white circles.
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Fig. S4 Thermogravimetric analysis (TGA) of TPPTI-[9]CMP (a) and (Ceo);@TPPTI-[9]CMP (b). (Samples were
heated at 10.0 °C/min from 40 to 400 °C under a nitrogen flow rate of 50 mL/min. All experiments used 3.0-5.0 mg

of as-grown materials)
4. Binding Behaviors with Cs,

For Job’s plot. A solution of TPPTI-[g]CMP in toluene (2.0x10°® M) and a solution of Cg, in toluene (2.0x10° M) were
mixed in different ratios(TPPTI-[9]CMP:Cs, = 10:0, 91, 8:2, 7:3, 2:1, 64, 5:5, 4:6, 1:2, 3:7, 2:8, 1:9, 0:10). The fluorescence
emission was measured for each sample, and the differences in the emission at 584 nm were monitored; The Job’s

plot of TPPTI-[9]CMP and Cs, in toluene at room temperature.
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Fig. S5 Fluorescence emission spectra and the Job’s plot of TPPTI-[9]CMP and Cs, in toluene.

Fluorescence titration experiment by the addition of Ce, (105 M) to TPPTI-[9]CMP (10® M) in toluene. The changes

in the fluorescent intensity of TPPTI-[9] CMP at 584 nm was measured. The Ka was determined by using eq S1.

F/Fo = (1+AKa[Cso]) / (1+Ka[Cso)) (S1)
(b)
1.8x108 10
Ka=7.74 + 0.53X104 M
0.8 R =0.99878
1.2x106 -
g
L 06
6.0x10° -
0.4 -
0.0+ 02 : . : . : . . |
550 600 650 700 720 00 2 0x10° 4.0x10¢ 6.0x10° 8.0x10°

[Céol

Fig. S6 Fluorescence spectrum of TPPTI-[9]CMP (1.0 x 105 M) in the presence of Ce, in toluene (a) and correlation
of [Ceo] on the fluorescent intensity of TPPTI-[9]CMP in toluene for obtaining the Ka. R is the coefficient of

determination (b).
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Fig. S7 Fluorescence spectrum of TPPTI (1.0 x 10> M) in the presence of Ce, in toluene.
5. Density Functional Theory Results

All density functional theory (DFT) calculations were performed using Gaussian o9, Revision D.o1 program.+ All
optimized structures were conducted at the B3LYP level with the 6-31G(d) basis set at gas phase. Time-dependent
density functional theory (TD-DFT) were calculated at the B3LYP/6-31G(d) level in CHCI; with the IEFPCM solvent
model and at least the 100 excited states were considered. For better comparison with experimental data, Lorentz
broadening with a half width at half height of 0.3 eV was applied to the line spectra obtained. Major orbital transition
contributions in excited states were generated using Multiwfn 3.8 software.!s! The cocrystals were used to calculate
the weak interactions. To visualize the intermolecular interactions in (Ceo);@TPPTI-[9JCMP, the independent
gradient model based on the Hirshfeld partition of molecular density (IGMH) method was conducted by Multiwfn
3.8 software.!®) The isosurface maps were conducted by VMD.!” All details for running StrainViz can be found at

https://github.com/CurtisColwell/StrainViz.®!

1.5
—— TPPTHQICMP
—[9ICMP
F10 £
o
c
g
n
S
L05 =
o
7]
©]
/rh\_l . . : 00
200 400 600 800

Wavelength / nm
Fig. S8 Computational absorption spectra of TPPTI-[9]CMP and [9]CMP at the B3LYP/6-31G(d) level in CHCl,

solution.
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Fig. Sg Pictorial representations of selected frontier molecular orbitals of [g]JCMP as determined at the B3LYP/6-

31g(d) level of theory.
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Fig. S10 Pictorial representations of selected frontier molecular orbitals of TPPTI-[9]CMP as determined at the

B3LYP/6-31g(d) level of theory.
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Table Sz2. TD-DFT singlet excitation energies E, excitation wavelengths A, oscillator strengths f, and

contributions of TPPTI-[9]CMP and [9]CMP the B3LYP/6-31G(d) level in CHCl, solution.

