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Experimental Section

Materials and instrumentation

All reagents were purchased of analytical grade and used as received without further purification. Infrared spectra (IR) were
recorded on Nicolet-20DXB spectrometer as KBr pellets in the range of 4000—400 cm™!. ESI mass spectra were recorded
using LCQ-Tof MS mass spectrometer (Samples were deprotonated using NaAc). NMR spectra were recorded at ambient
temperature on a Bruker Avance I 400M spectrometer. Thermogravimetric analysis (TGA) were performed under nitrogen
atmosphere with a heating rate of 10 °C/min using a TA-Q50 thermogravimetric analyzer. Elemental analyses (C, H, N)
were determined on Vario EL III Elemental Analyzer. X-ray powder diffraction (XRD) patterns were collected with a
D/MAX-2400 diffractometer using Cu-K,, radiation (4 = 1.54056 A) under ambient conditions. Luminescence spectra were
acquired at ambient temperature with solid-state samples by using a HITACHI F-7000 fluorescence spectrophotometer.
Synthesis of 5-(5,7-dioxopyrrolo[3,4-f]lbenzimidazole-6-yl)isophthalic acid (H;L)

A mixture of benzimidazole-5,6-dicarboxylic acid (4.12 g, 20 mmol) and 5-aminoisophthalic acid (3.62 g, 20 mmol) in 120
ml DMF was heated at 140 °C for 8 h, then filtrated. The product was washed firstly with DMF, then with EtOH and dried
in air. Yield: 66 %. The ligand was used for the synthesis of MOFs without further purification. IR (KBr pellet, cm™'):
3382(m), 3231(w), 3104(w), 2926(w), 2498(w), 1768(s), 1714(vs), 1654(s), 1618(w), 1378(vs), 1256(vs), 1110(s), 837(m),
757(s), 681(m), 614(m). Negative ESI-MS (m/z): 350.0 (H;L-H*), 372.1(H;L -2H*+Na*), 174.5((H;L-2H*)/2). Element
analysis (%) calcd for C;7HoN3;Og: C58.13, H 2.58, N 11.96; found: C 58.34, H 2.35, N 11.90. '"H-NMR (DMSO-dg, 500
MHz, §[ppm]): 13.41 (s, 2H), 8.59 (s, 1H), 8.49 (t,J = 1.5 Hz, 1H), 8.27 (s, 2H), 8.15 (s, 2H),Melting points: above 300 °C.
Synthesis of [Ca(HL)(DMSO),]-DMSO (1)

H;L (7.0 mg, 0.02 mmol) and CaCl, (8.9 mg, 0.08 mmol) were dissolved in a solvent mixture of
DMSO/DMF/H,0(4:4:1, 3.5 mL) in a 20 ml scintillation vial, which was heated to 85 °C for 24 h, then 105 °C for 48 h
and cooled to room temperature. The colorless block crystals were collected by filtration, washed with DMSO and
dried in air (40% yield based on H;L). Element analysis (%) calcd for C,3H,5CaN;06S;5: C 44.29, H 4.04, N 6.74;

found: C 44.04, H 4.09, N 6.44. IR (KBr pellet, cm™): 3423(br), 3180(br), 3112(w), 2923(w), 1762(m), 1706(vs),



1613(s), 1563(s), 1402(s), 1371(vs), 1110(w), 1023(m), 788(m), 720(m), 634(w).

Synthesis of [Pb(HL)(DMSO),]-DMSO (2)

Hi;L (3.5 mg, 0.01 mmol) and Pb(Ac),'3H,O (11.9 mg, 0.04 mmol) were dissolved in a solvent mixture of
DMSO/DMF(9.5:1, 2.0 mL) in a 20 ml scintillation vial, which was heated to 105 °C for 48 h, then cooled to room
temperature. The colorless block crystals were collected by filtration, washed with DMSO and dried in air (52% yield
based on H;L). Element analysis (%) calcd for C,3H,sN309S3Pb: C 34.93, H 3.18, N 5.31; found: C 34.52, H 2.98, N
5.27. IR (KBr pellet, cm): 3411(br), 3115(w), 2924(w), 2846(w), 1766(s), 1707(vs), 1611(s), 1559(vs), 1416(s),
1371(vs), 1112(m), 1002(m), 931(m), 782(m), 720(m), 636(w).

