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Figure S1. 1H and 13C NMR spectra for (a) (S,S)-TBA and (b) (R,R)-TBA.
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Figure S2. Ball-and-stick models of R1 (left) and S1 (right) in the bc-plane.
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Figure S3. SEM-EDX data for R1 and S1.
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Figure S4. Calculated and experimental powder X-ray diffraction patterns for R1 and S1.
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Figure S5. Infrared spectra for R1, S1, (R,R)-TBA, and (S,S)-TBA.
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Figure S6. Thermogravimetric analysis diagrams and PXRD data at different temperatures 
for R1 and S1.
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Figure S7. UV-vis spectra for R1, S1, (R,R)-TBA, and (S,S)-TBA.
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Figure S8. Partial density of state (PDOS) calculations of (a) R1 and (b) S1. The Fermi level 
is represented at 0 eV.
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Figure S9. Gas adsorption isotherms of N2 (blue) and CO2 (red) on S1 and PXRD patterns 
for S1 after the degassing process.



S14

Figure S10. PXRD patterns after immersion into the (a) H2SO4 (pH = 0) and (b) KOH (pH = 
14) solutions.



S15

Figure S11. UV-vis spectra of CR dye solutions and adsorption maximum capacity (qmax). 
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Figure S12. Congo red (CR), indigo carmine (IC), methyl orange (MO), and rhodamine B 
(RhB) structure and ball-and-stick model (light yellow, Na+; green, Cl-; black, C; blue, N; red, 
O; yellow, S; white, H). 

Name Structure Ball-and-stick model

CR

IC

MO

RhB
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Figure S13. UV-vis spectra of (a) MO, (b) RhB, and (c) IC dye solutions. 

Figure S14. UV-vis spectra for CR solutions (a) at various particle sizes, (b) at pH 2, 3, and 
(c) 4, 5, 7, and 11. 
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Table S1. Bond lengths [Å] and angles [°] for R1.

Selected bond distances (Å)
Pb(1)–O(2)#1 2.495(7) N(1)–C(3) 1.339(10)
Pb(1)–O(2) 2.518(7) N(2)–C(1) 1.359(11)
Pb(1)–O(1) 2.558(8) N(2)–C(2) 1.373(12)
Pb(1)–O(5) 2.597(8) N(3)–C(3) 1.343(10)
Pb(1)–O(3) 2.606(10) N(3)–C(2) 1.352(11)

Pb(1)–O(1)#2 2.697(8) N(4)–C(3) 1.363(11)
Pb(1)–O(4) 2.795(10) N(4)–C(4) 1.453(11)
O(1)–C(8) 1.233(11) N(5)–C(1) 1.325(11)
O(2)–C(8) 1.239(10) N(5)–C(5) 1.460(11)
O(3)–C(9) 1.248(13) C(4)–C(6) 1.520(14)
O(4)–C(9) 1.241(13) C(4)–C(8) 1.531(11)
O(6)–C(2) 1.242(12) C(5)–C(7) 1.491(14)
N(1)–C(1) 1.334(11) C(5)–C(9) 1.513(13)

Selected bond angle (°)
O(2)#1–Pb(1)–O(2) 114.31(15) C(9)–O(4)–Pb(1) 87.1(6)
O(2)#1–Pb(1)–O(1) 66.7(2) C(1)–N(1)–C(3) 114.8(7)
O(2)–Pb(1)–O(1) 49.9(2) C(1)–N(2)–C(2) 121.3(7)

O(2)#1–Pb(1)–O(5) 76.7(2) C(3)–N(3)–C(2) 116.3(7)
O(2)–Pb(1)–O(5) 76.6(2) C(3)–N(4)–C(4) 122.8(7)
O(1)–Pb(1)–O(5) 79.2(3) C(1)–N(5)–C(5) 122.3(7)

O(2)#1–Pb(1)–O(3) 77.3(2) N(5)–C(1)–N(1) 119.9(8)
O(2)–Pb(1)–O(3) 94.0(3) N(5)–C(1)–N(2) 118.9(8)
O(1)–Pb(1)–O(3) 69.8(3) N(1)–C(1)–N(2) 121.2(8)
O(5)–Pb(1)–O(3) 145.5(3) O(6)–C(2)–N(3) 122.7(8)