orbital

.. Energy | Wavelength . .
Transition (eV) (nm) f Electronic Configuration
So — S, 2.0516 604.33 0.56500 | HOMO — LUMO (99.1%)
So — S, 2.0518 604.27 0.56640 | HOMO — LUMO+1 (99.1%)
So — S, 2.3277 532.65 0.17830 | HOMO-1 — LUMO (96.8%)
Tepr HOMO-1 — LUMO+1 (50.8%)
CMP N -1— +1 (50.8%
[o] So — Ss 2.3279 532.60 03749° | HOMO-2 — LUMO (48.3%)
So — Se 2.3283 532.51 0.19940 | HOMO-2 — LUMO+1 (96.8%)
So — Ss 2.6328 470.92 017580 | HOMO-1 — LUMO+2 (99.5%)
So — Sy 2.6332 470.85 0.17560 | HOMO-2 — LUMO+2 (99.5%)
... Energy | Wavelength . .
Transition (eV) (nm) f Electronic Configuration
HOMO-1 — LUMO+1 (28.6%)
S S ) 25028 0.22260 HOMO — LUMO+2 (28.6%)
o O 4-9519 503 22350 | HOMO-2 — LUMO (22.8%)
HOMO-8— LUMO (6%)
HOMO-2 — LUMO+3 (31.6%)
HOMO-2 — LUMO+1 (12.0%)
So — Sa 5.1240 241.97 0.64180 | HOMO-5 — LUMO+1 (6.7%)
HOMO-4 — LUMO+2 (6.2%)
HOMO — LUMO+2 (5.6%)
HOMO-2 — LUMO+4 (31.7%)
HOMO-2 — LUMO+2 (11.9%)
(o] CMP So — S, 5.1243 241.95 0.65680 | HOMO-5 — LUMO+2 (6.6%)
9 HOMO-4 — LUMO+1 (6.5%)
HOMO-1 — LUMO+2 (5.1%)
HOMO-3 — LUMO+4 (19.7%)
HOMO-3 — LUMO+3 (14.7%)
So — Si3 5.1527 241.09 115030 | HOMO-1 — LUMO+5 (13.7%)
HOMO-5 — LUMO (9.3%)
HOMO-2 — LUMO+1 (5.4%)
HOMO-3 — LUMO+3 (19.9%)
HOMO-3 — LUMO+4 (14.7%)
So — Sy 5.1429 241.08 113560 | HOMO — LUMO+s5 (13.8%)
HOMO-4 — LUMO (9.4%)
HOMO-2 — LUMO+2 (5.6%)

Fig. Su StrainViz structures for [g]JCMP and TPPTI-[g]CMP.
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6. UV, CV and PL Spectra of Compounds

UV-vis absorption spectra were measured with Hitachi (model U-3010) and emission spectra were measured in CHCl,
at room temperature; Fluorescence measurements were carried out on a FLS980 Spectrometer and quantum yield
was determined by a Quanta-¢ integrating sphere.

Cyclic voltammetry (CV) was recorded on a CHI620E electrochemical workstation using glassy carbon discs as the
working electrode, Pt wire as the counter electrode, Ag/Ag* electrode as the reference electrode, and
ferrocene/ferrocenium as an internal potential marker. The experiments were performed in nitrogen-purged DCM
with tetrabutylammonium hexafluorophosphate (TBAPFg, 0.1 M) as the supporting electrolyte with a scan of 100
mV/s.

10* 10* 10*

Pl gy o g it

ik .Nmnlmi i ‘JMMMWImﬁﬂ'"r\

T|me / ns Time /ns

Fig. S12 Emission lifetime of [9] CMP (a), TPPTI-[9]CMP (b), and TPPTI (c) in chloroform.

i iatost 1 M H‘WUT ity

wl lmn T g oo

0 40

7. Transient Absorption Measurements

Femtosecond transient absorption (fs-TA) measurements were performed by employing a Helios spectrometer
(Ultrafast Systems LLC) equipped with a regenerative amplified Ti:sapphire laser system (coherent; 80o nm, 85 fs, 7
mJ pulse, with 1 kHz repetition rate). The output pulse was split into two parts. One part was directed into a TOPAS
optical parametric amplifier (OPA) to generate pump beam ranging from 250 nm to 2.5 um. The other part of 8oo
nm beam was attenuated with a neutral density filter and focused into a 2 mm thick sapphire window to generate a
white-light continuum (WLC) as probe beam. The pump-probe delay was controlled by a mechanical delay stage.
Nanosecond transient absorption (ns-TA) measurements were conducted by using a commercial nanosecond
transient spectrometer (Helios-EOS Fire, Ultrafast System Corporation).