Synthesis of [Mg(HL)(HCOOH), ,;(DMSO);.7;]-DMSO (3)

Hi;L (3.5 mg, 0.01 mmol) and Mg(NO;), (2.2 mg, 0.015 mmol) were dissolved in a solvent mixture of
DMSO/DMF/H,0(10:6:1, 1.7 mL) in a 20 ml scintillation vial, which was heated to 105 °C for 48 h and cooled to
room temperature. The colorless block crystals were collected by filtration, washed with DMSO and dried in air (48%
yield based on H;L). Element analysis (%) calcd for Cj;.73H23.9:MgN30927S5 730 C 45.55, H 4.02, N 7.01; found: C
4513, H 4.09, N 6.74. IR (KBr pellet, cm™): 3386(br), 2922(w), 1771(w), 1711(vs), 1633(s), 1578(s), 1422(s),
1376(vs), 1103(w), 1015(w), 783(m), 734(m), 640(m).

X-ray Structure Determinations

Intensity data of 1 and 1” (150 K), and 2 (296 K) was measured on a Bruker SMART APEX II CCD area detector system.
Data reduction and unit cell refinement were performed with Smart-CCD software. Data 3 was measured at 153 (2) K on a
Mar CCD 165 mm detector by w-scan techniques on the beamline 3W1A of BSRF (Beijing Synchrotron Radiation Facility)
and the wavelength is 0.80000 A. Data were corrected for absorption effects using the spherical harmonics technique. All
the structures were solved by direct method using SHELXS-2014! and refined by full-matrix least squares method using
SHELXS-2014!. The hydrogen atoms were included in the structural model as fixed atoms (using idealized sp?>-hybridized
geometry and C-H bond lengths of 0.95A) "riding" on their respective carbon atoms. No attempts were made to locate the

hydrogen atoms on the carboxylate group of coordinated HCOOH of 3. For 3, coordinated HCOOH and one coordinated



DMSO molecule are partly occupied with occupy factors of 0.27 and 0.73 respectively. Large R, values for 3 may be

caused by the part occupation and poor quality of the single crystal. A summary of the most important crystal and structure

refinement data is given in Table S1. Selected bond lengths and angles of the compounds are given in Table S2-S4.

CCDC 2239223-2239226 contains the supplementary crystallographic data for this paper. These data can be obtained

free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre,

12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk).

Periodic structure calculations through Material Studio software package

All calculations were performed with the periodic density functional theory (DFT) method using Dmol3 module in Material

Studio software package?. The initial configuration was fully optimized by Perdew-Wang (PW91) generalized gradient

approximation (GGA) method with the double numerical basis sets plus polarization function (DNP)3-. The core electrons

for metals were treated by effective core potentials (ECP). The self-consistent field (SCF) converged criterion was within

1.0 x 107 hartree atom™! and the converging criterion of the structure optimization was 1.0 x 10-3 hartree bohr!. The

Brillouin zone is sampled by 1 x 1 x1 k-points.

Excited state calculations through Gaussian software package

The energy bands and electronic structures of 1, 1-DMSO (the uncoordinated DMSO molecule in 1 is lost), and 1-DMSO-

H,O (one of the coordination DMSO molecules in 1-DMSO is replaced by a H,O molecule), periodical density functional

theoretical (PDFT) using Material Studio package were performed on their crystal models. In order to understand the

photophysical properties in depth, asymmetry units [Ca(HL)H-(DMSO),] (1-DMSO-F) and [Ca(HL)-DMSO-H,0] (1-

DMSO-H,0-F) were extracted from the optimized periodic structures of 1-DMSO and 1-DMSO-H,0, and used to

simulate the two models, respectively. The singlet and triplet states of both the 1-DMSO-F and 1-DMSO-H,0-F were

optimized at the wB97XD level of theory® and the def2-svp basis set” based on the Gaussian 16 package.® Single point

energy was further calculated based on the ma-def2-TZVP(-f) basis set®!?. DFT-D3 dispersion correction method provides

corrections to the energy!!. The analyses of HOMO and LUMO were performed in the Multiwfn program'? and visualized

through the Visual Molecular Dynamics software!3.
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Table S1. Crystallographic data for complexes 1- 3.

