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I. Synthesis of [Co(Hoba)2·2H2O] (1) 

Co(NO3)2·6H2O (0.4 mmol) and H2oba (0.8 mmol) were mixed in 10 mL of distilled water, and 

two drops of TEA was added in to the solution to adjust the pH value to ~7.00. The solution was 

then heated at 120 °C for 3 days, followed by cooling at a rate of 0.1 °C/min to room temperature. 

The pink plate-like crystals of 1 (0.1452 g, 0.24 mmol, 60 % yield based on cobalt) were 

collected. 

 

II. Powder X-ray diffraction experiment  

Powder X-ray diffraction patterns of all the samples were recorded on a Rigaku Ultima IV X-

Ray diffractometer at room temperature using Cu Kα radiation (λ = 1.5406 Å). Graphite 

monochromator was used and the generator power settings were at 40 kV and 44 mA. Data were 

collected between a 2θ of 3-50° with a step size of 0.02° at a scanning speed of 4.0 deg/min. 

 

 

III. Thermogravimetric Analysis 

Thermogravimetric (TG) analysis was performed on a TA Q50 Thermogravimetric Analyzer 

with a temperature ramp of 10 °C/min from room temperature to 600 °C under nitrogen gas flow. 

The TG profile (Figure S1) shows a weight loss of 6.0 wt% for the as-synthesized sample (1) in 

the range of 110 °C to 160 °C upon heating. The weight loss can be assigned to the coordinated 

water molecules in 1 and matches very well with the theoretically calculated amount (5.9 %) 

based on the crystal structure. The water-free sample (1’) is thermally stable up to 300 °C, 

followed by decomposition at higher temperatures. 
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Figure S1. Thermogravimetric analysis of a freshly prepared sample of 1 showing a good match 

of the observed weight loss with the calculated value. 

 

IV. X-ray absorption spectroscopy 
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Figure S2. The progression of XAS spectra collected in situ upon heating the sample from 
~25oC (black trace) to 150oC (red trace)  



4 

 

 

Figure S3. Model derived from crystal structure of 1 used in EXAFS fitting. Atom labels pertain 
to scattering paths listed in Table 1 with the following equivalencies: O6 = O2, C7=C21 
 

 

V. Reference Raman Spectra 
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Figure S4. Raman spectra of Na2oba (green), H2oba (magenta) and D2O@1 (blue), 1 (black) and 
1’ (red) 
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Figure S5. Raman spectra of D2O@1 (blue) and the activated form D2O @1’ (red), showing 
disappearance of coordinated D2O vibrational modes at 1082 and 788 cm-1 upon activation. Note 
the presence of the water bending mode peak at ~1530 cm-1 in the spectrum of the D2O@1 

sample that also disappears after vacuum/heat activation. We attribute this peak to the presence 
of coordinated H2O molecules that derive from either the hexahydrate cobalt salt starting 
material and/or H/D exchange with labile protons in the framework (eg carboxylic acid groups).  
* denotes peaks from the KNO3 standard (mixed with non-activated D2O@1 sample only).   
 

 

V. DFT Computational methods and theoretical vibrational frequency results 

The geometry optimizations and theoretical vibrational modes of several reference molecules 

and were calculated using the Gaussian 09 program package1 at the density functional theory 

(DFT) level with Beck’s three parameter functional and Lee-Yang-Parr functional (B3LYP) 

method. 6-31G* basis set was used for all the calculations. Calculations were performed on the 

model systems whose optimized geometries are depicted in Figure S5. Mode descriptions were 

assessed based on animation of the atomic vector displacements using Chemcraft.  A summary 

of the calculated frequencies for the most Raman active vibrational modes is provided in Table 

S1 and does not include compensation for vibrational mode anharmonicities through the use of a 

scaling factor.2  
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a.)   b.)  

   c.)  

Figure S6. Optimized geometries for model systems, a) 4,4’-oxybis(benzoic acid) , b) 4,4’-
oxybis(benzoate) c) coordination mode of 4,4’-oxybis(benzoate) to the Co metals. 
 

