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I. MOF-74-M LATTICE CONSTANTS AND OTHER QUANTITIES

TABLE I. Computed lattice constants a and c (in Å) and volume V (in Å3). Atomic numbers Z and Bader charges
QM (in units of e) at the metal sites M are also reported. Experimental and computational data is reported in
parenthesis where available.

M Z a c V QM

Be 4 25.655 6.663 3797.877 1.6

Mg 12 26.084 (25.881)a,1 6.863 (6.878) 4043.947 (3990.357) 1.5

Al 13 25.402 6.565 3668.630 2.6

Ca 20 25.454 (26.759)b,2 7.591 (7.682) 4259.190 (4763.703) 1.5

Sc 21 23.675 (24.342)b,2 7.334 (7.247) 3559.960 (3718.993) 1.9

Ti 22 23.669 (26.477)b,2 7.210 (6.927) 3498.429 (4205.462) 1.8

V 23 25.254 (25.933)b,2 7.000 (6.943) 3868.982 (4043.558) 1.6

Cr 24 26.171 (26.329)b,2 6.525 (6.607) 3870.148 (3966.526) 1.5

Mn 25 26.242 (26.230)a,3 7.082 (7.035) 4223.524 (4191.711) 1.4

Fe 26 26.010 (26.098)a,4 6.711 (6.851) 3931.742 (4041.3) 1.3

Co 27 26.078 6.872 4047.173 1.3

Ni 28 25.688 (25.786)a,5 6.188 (6.770) 3536.291 (3898.3) 1.1

Cu 29 26.271 6.138 3668.332 0.8

Zn 30 26.142 (25.932)b,6 6.875 (6.836) 4068.779 (3981.5) 1.2

Sr 38 26.683 6.710 4137.427 1.6

Zr 40 23.455 7.530 3587.630 2.0

Nb 41 27.031 6.414 4058.779 1.4

Ru 44 27.061 6.119 3880.592 1.3

Rh 45 25.833 6.804 3932.355 1.3

Pd 46 26.570 6.432 3932.482 1.1

La 57 26.672 6.431 3962.091 2.2

W 74 26.960 6.177 3888.314 1.6

Os 76 26.480 4.977 3022.272 1.8

Ir 77 26.020 6.796 3984.552 1.2

Pt 78 26.560 6.511 3977.779 1.2
aExperimental data.
bComputational data GGA+D Grimme.
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II. SIMULATED X-RAY POWDER DIFFRACTION SPECTRA

Figures 1, 2, 3, and 4 depict the simulated X-ray powder di↵raction patterns of the four MOF-74-M with
M = Pd, Os, Ir, and Pr, relevant for their future synthesis.
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FIG. 1. X-ray powder di↵raction pattern for MOF-74-Pd, using a Cu K source.
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FIG. 2. X-ray powder di↵raction pattern for MOF-74-Os, using a Cu K source.
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FIG. 3. X-ray powder di↵raction pattern for MOF-74-Ir, using a Cu K source.
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FIG. 4. X-ray powder di↵raction pattern for MOF-74-Pt, using a Cu K source.
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III. LATTICE PARAMETERS, INTERATOMIC DISTANCES, ADSORPTION ENERGIES,
AND ADSORPTION-ENERGY CONTRIBUTIONS

Table II reports the calculated lattice parameters, relevant atomic distances, adsorption energies, and relevant
adsorption-energy contributions for MOF-74-M with M = Be, Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Sr, Zr, Nb, Ru, Rh, Pd, La, W, Os, Ir, and Pt. In Table III we compare our computed data with
available experimental and computational data.
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Figure 5 shows the molecular aggregation found after full relaxation of MOF-74-M with M = Be, Ca, Cr,
and Os, once CO2 molecules are adsorbed in the nano-pore. The atom arrangement shown in Fig. 5 clearly
demonstrates that the metal ions are not exposed in the pore anymore, inducing a progressive desorption of
the adsorbates, which are now agglomerated in the middle of the channel.

FIG. 5. CO2 absorbed in MOF-74-M with M = Be, Ca, Cr, and Os. Bond lengths (in Å), depicted as dashed lines,
refer to the case of MOF-74-Be, but are comparable to the other cases.
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Figure 6 clearly shows the chemi-adsorption of CO2 in MOF-74-Al, in which the oxygen of the adsorbate
engages the Al species, whereas the C atom of CO2 establishes a strong interaction with the C atoms of the
benzene rings (i.e. the linkers). Note that the strong interaction of the C atom of CO2 with the C atoms of
the benzene rings disrupts the typical linear symmetry of CO2.