1 r 2 3
Formula C23H2sN;3;09CaS; Cp3HasN3O9CaS;  Cp3HasPbN3O9S;  Ca73H23.00MgN30927S5 73
Formula weight 623.72 623.72 790.83 599.29
Crystal system Triclinic triclinic Triclinic Triclinic
Space group P-1 P-1 P-1 P-1
a(A) 8.2621(6) 8.2656(5) 8.6284(4) 8.4250(17)
b(A) 10.1118(6) 10.1091(5) 10.1963(4) 10.096(2)
c(A) 16.0255(12) 16.0219(9) 16.2383(7) 15.873(3)
o (°) 85.357(2) 85.342(2) 85.516(3) 96.99(3)
Q) 89.946(3) 89.964(2) 89.733(4) 93.113(3)
7 (°) 76.629(2) 76.626(2) 78.473(3) 92.64(3)
V(A% Z 1298.06(16)/2 1297.92(13)/2 1395.42(10)/2 1336.2(5)/2
Degiea (g /lcm?) 1.596 1.596 1.882 1.489
u(mm') 0.542 0.542 6.325 0.337
F(000) 648 648 772 622
0 range(°) 2.07 -25.00 2.35-25.00 2.04-25.00 2.27 -29.54
Reflections 31762 / 4564 58689 /4571 7203 / 4846 6669 / 6669
collected / unique
R(int) 0.0607 0.0599 0.0226 0.0000
GOF on F? 1.096 1.042 1.049 0.991
R2, 1> 20(]) (all) 0.0462 (0.1141) 0.0387(0.0505) 0.0282 (0.0658) 0.0940 (0.2184)
WR, I>20(I) (all) | 0.0583 (0.1209) 0.1005(0.1055) 0.0329 (0.0673) 0.0982 (0.2209)
Max/mean shift in | 0.001/0.000 0.001/0.000 0.001/0.000 0.000/0.000

final cycle

R=Y(|[Fo-|F/[)/ZIFq, PRw={ZwW[(F?,—F%)1/2w[(F?,)*]}°3, w = [6*(F?,) + (aP)*+bP] ~!, where P = (F?, +2 F2.)/3.]. 1, a =

0.0585,5=0.9579; 1°, a=0.0536, b = 1.4970; 2, a = 0.0363, b = 0.3551; 3, a = 0.0562, b = 11.8634.

Table S2. Selected bond lengths (A) and angles (°) for 1 and 1°.

1 r
Ca(1)-0(7) 2.295(2) Ca(1)-0(7) 2.297(2)
Ca(1)-O(4)#1 2.305(2) Ca(1)-O(4)#1 2.305(2)
Ca(1)-0(8) 2.339(2) Ca(1)-0(8) 2.341(2)
Ca(1)-0(3)#2 2.402(2) Ca(1)-0(3)#2 2.403(2)
Ca(1)-0(1) 2.429(2) Ca(1)-0(1) 2.429(2)
Ca(1)-O(4)#2 2.661(2) Ca(1)-O(4)#2 2.660(2)
Ca(1)-0(2) 2.422(2) Ca(1)-0(2) 2.420(2)
0(7)-Ca(1)-O(4)#1 85.02(8) 0(7)-Ca(1)-O(4)#1 85.16(7)
0(7)-Ca(1)-O(8) 172.13(8) | O(7)-Ca(1)-O(8) 172.25(7)
O(4)#1-Ca(1)-O(8) 88.94(8) O(4)#1-Ca(1)-O(8) 88.86(7)
0(7)-Ca(1)-O(3)#2 93.32(8) 0(7)-Ca(1)-O(3)#2 93.21(7)
O(4)#1-Ca(1)-03)#2  128.02(7) | O(@4)#1-Ca(1)-03)#2  127.92(6)
0(8)-Ca(1)-O(3)#2 94.38(8) 0(8)-Ca(1)-O(3)#2 94.36(7)



