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Table S1. Calculated cell parameters and cell volumes for M-DOBDC and M-HKUST-1 systems compared to

experiments.

3 Experiment
MOF Metal a(A) c(A) V (A% ") <A VA
Be 26.29 6.32 3780.72
Mg 26.12 6.93 4097.08 26.02* 6.72* 3940.75"
Ca 26.54 7.69 4690.18
Sr 26.13 8.08 4779.14
Sc 26.11 7.25 4280.02
Ti 26.39 6.99 4212.88
\Y; 26.07 6.97 4104.92
Cr 26.00 6.94 4064.92
DOBDC Mn 26.35 7.15 4297.38 26.232 7'O4§ :
Fe 26.36 6.88 4142.66 26.10 6.85 4041.30
Co 26.16 6.89 3967.10 26.11° 6.72*
Ni 25.89 6.79 3898.34 25.79° 6.77° 3898.34°
Cu 25.60 6.70 3806.73 26.00° 6.26° 3663.3°
Zn 26.17 6.92 4102.34 25.93' 6.83’
Mo 26.22 7.00 4168.57
Sn 26.62 7.19 4411.11
w 26.98 6.29 3964.40
Pb 26.65 8.05 4948.50
Be 25.42 16428.72
Mg 26.62 18853.14
Ca 27.36 20480.62
Sr 27.72 21309.72
Sc 26.62 18867.43
Ti 26.68 18992.96
\Y; 26.73 19091.71
Cr 26.70 19028.93 26.67° 18959.88°
HKUST- Mn 26.38 18352.21
1 Fe 26.35 18303.91
Co 26.21 18025.33
Ni 26.31 18219.00 26.59° 18808.57°
Cu 26.48 18572.70 26.34%° 18280.00"
Zn 26.82 19286.58 26.521 18651.79"
Mo 27.30 20337.12 27.13% 19966.47*
Sn 27.03 19741.74
W 27.19 20096.96
Pb 27.64 21106.10
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Table S2. Average calculated metal-oxygen bond lengths (in A) within M-DOBDC. In all cases the metal ion adopts
either a tetragonal or square pyramidal coordination to oxygen; a missing value for d(M-05) indicates that the
structure adopts a tetrahedral geometry.

MOFs Metal d(M-01) d(M-02) d(M-03) d(M-04) d(M-05)

Be 154 1.622 1.681 1.756
Mg 2.032 2.032 2.045 2.048 2.087
Ca 2.284 2.304 2.326 2.352 2.375
Sr 2.436 2.468 2.535 2.536 2.549
Sc 2.105 2.221 2.03 2.109 2.205
Ti 2.059 2.061 2.013 2.081 1.963
V; 2.033 2.059 2.102 2.025 2.07
cr 2.002 2.033 2.038 2.079
Mn 2.088 2.103 2.107 2.145 2.264

DOBDC Fe 2.045 2.072 2.074 2.128 2.156
Co 2.003 2.026 2.065 2.074 2.123
Ni 1.986 2.023 2.023 2.102 2.108
Cu 1.974 1.988 1.999 2.056
Zn 2.033 2.045 2.052 2.101 2.195
Mo 2.073 2.106 2.169 2.179 2.187
w 2.047 2.05 2.175 2.216 2.217
Sn 2.291 2.313 2.328 2.34
Pb 2.328 2.388 2.554 2.611 2.696

Table S3. Average calculated metal-oxygen and metal-metal bond lengths (in A) for M-HKUST-1. The SBUs in M-

HKUST-1s exhibit a paddle wheel geometry, with 4 metal-oxygen bonds and one metal-metal bond.

MOFs Metal d(M-01) d(M-02) d(M-03) d(M-04) d(M-M)
Be 1.738 1.738 1.73 1.73 2.469
Mg 2.008 2.008 2.008 2.008 2.937
Ca 2.254 2.254 2.254 2.254 3.61
Sr 241 2.41 241 2.41 3.895
Sc 2.079 2.079 2.079 2.079 3.151
Ti 1.973 1.973 1.973 1.973 2.872
; 2.037 2.037 2.037 2.037 1.97
Cr 1.99 1.99 1.99 1.99 2.086
Mn 1.936 1.936 1.936 1.936 2578
HKUST-1 Fe 1.925 1.925 1.925 1.925 2.201
Co 1.908 1.908 1.908 1.908 2.235
Ni 1.938 1.938 1.938 1.938 2.351
Cu 1.975 1.975 1.975 1.975 2.521
Zn 2.032 2.032 2.032 2.032 2.644
Mo 2.1 2.1 2.101 2.101 2.136
W 2.077 2.077 2077 2.077 2214
sn 2.265 2.265 2.293 2.293 4.199
Pb 2.38 2.38 2.379 2.379 4212
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Table S4. Tabulated ionic radii of +2 metal ions™® and electronegativity of the metal atoms™. Low spin
configurations refer to metals in M-DOBDC; high spin cases refer to M-HKUST-1.