All dilute solution samples were dissolved in a quartz cuvette (2 mm path length). Triplet photosensitization
experiment was prepared by dissolving the sensitizer (anthracene, ~20 mM) and the sample (~20 pM) in CF.
Anthracene could generate triplets by intersystem crossing and the energy could transfer to samples by diffusional
collisions. All the samples prepared for ns-TA were preprocessed by degassing with N, for 10 min to eliminate the

effect of O, on the triplets.
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Fig. S13 (a) 2D contour map, (b) transient absorption spectra and (c, d) decay profiles of TPPTI-[9]CMP in dilute

toluene solution with excitation at 520 nm.
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Fig. S14 The comparison of normalized decay profiles at corresponding wavelengths of TPPTI-[g] CMP in toluene
(black) and chloroform (red).

In order to further clarify the assignment of the excited-state absorption (ESA) feature near 610 nm as charge-
transfer (CT) state, we have compared the normalized decay profiles at corresponding wavelengths of TPPTI-[g] CMP
in different solvents as shown in Fig. S13. It is shown that the rising process of ESA in CF (t = 4.1 ps) is faster than that
in TOL (t = 9.8 ps), indicating that the formation of signal near 610 nm is polarity dependent. Therefore, ESA near

610 nm is mainly contributed from the charge transfer state.
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Fig. S15 The evolution-associated spectra (EAS) derived from global analysis results of fs-TA for TPPTI-[9]CMP in
(a) toluene and (b) chloroform with corresponding time constants for specie evolution.

We have underwent global analysis for fs-TA with a sequential model to evaluate the dynamics and spectra
shapes. As shown in Fig. Si4a, there is a slight red shift for ESA band near 610 nm as specie A transfer to B within

T,_p=12.7 ps. Specie A represents the LE state while specie B is still dominated by LE state but with partial CT state.
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In contrast, the band near 620 nm is much stronger in CF with higher polarity as shown in Fig. Si4b. As band at 620
nm is dominated by CT state and 680 nm is assigned as LE state initially, the ratio of these two bands is reversed as

specie A turning to B with a faster rate (z, ,;=5.2 ps). We assigned specie A as initial mixing state and B as CT state

induced by polar solvent.
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Fig. $16 (a) 2D contour map, (b) transient absorption spectra and (c) decay profiles of (Ceo);@TPPTI-[9]CMP in

dilute toluene solution with excitation at 530 nm.
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Fig. S17 Ns-TA measurement for TPPTI-[9]CMP in dilute chloroform with excitation at 520 nm: (a) 2D contour map,

(b) transient absorption spectra and (c) decay profiles.
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Fig. $18 Ns-TA measurement for TPPTI-[g]CMP in dilute toluene with excitation at 520 nm: (a) 2D contour map, (b)

transient absorption spectra and (c) decay profiles.
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Fig. S19 Ns-TA measurement for (Ceo);@TPPTI-[9]CMP in dilute chloroform with excitation at 530 nm: (a) 2D

contour map, (b) transient absorption spectra and (c) decay profiles.

S13 /827



10 A 4
- 5 ﬂ .
- -g ‘?O 0= R~ - -8 —— 574nm
~10 3 = S
2] >
= g a 1 102 ps X127
- 1ns
310-1_ O .10+ —20ns—207ﬁs 8
= 5 10 us — 390 us :(’—16-
- = 50 ps 4 4
§ -20 _
107 - T T T Y T T T 1 -20 . . . . .
400 500 600 700 800 900 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm) ERU1E0i01 0.1 Time1 (us) L

Fig. S20 Ns-TA measurement for (Ce0);@ TPPTI-[9]CMP in dilute toluene with excitation at 530 nm: (a) 2D contour

map, (b) transient absorption spectra and (c) decay profiles.
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Fig. S22 Jablonski diagrams of excited state evolution in TPPTI-[9]CMP and (Ce,);@ TPPTI-[9]CMP.

8. Adsorption Isotherms Tests.

void space visualized by yellow/grey (inner/outer) curved planes generated with a probe of 1.4 A. (c) 3D packing
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diagram and honeycomb-shaped channel of TPPTI-[9]CMP, The whole process is determined by single-crystal X-
ray diffraction (SCXRD). Color code: gray, C; blue, N; red, O; white, H.