 

Table S1. Experimental and Calculated Raman active vibrational mode frequencies with 
descriptions of dominant components of the corresponding vibrational mode assignments for the 
4,4’-oxybis(benzoic acid) reference molecule 

Experimental 
Frequency 

Calc. Frequency Vibrational assignment 

303 298 Phenyl ring tilt 

419 427 δ Phenyl ring 
503 518 β (CCPhCCOOH) + γ (CH) 
613 602 γ (OH) 

621 628 γ (OH) + δ Phenyl ring 
653 654 δ Phenyl ring 
739 732 β (COC) + γ (CH) + δ Phenyl ring 
781 784 β (COC) + δ Phenyl ring 

819 828 νsym (CO) ether +β (COC) + δ Phenyl ring 

840 br 846 γ(CH)phenyl 

1133 1190 β(CH) 
1166 1221 β(CH) + γ (OH) 

1203 1239 νsym (CO) ether + β (CH) 

1290 - ν (H…OH)carboxylic acid 

1317 1397 β (OH) + νsym (C-OH) 
1593 1637 ν (CC)phenyl 

- 1654 ν (CC)phenyl 

1613 1673 ν (CC)phenyl 

1635br 1820 νsym (C=O)carboxylic acid 

ν - stretching; νs - sym. stretching; νas - asym.stretching; β - in-plane-bending;  γ - out-of-plane 
bending;; δ - deformation; sh – shoulder; br – broad 
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Table S2.  Experimental and Calculated Raman active vibrational mode frequencies with 
descriptions of dominant components of the corresponding vibrational mode assignments for the 
4,4’-oxybis(benzoate)dianion reference molecule 

Experimental 
Frequency 

Calc. Frequency Vibrational assignment 

295 304 Phenyl ring tilt 

634 661 δ Phenyl ring 
656 - ν (Na+O-)a 
763 761 β (OCO) + γ (CH) + δ Phenyl ring 
790 790 β(COC) + γ (OCO)  + δ Phenyl ring 

853 838 β(OCO) + νsym (CO)ether + δ Phenyl ring 

864sh 844 γ(CH)phenyl 

1136 1126 ν(CC)carboxylate + β(CH) 

1164 1175 β(CH) 

1192 1205 νsym (CO) ether + β(CH) 
1429 1364 νsym (CO)carboxylate  
1502 - νasym (CO)carboxylate 
1593 1640 ν(CC)phenyl  
1606 1653 ν(CC)phenyl  

ν - stretching; νs - sym. stretching; νas - asym.stretching; β - in-plane-bending;  γ - out-of-plane 
bending;; δ - deformation; sh – shoulder; br - broad 
aExperimental data only; Na+ counter ions most likely situated  near oxygens of carboxylate 
groups  
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Table S3.  Calculated Raman active vibrational mode frequencies with descriptions of dominant 
components of the corresponding vibrational mode assignments for the model system with 
coordination of Hoba to the Co metal  

Calc. 
Frequency 

Vibrational assignment 

320 Phenyl ring tilt 
405 Phenyl ring tilt 
426 δ Phenyl ring 
490 δ Phenyl ring + β (CCPhCCOOH) 
507 β (CCPhCCOOH)+ γ (OH) + δ Phenyl ring 
556 νasym (CoO) + δ Phenyl ring+ γ(OH) 
564 νasym (CoO) + δ Phenyl ring 
679 νsym (CoO) + β(COC)ether+ γ(OH) + δ Phenyl ring 
718 γ(OH) + γ(CH) + β(COC)ether  
745 β(OCO)COOH+ β(COC)ether + γ(CH) 
818 β(OCO)+ β(COC)ether + δ Phenyl ring  
848 γ (CH)phenyl 
881 β(OCO)carboxylate + νasym (CO) ether + δ Phenyl ring  
898 γ (CH)phenyl + δ Phenyl breathing + β(COC)carboxylate + β(OCO)carboxylate 

1153 νsym (CO)carboxylate + δ Phenyl ring 
1189 ν (CO)ether + β(CH)b 
1205 ν (CO)ether + β(CH)a 
1223 ν(CO) ether  + β(COH) + ν(CC)b 
1338 ν (CO)ether + β (CH)a 
1469 ν (CC)carboxylate + νsym (CO)carboxylate + β(CH)a 
1571 ν (CC)carboxylate + ν (CC)phenyl  + β (CH)a 
1650 ν (CC)phenyl 
1670 ν (CC)phenyl 
1833 ν (C=O)carboxylic acid 

ν - stretching; νs - sym. stretching; νas - asym.stretching; β - in-plane-bending;  γ - out-of-plane 
bending;; δ - deformation; sh – shoulder; br - broad 
a localized on phenyl group closest to Co(II) 
b localized on phenyl group attached to the carboxylic acid group 
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