Radii (A) Electro-
Metal Low spin High spin negativity
Be 0.45 1.57
Mg 0.72 1.31
Ca 1.00 1
Sr 1.18 0.95
Sc 1.36
Ti 0.86 1.54
V 0.79 1.63
Cr 0.73 0.80 1.66
Mn 0.67 0.83 1.55
Fe 0.61 0.78 1.83
Co 0.65 0.745 1.88
Ni 0.69 191
Cu 0.73 1.9
Zn 0.74 1.65
Mo 2.16
w 2.36
Sn 0.93" 1.96
Pb 1.19 2.33
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Table S5. Calculated bond lengths (A) and bond angles (°) involving the MOF metal site (M) and adsorbed CO,.
d(M-O) refers to the distance between the metal and the nearest oxygen in CO,; d(MO-CO) is the length of the O-C
bond (within CO,) closest to the metal; d(C-O) is the length of the O-C bond (within CO,) farthest from the
metal;<M-O-C is the angle formed by the metal and the nearest O and C in CO,; <O-C-0 is bending angle within
the CO, molecule.

MOF Metal d(M-0) d(MO-CO) d(C-0) <M-0O-C <0-C-O
Be 3.858 1.181 1.179 84.261 180.000
Mg 2.392 1.184 1.174 130.950 178.350
Ca 2.623 1.182 1.174 148.845 178.599
Sr 2.842 1.181 1.176 160.263 178.472
Sc 2.445 1.187 1.172 135.160 176.462
Ti 2.444 1.186 1.173 131.538 177.235
\ 2.340 1.185 1.173 133.553 177.738
Cr 3.286 1.182 1.179 110.796 180.000

M/DOBDC Mn 2.695 1.183 1.176 125.079 180.000
Fe 2.717 1.183 1.177 119.707 179.141
Co 2.812 1.183 1.177 115.950 179.053
Ni 2.617 1.183 1.176 120.292 179.016
Cu 3.228 1.181 1.179 109.914 180.000
Zn 2.867 1.183 1.177 115.937 178.883
Mo 2.528 1.185 1.174 128.753 178.437
w 2.450 1.187 1.173 132.420 178.262
Sn 4.007 1.180 1.180 84.521 180.000
Pb 3.402 1.182 1.178 131.434 180.000
Be 1.945 1.190 1.169 118.703 177.382
Mg 2221 1.191 1.168 117.588 177.245
Ca 2.624 1.188 1.170 111.801 177.425
Sr 2.861 1.187 1.172 108.801 177.576
Sc 2.096 1.290 1.204 88.769 140.807
Ti 2.686 1.189 1.172 111.964 180.000
\Y% 2.772 1.186 1.174 110.961 180.000
Cr 3.149 1.182 1.177 101.390 180.000

M/HKUST-1 Mn 3.106 1.182 1.177 100.034 180.000
Fe 3.282 1.180 1.179 96.000 180.000
Co 2.584 1.185 1.175 112.243 180.000
Ni 2.731 1.184 1.176 107.581 180.000
Cu 2.769 1.184 1.176 106.633 180.000
Zn 2.384 1.188 1.171 116.371 178.106
Mo 3.340 1.182 1.178 100.457 180.000
w 3.127 1.184 1.176 105.326 180.000
Sn 3.811 1.177 1.181 79.773 180.000
Pb 3.840 1.182 1.178 73.975 180.000
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Table S6. Calculated binding energies (AE) at OK, zero point energies (ZPE), thermal energy contributions (TE) at 300K, and adsorption enthalpies (AH) at
300K for M-DOBDC and M-HKUST-1 within the LDA, PBE-GGA, DFT-D2 and revPBE-vdW methods. All energies are given in kdJ/mol CO,. rPBE-vdW is
shorthand for revPBE-vdW