The adsorption and desorption isotherms of N, at 77 K, as well as the single-component gas adsorption isotherms
of C,H, and C,He, were measured using the BSD 3H-2000 from Beishide Instrument Technology. Prior to testing, the
samples were activated by vacuum heating at 100°C for 6 hours. The adsorption and desorption curves were then
measured at 273 K, 283 K, and 298 K. After each set of isotherm measurements, the samples were re-activated through

vacuum heating.
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Fig. S24 N, adsorption-desorption Isotherm curves of TPPTI-[g]CMP at 77 K.
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Fig. S25 Single-component adsorption isotherms of ethane (a) and ethylene (b) at 273 K, 283 K, and 298 K,
respectively.

Table S3. Summary of adsorption quantity data at 1 bar at different temperatures

Gas uptake at
ibar (cm?g? C.He CH, C,He C.H, C.Hg C.H,
STP)
Temperature 273 K 283 K 298 K
TPPTI-[9]CMP 53.7241 25.13082 42.30074 19.93712 32.39995 16.47819
Table S4. Summary of the adsorption date of pure organic-based C,Hs-selective adsorbents.
C,Hg uptake C,H, uptake Qst IAST
2116 201y
Adsorbents (mmol/g) (mmol/g) (C,He/C,H,) Selectivity Reference

(kJ/mol)
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TPPTI-[9]CMP 1.45 0.74 21.5/16.8 2.46 This work

7b 0.77 0.50 28.9/26.6 2.24 [o]
NKCOF-21 4.4 3.3 26.2/23.6 1.6

NKCOF-22 2.9 1.8 25.9/24.1 15 [10]
NKCOF-23 2.7 2.2 24.3/23.0 1.3

COF- 2.4 1.9 22.5/22.2 1.92

COF-6 2.1 2.1 29.2/27.5 1.20

COF-8 1.6 1.5 27.5/25.1 1.21

COF-10 1.0 0.9 26.6/25.1 1.31 (1]
MCOF4 3.3 2.8 30.0/27.5 1.48

COF-102 1.9 1.6 28.7/25.1 1.57

COF-300 4.1 3.1 26.9/25.0 1.49

COF-320 2.4 1.8 26.9/25.1 1.49
CTF-DCTC-400 1.82 1.68 22.7/22.0 1.04
CTF-DCTC-500 3.10 2.34 25.4/23.7 2.08 [12]
CTF-BT-500 4.5 3.9 24.1/23.3 13 [13]
DBA-3D-COF-1 2.09 L7 16.8/15.9 1.24 [14]
HOF-BTB 3.09 2.49 25.4/22.6 1.4 [15]
ZJU-HOF-1 4.87 3.87 3L5/- 2.25 [16]
HOF-76a 2.95 1.67 22.8/20.6 2.05 [17]

9. Breakthrough Curves Tests.

The dynamic penetration experiment for C,Hg and C,H, was conducted using the BSD-MAB instrument. A 480 mg
sample, which had been vacuumed and heated at 100°C for 2 hours, was placed into an adsorption column (®10 mm
diameter x 100 mm length) and purged with inert gas for two hours. The dynamic penetration test was carried out at

1 bar and 298 K. During the experiment, the C,Hgs/C,Hg ratio was 1:1, with a total gas flow rate of 5 mL/min.

1.2

—o—C,Hg ——C,H,

0 100 200 300 400 200

Time /s
Fig. S26 The experimental breakthrough curve of TPPTI-[9]CMP for C,Hes/C,H, (1/1, v/v, no carrier gas) at 298 K and

1 bar with a total flow rate was 5 mL min™.
10. IAST (Ideal adsorbed solution theory) Selectivity Calculations.

IAST (Ideal adsorbed solution theory)!® was used to predict binary mixture adsorption from the pure gas isotherms.
The experimental adsorption isotherm data for C,H, and C,Hs at 298 K were fitted with a dual Langmuir-Freundlich

(L-F) model:
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al*bl*Pcl

ap *bz xP€2

Hq=

1+b1*PCl

1+b2*PC2

Where q is the adsorption amounts and P is the pressure, respectively.

The adsorption selectivity for binary mixtures defined by

(2) Sa/ =

XAYB
XBYA

were respectively calculated using the ldeal Adsorption Solution Theory (IAST). Where x4 is the mole fraction of

component A in the adsorbed phase and yA is the mole fraction of component A in the bulk.