O(2)#1–Pb(1)–O(1)#2 151.7(3) O(6)–C(2)–N(2) 118.9(8)
O(2)–Pb(1)–O(1)#2 64.3(2) N(3)–C(2)–N(2) 118.4(8)
O(1)–Pb(1)–O(1)#2 113.13(19) N(1)–C(3)–N(3) 127.7(7)
O(5)–Pb(1)–O(1)#2 75.6(3) N(1)–C(3)–N(4) 116.5(7)
O(3)–Pb(1)–O(1)#2 130.3(3) N(3)–C(3)–N(4) 115.8(7)
O(2)#1–Pb(1)–O(4) 124.9(2) N(4)–C(4)–C(6) 113.8(8)
O(2)–Pb(1)–O(4) 71.6(2) N(4)–C(4)–C(8) 112.0(7)
O(1)–Pb(1)–O(4) 87.1(3) C(6)–C(4)–C(8) 112.2(8)
O(5)–Pb(1)–O(4) 147.0(3) N(5)–C(5)–C(7) 109.4(9)
O(3)–Pb(1)–O(4) 47.7(2) N(5)–C(5)–C(9) 112.2(8)

O(1)#2–Pb(1)–O(4) 82.6(3) C(7)–C(5)–C(9) 111.8(9)
C(8)–O(1)–Pb(1) 94.0(5) O(1)–C(8)–O(2) 120.2(7)

C(8)–O(1)–Pb(1)#1 150.0(7) O(1)–C(8)–C(4) 119.0(8)
Pb(1)–O(1)–Pb(1)#1 110.3(3) O(2)–C(8)–C(4) 120.6(7)
C(8)–O(2)–Pb(1)#2 144.6(6) O(4)–C(9)–O(3) 123.5(9)
C(8)–O(2)–Pb(1) 95.8(5) O(4)–C(9)–C(5) 121.0(9)

Pb(1)#2–O(2)–Pb(1) 118.7(3) O(3)–C(9)–C(5) 115.5(9)
C(9)–O(3)–Pb(1) 95.8(7)

Symmetry operation : #1 x–1/2,–y+1/2,–z+1    #2 x+1/2,–y+1/2,–z+1
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Table S2. Bond lengths [Å] and angles [°] for S1.

Selected bond distances (Å)
Pb(1)–O(1)#1 2.516(7) N(1)–C(3) 1.344(13)
Pb(1)–O(1) 2.532(8) N(2)–C(1) 1.368(12)
Pb(1)–O(2) 2.575(8) N(2)–C(2) 1.388(13)
Pb(1)–O(5) 2.599(9) N(3)–C(2) 1.353(13)
Pb(1)–O(4) 2.617(11) N(3)–C(3) 1.361(12)

Pb(1)–O(2)#2 2.713(8) N(4)–C(3) 1.378(13)
Pb(1)–O(3) 2.774(10) N(4)–C(4) 1.461(12)
O(1)–C(8) 1.255(12) N(5)–C(1) 1.326(13)
O(2)–C(8) 1.242(12) N(5)–C(5) 1.457(13)
O(3)–C(9) 1.249(15) C(4)–C(8) 1.516(13)
O(4)–C(9) 1.249(14) C(4)–C(6) 1.549(15)
O(6)–C(2) 1.250(13) C(5)–C(7) 1.507(17)
N(1)–C(1) 1.328(13) C(5)–C(9) 1.553(15)

Selected bond angle (°)
O(1)#1–Pb(1)–O(1) 114.23(16) C(9)–O(4)–Pb(1) 94.8(7)
O(1)#1–Pb(1)–O(2) 66.5(2) C(1)–N(1)–C(3) 115.4(8)
O(1)–Pb(1)–O(2) 49.9(2) C(1)–N(2)–C(2) 120.7(9)

