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Fig. S1. Distributions of H-N-H angles and N distances to the plane of the its ligands obtained 

from sampled configurations extracted from the molecular dynamics simulations at 25 and 

100 °C. 

 

Fig. S2. Representative configuration of NH2-MIL-125 extracted from the molecular 

dynamics simulations at the 25 °C used to predict the EFG PAS orientation (yellow lines) on 

the different nitrogen sites. In this structure, the -CNH2 moieties are planar. The tensor is 

perpendicular to the CHH plane and the N lone pair in the planar moiety is essentially a 

slightly polarized pz atomic orbital. Thus, it should have a contribution to Vzz larger than the 

lone pair in a pyramidal nitrogen. The periodic replicas are represented with grey lines. 

 

Fig. S3. 13C-1H LG-CP spectrum of NH2-MIL-125. The 1H-13C dipolar splitting of carbon 

atoms 3, 5, 6, which are bound to a hydrogen, is about 10 kHz, which compares with 13 kHz, 

the value expected on the basis of the formula −
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3  𝑐𝑜𝑠𝜃𝑚,3 where 𝛾 𝐻1  and 𝛾 𝐶13  

represent the gyromagnetic ratios of 1H and 13C nuclei, respectively, μ0 is the vacuum 

permeability, ℏ is the Planck constant, rHC is the distance C-H, with rHC =1.1 Å and 𝜃𝑚=54.7°. 

On the contrary, the 1H-13C dipolar splitting of carbon atoms 1, 2, 4, 7, 8, which are not 

bound to a hydrogen, is much smaller. 

Fig. S4. Evolution of the hydrogen bond distance during the first 300 ps of the dynamics at 

T=110 °C. 

 

Fig. S5. Principal components of the 14N EFG tensor (blue lines) in two different local 

structures of the BDC-NH2 unit of NH2-MIL-125. a) sp2 nitrogen hybridization, NH2 on the 

molecular plane; b) sp3 nitrogen hybridization, NH2 perpendicular to the molecular plane 

(estracted from the MD trajectory at 110 °C). In both cases the Vzz component of the EFG 

tensor is along the lone pair direction. 

 

 

  



 
 

Fig. S1. Distributions of H-N-H angle (top) and N distance to the plane of the its ligands 

(bottom) obtained from sampled configurations extracted from the molecular dynamics 

simulations at the indicated temperatures. 

  



 

Fig. S2. Representative configuration of NH2-MIL-125 extracted from the molecular 

dynamics simulations at the 25 °C used to predict the EFG PAS orientation (yellow lines) on 

the different nitrogen sites. In this structure, the -CNH2 moieties are planar. The tensor is 

perpendicular to the CHH plane and the N lone pair in the planar moiety is essentially a 

slightly polarized pz atomic orbital. Thus, it should have a contribution to Vzz larger than the 

lone pair in a pyramidal nitrogen. The periodic replicas are represented with grey lines. 



 

Fig. S3. 13C-1H LG-CP spectrum of NH2-MIL-125. The 1H-13C dipolar splitting and the 

isotropic 13C chemical shift appear on F1 and F2 dimensions, respectively. The assignment 

of the 13C signals is based on that reported for IRMOF-3 in ref. 1. 

The 1H-13C dipolar splitting of carbon atoms 3, 5, 6, which are bound to a hydrogen, is 

about 10 kHz, which compares with 13 kHz, the value expected on the basis of the formula 

−
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3  𝑐𝑜𝑠𝜃𝑚, 2 where 𝛾 𝐻1  and 𝛾 𝐶13  represent the gyromagnetic ratios of 1H and 

13C nuclei, respectively, μ0 is the vacuum permeability, ℏ is the Planck constant, rHC is the 

distance C-H, with rHC =1.1 Å and 𝜃𝑚=54.7°.  

On the contrary, the 1H-13C dipolar splitting of carbon atoms 1, 2, 4, 7, 8, which are not 

bound to a hydrogen, is much smaller. 



 

 

Fig. S4. Evolution of the hydrogen bond distance during the first 300 ps of the dynamics at 

T=110 °C. 



 

 

Fig. S5. Principal components of the 14N EFG tensor (blue lines) in two different local 

structures of the BDC-NH2 unit of NH2-MIL-125. a) sp2 nitrogen hybridization, NH2 on the 

molecular plane; b) sp3 nitrogen hybridization, NH2 perpendicular to the molecular plane 

(estracted from the MD trajectory at 110 °C). In both cases the Vzz component of the EFG 

tensor is along the lone pair direction. The representation of EFG tensors as surfaces obtained 

by means of TensorView is shown. 3 
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