AE (kJ/mol) ZPE (kJ/mol) TE (kJ/mol) AH (kJ/mol) Exp
LDA PBE DFT-D2 rPBE-vdW DFT-D2 rPBE-vdW DFT-D2 rPBE-vdW DFT-D2 rPBE-vdW
Be -20.62 -0.71 -19.49 -34.01 2.88 1.38 1.04 0.82 -15.57 -31.81
Mg -52.30 -27.06 -42.31 -50.89 2.36 2.15 1.40 1.53 -38.55 -47.20 -44.2+4.6
Ca -48.28 -28.67 -39.87 -50.21 2.30 2.03 1.44 1.93 -36.13 -46.26
Sr -41.67 -25.50 -34.36 -46.88 2.64 1.35 1.35 0.91 -30.37 -44.63
Sc -21.03 -43.85 -53.92 0.24 0.84 1.82 1.53 -41.79 -51.54
Ti -69.16 -26.02 -51.23 -56.15 2.40 2.25 0.98 1.22 -47.85 -52.69
V -52.61 -29.63 -54.13 -57.49 2.88 2.92 -0.94 111 -52.18 -53.46
Cr -36.41 -10.94 -19.14 -36.68 1.73 1.53 -0.02 2.30 -17.43 -32.85
M-DOBDC Mn -37.06 -16.55 -28.56 -39.12 0.56 1.27 -0.91 0.59 -28.91 -37.25
Fe -35.23 -9.54 -25.19 -33.67 2.55 1.27 -0.94 -0.01 -23.58 -32.40
Co -39.38 -14.68 -29.88 -39.32 1.67 1.56 -0.73 0.52 -28.95 -37.24 -35.7£1.9
Ni -17.05 -33.62 -41.22 3.81 1.68 0.47 1.82 -29.35 -37.72 -39.6+1.5
Cu -30.70 -9.10 -19.14 -27.17 3.37 2.07 0.12 -0.04 -15.65 -25.14 -24
Zn -40.87 -16.51 -30.53 -40.99 1.16 1.52 -0.10 2.89 -29.47 -36.59 30.5+0.5
Mo -72.22 -29.32 -48.78 -50.05 1.27 3.05 0.24 1.08 -47.27 -45.93
W -72.37 -31.11 -44.68 -48.92 1.71 2.95 1.40 0.85 -41.58 -45.12
Sn -26.23 -7.52 -17.56 -26.95 3.82 1.43 -0.44 0.46 -14.18 -25.06
Pb -26.09 -7.33 -13.14 -28.17 2.44 1.77 1.31 0.78 -9.39 -25.62
Be -61.63 -29.04 -43.68 -48.09 2.34 3.12 0.04 -2.54 -41.30 -47.51
Mg -59.50 -35.37 -52.27 -57.12 3.84 2.29 1.46 -1.32 -46.96 -56.14
Ca -48.79 -25.15 -50.58 -51.41 2.71 1.80 -2.18 -1.69 -50.06 -51.30
Sr -45.26 -20.85 -52.65 -51.78 2.88 7.70 3.92 -0.98 -45.85 -45.06
Sc -57.40 -31.91 -42.91 -47.81 1.31 0.85 -2.02 2.16 -43.62 -44.80
Ti -42.32 -13.59 -27.87 -29.90 0.33 1.61 -3.36 -2.33 -30.90 -30.62
V -29.98 -2.81 -17.83 -18.72 0.08 1.22 -5.67 -0.40 -23.42 -17.89
Cr -27.13 -7.59 -21.32 -24.85 2.39 2.01 -1.52 0.76 -20.44 -22.08 -26.7
M-HKUST-1 Mn -26.10 -5.80 -21.14 -25.68 4.49 1.21 -4.22 -1.93 -20.87 -26.40
Fe -30.47 -4.93 -19.95 -25.76 6.51 0.68 1.47 -1.44 -11.97 -26.52
Co -43.66 -11.92 -26.37 -30.36 1.73 2.17 2.46 -0.72 -22.19 -28.91
Ni -20.46 -9.59 -23.50 -28.45 0.90 1.09 -1.05 -4.95 -23.65 -32.31 -36.8
Cu -31.49 -8.93 -22.56 -27.32 4.81 0.94 -0.08 -4.09 -17.83 -30.47 -23.7+8.2
Zn -55.56 -25.37 -38.67 -41.08 2.64 3.58 1.65 0.94 -34.38 -36.56
Mo -25.96 -6.40 -22.03 -25.55 1.88 1.35 2.65 -2.21 -17.50 -26.41 -25.6
W -26.32 -5.94 -21.48 -22.40 9.45 0.85 -3.90 2.16 -15.93 -19.39
Sn -20.94 1.69 -9.04 -21.01 -2.33 1.61 -2.69 -2.33 -14.06 -21.74
Pb -3.72 4.44 -7.31 -10.15 4.09 1.22 -1.86 -0.40 -5.07 -9.33
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Table S7. Change in the metal atom’s (Aqy) and CO, molecule’s partial charge (Aqcop) Upon CO, adsorption. Aq <0
indicates a reduction in positive charge.