O(1)#1–Pb(1)–O(5) 76.5(3) C(2)–N(3)–C(3) 116.2(9)
O(1)–Pb(1)–O(5) 76.9(3) C(3)–N(4)–C(4) 122.6(9)
O(2)–Pb(1)–O(5) 79.1(3) C(1)–N(5)–C(5) 122.0(9)

O(1)#1–Pb(1)–O(4) 77.5(3) N(5)–C(1)–N(1) 120.4(9)
O(1)–Pb(1)–O(4) 94.0(3) N(5)–C(1)–N(2) 118.1(9)
O(2)–Pb(1)–O(4) 70.2(3) N(1)–C(1)–N(2) 121.5(9)
O(5)–Pb(1)–O(4) 145.7(3) O(6)–C(2)–N(3) 122.6(10)

O(1)#1–Pb(1)–O(2)#2 151.9(3) O(6)–C(2)–N(2) 118.7(10)
O(1)–Pb(1)–O(2)#2 64.2(2) N(3)–C(2)–N(2) 118.7(9)
O(2)–Pb(1)–O(2)#2 113.07(19) N(1)–C(3)–N(3) 127.1(9)
O(5)–Pb(1)–O(2)#2 75.9(3) N(1)–C(3)–N(4) 117.7(8)
O(4)–Pb(1)–O(2)#2 130.0(3) N(3)–C(3)–N(4) 115.2(9)
O(1)#1–Pb(1)–O(3) 125.5(2) N(4)–C(4)–C(8) 113.2(8)
O(1)–Pb(1)–O(3) 71.5(3) N(4)–C(4)–C(6) 111.9(9)
O(2)–Pb(1)–O(3) 87.8(3) C(8)–C(4)–C(6) 112.5(10)
O(5)–Pb(1)–O(3) 147.0(3) N(5)–C(5)–C(7) 110.4(10)
O(4)–Pb(1)–O(3) 48.2(2) N(5)–C(5)–C(9) 112.1(9)

O(2)#2–Pb(1)–O(3) 81.8(3) C(7)–C(5)–C(9) 111.6(10)
C(8)–O(1)–Pb(1)#2 144.0(7) O(2)–C(8)–O(1) 119.4(8)
C(8)–O(1)–Pb(1) 96.1(6) O(2)–C(8)–C(4) 119.8(9)

Pb(1)#2–O(1)–Pb(1) 118.8(3) O(1)–C(8)–C(4) 120.6(9)
C(8)–O(2)–Pb(1) 94.4(6) O(4)–C(9)–O(3) 124.1(10)

C(8)–O(2)–Pb(1)#1 149.8(8) O(4)–C(9)–C(5) 115.0(11)
Pb(1)–O(2)–Pb(1)#1 110.5(3) O(3)–C(9)–C(5) 120.9(11)

C(9)–O(3)–Pb(1) 87.5(7)
Symmetry operation : #1 x–1/2,–y+3/2,–z+1; #2 x+1/2,–y+3/2,–z+1
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Table S3. Hydrogen bond distances for R1 and S1.

Hydrogen bond distances (Å)
Name D–H∙∙∙A d(H∙∙∙A) d(D∙∙∙A)

O(5)–H(5D)∙∙∙O(4)#1 1.95(8) 2.849(12)
O(5)–H(5C)∙∙∙O(3)#2 2.09 2.818(12)
N(2)–H(2)∙∙∙N(3)#3 2.09 2.859(10)
N(5)–H(5)∙∙∙O(6)#3 2.07 2.921(10)

R1

N(4)–H(4)∙∙∙O(6)#4 2.29 2.993(10)
Symmetry operation : #1 x-1/2,-y+1/2,-z+1; #2 x+1/2,-y+1/2,-z+1; #3 -x+1,y+1/2,-z+1/2; #4 -x+1,y-1/2,-z+1/2

Hydrogen bond distances (Å)
Name D–H∙∙∙A d(H∙∙∙A) d(D∙∙∙A)

O(5)–H(5C)∙∙∙O(3)#1 1.92(5) 2.864(13)
O(5)–H(5D)∙∙∙O(4)#2 2.22(11) 2.860(13)
N(2)–H(2)∙∙∙N(3)#3 2.03 2.890(12)
N(5)–H(5)∙∙∙O(6)#3 2.09 2.952(13)

S1

N(4)–H(4)∙∙∙O(6)#4 2.29 3.013(12)
Symmetry operation : #1 x-1/2,-y+3/2,-z+1; #2 x+1/2,-y+3/2,-z+1; #3 -x+1,y-1/2,-z+1/2; #4 -x+1,y+1/2,-z+1/2
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Table S4. Maximum adsorption capacity for CR on various adsorbents.