O(7)-Ca(1)-0(2) 87.99(9) O(7)-Ca(1)-0(2) 87.90(8)
O(4)#1-Ca(1)-0(2) 99.90(7) O(4)#1-Ca(1)-0(2) 99.91(6)

0(8)-Ca(1)-0(2) 88.08(9) 0(8)-Ca(1)-0(2) 88.26(8)
0(3)#2-Ca(1)-0(2) 132.01(7) | O(3)#2-Ca(1)-0(2) 132.10(6)
O(7)-Ca(1)-O(1) 92.68(9) O(7)-Ca(1)-O(1) 92.62(7)
O(4)#1-Ca(1)-0(1) 154.26(7) | O(@d)#1-Ca(1)-O(1) 154.36(6)
O(8)-Ca(1)-O(1) 90.57(8) 0(8)-Ca(1)-0(1) 90.63(7)
O(3)#2-Ca(1)-0(1) 77.67(7) 0O(3)#2-Ca(1)-0(1) 77.68(6)
0(2)-Ca(1)-O(1) 54.36(7) 0(2)-Ca(1)-0(1) 54.45(6)

O(7)-Ca(1)-O(4)#2 98.73(8) O(7)-Ca(1)-O(4)#2 98.66(7)
O(@)#1-Ca(1)-0(4)#2  77.68(7) O(4)#1-Ca(1)-0(4)#2  77.60(6)
O(8)-Ca(1)-O(4)#2 84.86(7) 0(8)-Ca(1)-O(4)#2 84.84(7)
0(3)#2-Ca(1)-04)#2  51.17(7) O()#2-Ca(1)-0(4)#2  51.14(6)
0(2)-Ca(1)-O(4)#2 172.57(8) | O(2)-Ca(1)-O(4)#2 172.70(7)
O(1)-Ca(1)-O(4)#2 127.90(7) | O(1)-Ca(1)-O(4)#2 127.88(6)
Ca(1)#1-0(4)-Ca(l)#4  102.32(7) | Ca(1)#1-O(4)-Ca(1)#4  102.40(6)

Symmetry transformations used to generate equivalent atoms: #1 -x+2, -y, -z+2; #2 x, y-1, z; #3 -x+2, -y-1, -z+2; #4 x, y+1,

Z.

Table S3. Selected bond lengths (A) and angles (°) for 2.

Pb(1)-0(3)#1 2.449(3) Pb(1)-O(14) 2.594(5)
Pb(1)-0(13) 2.466(5) Pb(1)-O(4)#2 2.745(4)
Pb(1)-0(1) 2.516(3) 0(3)-Pb(1)#3 2.449(3)
Pb(1)-0(2) 2.536(4) O(4)-Pb(1)#2 2.745(4)
OQ)#1-Pb(1)-0(13)  90.18(16) O(1)-Pb(1)-0(14) 85.29(16)
0(3)#1-Pb(1)-0(1) 76.14(10) 0(2)-Pb(1)-0(14) 90.9(2)
0(13)-Pb(1)-0(1) 93.9(2) OQ)#1-Pb(1)-0(4)#2  127.80(10)
0(3)#1-Pb(1)-0(2) 126.70(13) | O(13)-Pb(1)-O(4)#2 86.50(19)
0(13)-Pb(1)-0(2) 84.9(2) O(1)-Pb(1)-0(4)#2 156.06(11)
O(1)-Pb(1)-0(2) 51.47(12) 0(2)-Pb(1)-0(4)#2 104.87(12)
OQ)#1-Pb(1)-0(14)  94.23(15) O(14)-Pb(1)-0(4)#2  92.27(16)
0(13)-Pb(1)-0(14) 175.21(17)

Symmetry transformations used to generate equivalent atoms: #1 X, y-1, z; #2 -x+2, -y+1, -z+1; #3 x, y+1, z.