metal DOBDC HKUST-1
Aqm Aqcoz Agqm Aqco?
Sc 0.160 0.007 0.221 -0.314
Ti -0.398 0.039 0.141 -0.002
\Y -0.204 0.031 0.422 0.002
Cr 0.057 -0.037 0.055 0.001
Mn 0.171 -0.015 0.095 -0.001
Fe -0.042 -0.019 0.062 0.000
Co 0.042 -0.021 -0.035 0.010
Ni -0.035 -0.003 0.021 0.006
Cu 0.044 -0.016 0.117 0.006
Zn 0.072 -0.024 -0.140 0.051
Mo -0.264 0.044 0.059 -0.006
w -0.075 0.056 0.083 -0.003
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Figure S1. tran-configuration of CO2 molecules in Cu-HKUST-1. (red = Oxygen, black = Carbon, blue = copper)

-9
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Figure S2. Calculated local geometries for the M-DOBDC SBU; for clarity, only a portion of the infinite SBU chain
is included. Oxygen atoms are red, other colors represent metals. Numbers following the element name indicate the
coordination of the metal site. Clusters highlighted in red (Be, Cr, Cu, Sn) exhibit tetrahedral bonding of the metal
ions; yellow highlighting (Pb) indicates the presence of other significant structural distortions.
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Figure S3. Calculated local geometries for the M-HKUST-1 SBU. Oxygen atoms are red, carbon is black, and other
colors represent metals. Clusters highlighted in yellow (Ca, Sr, Sn, Pb) exhibit large distortions to the paddle-wheel
structure.
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Figure S4. Charge density difference plots for M-DOBDC. Red and yellow indicate charge accumulation; blue
indicates charge depletion. For clarity, only the CO, molecule, the metal, and the metal’s nearest-neighbor oxygen
atoms are illustrated.
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Figure S5. Charge density difference plots for M-HKUST-1. Red and yellow indicate charge accumulation; blue
indicates charge depletion. For clarity, only the CO, molecules and atoms from the paddle-wheel SBU are illustrated.
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Figure S6. CO, and metal LDOS for M-DOBDC. (Be, Mg, Ca, Sr, Sc, Ti, V, Cr, and Mn)
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Figure S7. Figure S7. CO, and metal LDOS for M-DOBDC. (Fe, Co, Ni, Cu, Zn, Mo, W, Sn, and Pb)
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Figure S8. CO, and metal LDOS for M-HKSUT-1. (Be, Mg, Ca, Sr, Sc, Ti, V, Cr, and Mn)
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Figure S9. CO, and metal LDOS for M-HKSUT-1. (Fe, Co, Ni, Cu, Zn, Mo, W, Sn, and Pb)
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Figure S10. DOS projected to the metal site for transition metals in M-DOBDC and M-HKUST-1.
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Comment regarding the geometries and energetics for M = Sn and Pb

Sn protrudes from Sn-DOBDC and Sn-HKUST-1 in a similar fashion; consequently the binding energies
of these MOFs are similar. The smaller protrusion of Sn in Sn-DOBDC allows CO, to simultaneously
interact with the ligand (carboxyl group) to give stronger binding than Sn-HKUST-1. Moreover, larger
protrusion of Sn from the MOF framework results in a slight change to the CO, binding mode
incorporating multiple-site ligand-CO, interactions or CO,-CO, interactions. In Sn-DOBDC, CO; is
closer to the carboxyl group and is complexed through its O atom to the C (carboxyl), witha C
(carboxyl)-Oco; distance of 3.562 A. This is smaller than the Sn-Oco, distance of 4.007 A (table S5). In
Sn-HKUST-1, the CO,-CO; interaction influences the adsorption process. This is suggested by the shorter
Cco2-Ocop distance, 3.177 A, compared to the metal-CO, distances. This results in a change to the CO,
orientation where Cco, rather than Ocoy is closer to the metal. The Sn-Cco, and Sn-Oco, distances are,
respectively, 3.783 and 3.811 A. Thus the four-fold CUS site in Sn-DOBDC and Sn-HKUST-1influences
CO, adsorption somewhat differently than in other metals. Behavior similar to the Sn-based compounds is
found for Pb-DOBDC and Pb-HKUST-1.
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