11. Isosteric Heats of Adsorption (Qst) Calculations.

The isosteric heats of adsorption (Qst) was calculated by the Virial equation"!, which is as follows:

(3)In P=In N +-%", a;N' + XL, bN'

4) Qse = —RXy aiN'

Where P is the pressure, N is the adsorption capacity (mmol/g), T is the temperature, a; and b; are parameters

independent of temperature, m, n are the number of a; and b; respectively, R is the universal gas constant.

(a)

InP / KPa

(b)

Gas uptake / mmol/g

7 T
CH, C,H,
6 -
6 -
s 273K s 273K
5 s 283K e 283K
4 208K & 5 a 208K
— Fitting Curve < —_ Fitting Curve
4 — Fitting Curve nC_ — Fitting Curve
— Fitting Curve = — Fitting Curve
4
3
n
2 T T T L] 3 L] L] L]
00 0.5 10 15 240 25 00 03 06 0.9

Gas uptake / mmol/g

Fig. S27 Virial equation fitting of C,H¢ (a) and C,H, (b) adsorption isotherms.

Table S5. The fitting parameters of Virial equation at isosteric enthalpies of adsorption.

Parameter C.Hs CH,

Ao -1912.58593 -768.40077
a, -882.72098 -2038.22077
a, -33.4778 -468.01631
a 381.10633 2382.05179
a, -132.43294 -1689.54062
as 18.21951 481.41195
bo 11.66953 8.37679
b, 4.88297 10.32455
b, -1.84769 -4.53732

Adj.R-square 0.99964 0.99973
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12. Binding Energy Calculations.

Periodic DFT calculations were performed to optimize the host-guest system and binding energy of C,Hs/C.H,
interaction with the molecule of x, using Perdew-Burke-Ernzerhof (PBE) method 2°> with Grimme’s DFT-D

correction 22l in Dmol; 3! module in Materials Studio 8.0 of Accelrys.[222%]

The tolerances of energy, gradient and displacement convergence were, 1x10 hartree, 2x103 hartree A7 and 5x1073 A,
respectively.

The binding energy (AEina) for C;He/C,H, with models was calculated by Supplementary Equation X,
AEbina=Eas—Ea-Ep (X)

where, Eap, E4, and Ep are the total energies of complex of gas with model, single C,H¢/C,H, gas, and TPPTI-[g]CMP

model at the optimized geometries, respectively.

""" C-H---N interaction
Fig. S28 The calculated CH---it interactions, CH---N bond, and adsorption sites in TPPTI-[9]CMP for C,Hs (a) and

CH, (b).

S18 /527



13. 'H NMR, 3C NMR, and HRMS Spectra of Compounds

N

S S—

Ll 1

R =R=R N s
O.\O.OORO)- T T T T T T T T T T \\I:V\; T T
/o NTE5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 5 1.0 0.5
1 (ppm)
R R 238585 © NI 1)
P NS YOOI ® N N ¥ 9
w0 < < MO 0NONNNN < n - v
- e v T e 5 ® ™ [
\ NN SN/ | (. |
Bu Bu
cl g O g Cl
o o
|
|
| |
Lo i |
" Y
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
Fig. S29 'H NMR and 3C NMR spectra of m-terphenyl borate 2 in CDCl; (400 MHz, 298 K).
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Fig. S30 'H NMR spectrum of compound 3 in CDCl; (400 MHz, 298 K) and 3C NMR spectrum of compound 3 in
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Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 2 Calibration Date Wed Sep 25 05:23:00
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 2094152
Broadband Low Mass  202.1 m/z No. of Laser Shots 20 Data Processing Size 4194304
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Fig. S35 HR-MALDI-TOF Spectrum of [9]CMP.
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Fig. S36 HR-EI-MS Spectrum of m-terphenyl borate 2.
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Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 1 Calibration Date Thu Oct 31 03:34:59
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 2023152
Broadband Low Mass  202.1 m/z No. of Laser Shots 66 Data Processing Size 4194304
Broadband High Mass  7500.0 m/z Laser Power 4101p Apodization Sine-Bell Multiplication
Source Accumulation 0.001 sec Laser Shot Frequency 0.020 sec
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Fig. S37 HR-MALDI-TOF Spectrum of compound 3.
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Fig. $38 HR-MALDI-TOF Spectrum of TPPTI-[9] CMP.
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