Table S4. Selected bond lengths (A) and angles (°) for 3.

Mg(1)-O(3)#1 1.995(3) Mg(1)-0(2) 2.139(3)
Mg(1)-O(4)#2 2.022(3) Mg(1)-0(1) 2.198(3)
Mg(1)-0(9) 2.062(4) 0(3)-Mg(1)#1 1.995(3)
Mg(1)-O(8") 2.098(4) O(4)-Mg(1)#3 2.022(3)
0(3)#1-Mg(1)-O(4)#2 112.02(12) | O(9)-Mg(1)-0(2) 90.25(13)
0(3)#1-Mg(1)-0(9) 92.98(15) 0(8")-Mg(1)-0(2) 88.25(13)
0(4)#2-Mg(1)-0(9) 89.74(13) 0(3)#1-Mg(1)-0(1) 152.25(12)
0(3)#1-Mg(1)-O(8") 91.80(15) 0(4)#2-Mg(1)-0(1) 95.61(11)
O(4)#2-Mg(1)-0(8") 89.76(13) 0(9)-Mg(1)-0(1) 89.60(13)



0(9)-Mg(1)-0(8")
0(3)#1-Mg(1)-0(2)
0(4)#2-Mg(1)-0(2)

175.03(14) | O(8)-Mg(1)-O(1)
91.39(12) 0(2)-Mg(1)-0(1)

156.56(13)

85.53(13)
60.95(10)

Symmetry transformations used to generate equivalent atoms: #1 -x, -y+1, -z; #2 X, y-1, z; #3 X, y+1, z.

Table S5. The phosphorescence lifetime (t) of different compounds.

Aem (NM)
T;/ms T,/ms T3/ms Tay/MS
H;L 488 1.5(12.553) 6.6(34.977) 27(52.470) 16.7
1 463 5.6(11.015) 27(37.351) 87(51.634) 55.6
2 503 6.6(1.643) 35(33.770) 76(64.587) 61.0
3 497 4(9.540) 15(25.294) 48(65.166) 355
1-H 503 0.28(22.143) 1.6(43.549) 7.2(34.308) 32

Table S6. A comparison of the luminescence data of 1 before and after solvent exchange.

Aem (NM) T (ms) QY (%)
463 55.6 3.54
1-H 503 3.2 3.53
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Scheme S1. Synthesis of the H;L ligand.
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Figure S1. Electrospray ionization (a) and IR (b) spectra of the H;L ligand.
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Figure S2. The structure of 1. (a) The coordination environment of the Ca®* ion in 1; (b) The bridging mode of the HL>

ligand in 1; (¢) The configuration of the HL? ligand in 1.




Figure S3. One 2D layer formed through weak interactions in 1. Inter-belt m-m interactions and hydrogen bonds are

represented as dotted green and purple lines respectively.

Figure S4. The coordination environment of the binuclear Mg?* center in 3.
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Figure S5. PXRD results. (a) Experimental and simulated PXRD patterns of 1, and 1 being soaked in different solvents for
1h. (b) Experimental and simulated PXRD patterns of 2, and 2 being soaked in different solvents for 1h. (c) Experimental

and simulated PXRD patterns of 3, and 3 being soaked in different solvents for 1h.
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Figure S6. IR spectra of compounds 1-3.
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Figure S7. TGA curves of the compounds (a) 1, (b) 2 and (c) 3.
2 is stable before 130°C and lost its 24.63% weight at 130-383 °C, corresponding to the loss of 2.5 DMSO molecules (cal.
24.70%). After 383 °C, the material continuous lost its weight until 850 °C. Curve of 3 exhibits three distinct weight losses.
The first step (23.31 %) involves the loss of 2 DMSO solvent molecules in the temperature region of 30-209 °C (cal. 26.07
%). 3 lost the remaining 0.73 DMSO and 0.27 HCOOH molecules (% loss (obs.) =13.15%; %]loss (calc.) = 11.59% ) in the
second step (209-500°C). After 500°C, the material shows a striking weight loss, indicating the completed decomposition of

the structure.
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Figure S8. (a) The UV-Vis diffuse reflectance spectra of H;L, 1-H and 1-3. (b) The photos of 1 and 1-H under sunlight.
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Figure S9. Luminescence properties of the ligand. (a) Normalized prompt (red line) and delayed spectra (blue line). (b)