FIG. 6. MOF-74-Al with CO2 adsorbed at all metal sites. Notice the strong deviation of the bound CO2 from its
typical linear structure.
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A strong chemi-adsorption is also observed for MOF-74-La in Fig. 7. From this figure we see that CO2 is
tightly bound via its oxygen atoms to the La species, introducing a significant structural reconstruction.

FIG. 7. MOF-74-La with CO2 adsorbed between all metal sites.
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IV. DENSITY OF STATES FOR SELECTED CASES OF WATER IN MOF-74-M

Figures 8, 9, 10, 11, and 12 depict the projected density of states (pDOS) of the relevant atoms involved in
the chemi-absorption of H2O in MOF-74-Sc, -Al, -V, -Nb, and -La. In each figure we report only the pDOS
of the O and H atoms of H2O, O, and the metal species of MOF-74-M; other atoms are removed for the
sake of clarity. Metal states dominate at the Fermi energies of MOF-74-V, -Nb, and -W, as can bee seen in
Figs. 10, 11, and 12, demonstrating the metallic nature of some of these materials.

-12 -10 -8 -6 -4 -2 0

-12 -10 -8 -6 -4 -2 0
Energy [eV] 

Sc MOF
O H2O
H H2O
O MOF

H2O (g)

MOF-74-Sc

MOF-74-Sc + H2O

FIG. 8. pDOS for MOF-74-Sc with H2O, MOF-74-Sc, and H2O in gas phase. Energies are given in eV with respect
to the top of the valence band. Note that up- and down-states are added together.
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-12 -10 -8 -6 -4 -2 0

-12 -10 -8 -6 -4 -2 0
Energy [eV] 

Al MOF
H H2O
O H2O
O MOF

H2O (g)

MOF-74-Al

MOF-74-Al + H2O

FIG. 9. As in Fig. 8, but here for MOF-74-Al.

-12 -10 -8 -6 -4 -2 0

-12 -10 -8 -6 -4 -2 0
Energy [eV] 

V MOF
H H2O
O H2O
O MOF

H2O (g)

MOF-74-V

MOF-74-V + H2O

FIG. 10. As in Fig. 8, but here for MOF-74-V.
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H H2O
O H2O
O MOF

H2O (g)

MOF-74-Nb

MOF-74-Nb + H2O

FIG. 11. As in Fig. 8, but here for MOF-74-Nb.
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W MOF
H H2O
O H2O
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FIG. 12. As in Fig. 8, but here for MOF-74-W.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013



14

1 H. Wu, W. Zhou, and T. Yildirim, J. Am. Chem. Soc. 131, 4995 (2009).
2 J. Park, H. Kim, S. S. Han, and Y. Jung, J. Phys. Chem. Lett. 3, 826 (2012).
3 W. Zhou, H. Wu, and T. Yildirim, J. Am. Chem. Soc. 46, 15268 (2008).
4 E. D. Bloch, W. L. Queen, R. Krishna, C. M. Zadrozny, Brown, and J. R. Long, Science 335, 1606 (2012).
5 P. D. C. Dietzel, B. Panella, M. Hirsher, R. Blom, and H. Fjellv̊ag, Chem. Commun. 9, 959 (2006).
6 N. L. Rosi, J. Kim, C. B. Eddaoudi, M. O‘Kee↵e, and O. M. Yaghi, J. Am. Chem. Soc. 1504, 127 (2005).
7 E. L. Queen, C. M. Brown, D. K. Britt, P. Zajdel, M. R. Hudson, and O. M. Yaghi, J. Phys. Chem. C 115, 24915
(2011).

8 D. K. Britt, H. Furukawa, B. Wang, T. G. Glover, and O. M. Yaghi, Proc. Nat. Acad. Sci. USA 106, 20637 (2009).
9 A. J. Kennedy and L. Valenzano, Prep. Pap.-Am. Chem. Soc., Div. Fuel Chem. 57, 913 (2012).

10 P. D. C. Dietzel, R. E. Johnsen, H. Fjellv̊ag, S. Bordiga, E. Groppo, S. Chavan, and R. Blom, Chem. Commun.
46, 5125 (2008).

11 L. Valenzano, B. Civalleri, S. Chavan, G. T. Palomino, C. O. Areán, and S. Bordiga, J. Phys. Chem. C 114, 11185
(2010).

12 Y. Liu, C. Kabbour, C. Brown, D. A. Neumann, and C. C. Ahn, Langmuir 24, 4772 (2008).

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013


