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Experimental Section: 

Synthesis of PCN-12: A mixture of 5,5′-methylene-diisophthalic acid (H4mdip) (0.01 g, 

2.9×10-5 mol) and Cu(NO3)2·2.5H2O (0.025 g, 1.07×10-4 mol) in 1.5 mL DMA was sealed in 

a Pyrex tube under vacuum and heated at a constant rate of 1 °C/min to 85 °C, kept at that 

temperature for 2 days, and cooled to room temperature at a constant rate of 0.1 °C/min.  

The resulting dark-blue block-shaped crystals were washed with DMA several times to yield 

pure PCN-12 with a formula of Cu6(Cs-mdip)2(C2v-mdip)(H2O)6·3DMA·6H2O (0.008 g, yield: 

43%). Elemental analysis (%) calculated for PCN-12: C 40.26, H 4.02, N 2.23; found: C 

40.61, H 4.05, N 2.04. 

Synthesis of PCN-12′: The procedure is similar to that of PCN-12 except that DMSO was 

used in place of DMA and the reaction temperature was 120 °C. The resulting dark-blue 

block-shaped crystals were washed with DMSO several times to give PCN-12′ with a 

formula of Cu2(C2v-mdip)(H2O)2·3DMSO (0.015 g, yield: 70%). Elemental analysis (%) 

calculated for PCN-12′: C 37.43, H 4.06; found: C 36.64, H 3.95. 

X-ray structure determination of PCN-12. 

PCN-12 grows as blue-colored cubes up to 200 microns in size.  Diffraction data 

collected on laboratory sources indexed cleanly as a body-centered cubic crystal with the unit 

cell length of 46.378(18). Attempts to solve the crystal structure using this data, however, 

only produced partial structures. The expected Cu2(-COO)4(H2O)2 paddlewheel units could 

be resolved, but the ligand could not be refined for the majority of instances of the molecule.    

Examination under a polarizing microscope shows optical behavior not consistent with 

cubic symmetry.  Furthermore, it was noted that the application of moderate pressure to 

PCN-12 cubes caused each cube to cleanly break into 8 cubes of equal size.  The pattern for 

the breakage is illustrated below. Together, these observations suggested that a form of 

twinning may be present. 
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In order to improve our chances at collecting the best possible data set, we used the 

microcrystal diffraction beamline 15ID-C at the Advanced Photon source in Argonne 

National Laboratory.  Initially, we collected data on one of the 8 cubes broken from a crystal 

of PCN-12, but examination of the data suggested similar twinning to that seen previously.  

After several attempts to further fracture these cubes, a flat piece roughly 80 x 80 x 15 

microns was selected that exhibited no rotation of plane-polarized light under an optical 

microscope.  Data collected on this piece indexed cleanly as a 32.8678(37) x 32.8678(37)  

x 22.6267(37)  tetragonal cell. The very close relationship between this primitive tetragonal 

cell with the higher symmetry bcc cell suggests that a twinning mechanism allows this 

material to twin in a manner such that the reflections overlap to emulate a larger bcc cell 

while the local structure remains tetragonal (see table below). There was no indication in the 

data of the presence of twinning in the fragment selected for structure determination. 

 

 a b c 

Original 46.378(18) Å 46.378(18) Å 46.378(18) Å 

Relationship / 2  / 2  
/2 

Actual Tetragonal Cell 32.8678(37) Å 32.8678(37) 22.6267(37) Å 

Idealized for bcc 32.79 Å 32.79 Å 23.19 Å 

  

For the structure solution, systematic absences were consistent with the P(-4), P4/m, and 
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P4/mmm space groups.  The |E2 - 1| was closer to the noncentrosymmetric case.  Initial 

attempts to solve the structure with either Patterson or Direct Methods in centrosymmetric 

cases failed to produce reasonable starting models, but direct methods provided an acceptable 

starting model in the case of P(-4).  Refinement of this model using SHELXTL produced a 

structure with the expected Cu2(-COO)4(H2O)2 paddlewheel units.  However, the ligands did 

not refine easily, and in many cases it was impossible to locate all the atoms in a particular 

ligand, even after application of chemically sensible restraints. 

The ADDSYM feature in the PLATON software suggested that the correct space group 

was P4/mmm.  After conversion of the P(-4) model to P4/mmm, the refinement was far 

more stable than it had been in the noncentrosymmetric case, and all the ligands could be 

easily located and refined without the use of constraints.  Hydrogen atoms were generated 

and refined using the riding model. Water molecules on the Jahn-Teller distorted sites of the 

Cu(II) atoms could be located, but it was not possible to refine the solvent molecules 

occupying the cavities (roughly 2/3 of the structure is solvent-accessible void).  

Consequently, we employed the SQUEEZE module of the PLATON package to generate a 

modified HKL file where the disordered solvent contribution had been removed.  Inspection 

of the final structure shows chemically reasonable distances and geometries.  The only 

anomaly is that the anisotropic displacement parameters for three carbon atoms on the ligand 

are unrealistically flat.  We attribute this to imperfect correction for the scatter from the 

solvent in the cavities. 
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Figure S1. A square face of a cuboctahedron is connected to a neighboring square face from 

another cuboctahedron through four mdip bridges along the c axis. 

 

(a) (b)

 
Figure S2. Space filling models of PCN-12 viewed from (a) the [0 0 1] and (b) the [1 0 0] 

directions. 

 

(a) (b)

 

Figure S3. Space filling models of PCN-12′ viewed from (a) the c and (b) the a axes. 

Low-Pressure Sorption Measurements. Gas adsorption measurements were performed with 
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a Beckman Coulter SA 3100 surface area and pore size analyzer.  A sample was soaked with 

methanol for 24 hours, and the extract was discarded.  Fresh methanol was subsequently 

added, and the crystals were allowed to soak for another 48 hours to remove any 

DMA/DMSO and H2O solvates. The sample was then treated similarly with dichloromethane 

to remove the methanol solvates.  After the removal of dichloromethane by decanting, the 

sample was dried under a dynamic vacuum (< 10-3 torr) at room temperature (25 °C) 

overnight.  Before gas adsorption measurement, the sample was dried again by using the 

“outgas” function of the surface area analyzer for 4 hours at 150 °C.  A sample of 

approximately 100 mg was used for nitrogen adsorption measurement, and was held at 77 K 

with a liquid nitrogen Dewar.  In the measurement of hydrogen adsorption, high purity 

hydrogen (99.9995%) and a sample of approximately 100 mg were used.  The regulator and 

pipe were flushed with hydrogen before connected to the analyzer.  The internal lines of the 

instrument were flushed three times using the “flushing lines” function of the program to 

ensure the purity of the hydrogen.  The measurement was taken at a constant temperature of 

77 K, maintained by using a liquid nitrogen Dewar. At 87 K, temperature was maintained 

with a liquid argon bath.  
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Figure S4. Hydrogen uptake vs. times of measurements for PCN-12. 
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Figure S5. TGA plots of PCN-12 and PCN-12′. 

 

Figure S6. PXRD patterns of PCN-12. 
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Figure S7. PXRD patterns of PCN-12′. 

 
 