Time-resolved emission decay curve (the excitation and emission wavelengths are 254 and 488 nm, respectively) under

—— prompt
——delayed

0.8+

0.41

400 500 600 700

Wavelength(nm)

@488 nm 16.7 ms

50 100 150

Time(ms)

200

ambient conditions. (c) Photographs before and after turning off the 254 nm UV lamp.

(a) 3000

[we)
&
>
=]
1

10001

Intensity(a.u.)

Figure S10. The solid state emission spectra of the ligand under different excitation wavelength. (a) Prompt spectra. (b)

Delayed spectra .
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Figure S11. The solid state emission spectra of 1 under different excitation wavelength. (a) Prompt spectra. (b) Delayed

spectra .
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Figure S16. A comparison of luminescence spectra of initial 1 and 1 exposed to air for three hours (1-H). (a) Normalized

prompt spectra. (b) Normalized delayed spectra.
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Figure S21. Normalized prompt (black line) and delayed (red line) emission spectra of 1 heated at 190°C for 20min.
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Figure S22. Time-resolved emission decay curves of 1 under ambient conditions.
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Figure S23. A comparison of luminescence spectra of initial 2 and 2 exposed to air for three hours (2-H). (a) Normalized
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Figure S24. A comparison of luminescence spectra of initial 3 and 3 exposed to air for three hours (3-H). (a) Normalized

prompt spectra. (b) Normalized delayed spectra.
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Figure S25. Normalized prompt (a) and delayed (b) emission spectra of 1 after soaked in different solvents.
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Figure S26. Normalized prompt (a) and delayed (b) emission spectra of 2 after soaked in different solvents.
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Figure S27. Normalized prompt (a) and delayed (b) emission spectra of 3 after soaked in different solvents.
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Figure 28. Normalized prompt (a) and delayed (b) emission spectra of 1 upon exposure to different solvents vapors. (c)

Luminescence photographs of 1 after exposed in different solvents vapors before and after turning off the UV excitation.
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Figure 29. Normalized prompt (a) and delayed (b) emission spectra of 2 upon exposure to different solvents vapors. (c)

Luminescence photographs of 2 after exposed in different solvents vapors before and after turning off the UV excitation.
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Figure 30. Normalized prompt (a) and delayed (b) emission spectra of 3 upon exposure to different solvents vapors. (c)

Luminescence photographs of 3 after exposed in different solvents vapors before and after turning off the UV excitation.
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Figure S31. Normalized prompt (a) and delayed (b) emission spectra of 1 and 1 upon exposure to diethylamine vapor.
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Figure S32. Normalized prompt (a) and delayed (b) emission spectra of 1 and 1 upon exposure to acetic acid vapor.
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Figure S33. Normalized prompt (a) and delayed (b) emission spectra of 2 and 2 upon exposure to diethylamine vapor.
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Figure S34. Normalized prompt (a) and delayed (b) emission spectra of 2 and 2 upon exposure to acetic acid vapor.
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Figure S35. Normalized prompt (a) and delayed (b) emission spectra of 3 and 3 upon exposure to diethylamine vapor.
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Figure S36. Normalized prompt (a) and delayed (b) emission spectra of 3 and 3 upon exposure to acetic acid vapor.
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Figure S37. Normalized prompt (a) and delayed (b) emission spectra of Hs;L, H;L-H (H;L fumigated by water vapor) and

H;L-D (H;L-H fumigated by DMSO vapor).
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