Adsorbents (MOFs) qmax (mg g-1) Surface area (m2 g-1) a Ref.
[Pb((S,S)-TBA)(H2O)] ·1.7H2O 138.57 10.55 This work

Zn-TDPAT 16.72 X [1]
Fe3O4@SiO2@Zn-TDPAT 17.73 X [1]

[Zn(BDC)(TIB)]·3H2O 60.2 X [2]
ZIF-8@CoFe2O4 64.48 918.9 [3]

Co-BDC (MOF-4) 64.56 0.9113 [4]
TMU-4 72 518 [5]

Cu-BDC (MOF-3) 77.05 89.9110 [4]
TMU-9 92 X [6]

In-MOFs-2 92.29 7.3480 [7]
AlF 93.45 973.39 [8]

TMU-34 94 540 [5]
GO/In-MOFs-2 96.72 10.8585 [7]

TMU-8 97.3 X [6]
AlF-GO 102.04 917.79 [8]

In-MOFs-1 103.54 21.1983 [7]
GO/In-MOFs-1 108.54 14.3261 [7]
SALE-TMU-34 112 720 [5]

Cu-BTC (MOF-1) 120.15 32.0708 [4]
Co-BTC (MOF-2) 129.95 7.7682 [4]
USALE-TMU-34 138 830 [5]

AlF-rGO 178.57 951.88 [8]
ZIF-67@C-MOF-74 180 753 [9]

[Ni2F2(4,4′-bipy)2(H2O)2][VO3]2·8H2O 242.1 X [10]
TFMOF 252.25 89.9 [11]
UiO-66 283 1358 [12]

In-TATAB 299 623 [13]
Fe3O4@ZTB-1 458 X [14]
SCNU-Z1-Cl 585 1636 [15]
UiO-66-2.7Ti 607 929 [12]

Cu-BTC-b 884.96 1119.7 [16]
Ni-MOFs 2046 59.8 [17]
GO/MOF 2489 69.6 [17]

a X : not measured surface area.
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Table S5. Zeta potential values for S1 under the various pH conditions.

pH 2 pH 3 pH 4 pH 7 pH 11
Zeta potential 

(mV)
11.5 9.34 9.11 2.59 -18.3

Table S6. pH value of aqueous H2SO4 solutions before and after immersion.

H2SO4 pH values

Before immersion 2.60 3.35

After immersion 3.41 3.53

The pH values of each solution were adjusted using H2SO4. The well ground samples for S1 

were immersed into aqueous H2SO4 solutions at room temperature for 24 h. We investigated 

the pH value of the aqueous H2SO4 solutions before and after immersion of S1 at pH 2.60 and 

3.35, respectively (Table S6). The pH values were measured using a pH meter.

If the pH < 3, the pH values of the H2SO4 supernatant are greater than that of the solution in 

the absence of S1, which might be attributed to the protonation within the framework (Table 

S6). The SO4
2- exist as counter anions to maintain the charge balance with the acidic cationic 

framework. The elemental analysis and infrared spectra clearly confirm the existence of S 

and the stretching vibration of SO4
2-, respectively, for S1 soaked in aqueous H2SO4 solution 

(Table S7, Figure S14).18, 19 As a result, the molecular structure of CR still exists as an anion 

because the pH value is higher than the isoelectric point of CR.
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Table S7. Elemental analysis of S1 and S1 immersed in H2SO4.

C H N S

Calculated 20.59 3.15 13.34 -

Before immersion 20.61 2.93 13.22 -

After immersion 19.77 2.96 12.63 0.67

Figure S15. Infrared spectra for S1 and S1 immersed in H2SO4. 
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