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Gas phase identification of the 

NH···P hydrogen bond

The gas phase NH···P hydrogen bond was identified in the complex formed

between dimethylamine (DMA) and trimethylphosphine (TMP). The bond was

identified using Fourier transform infrared spectroscopy (FT-IR) of the NH-

stretching vibration, which was found to be redshifted relative to that of the DMA

monomer.
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Structures of the DMA-TMP complex optimized using B3LYP and M06-2X and the 

aug-cc-pVTZ basis set. The angle of the hydrogen bond, θNH···P, is indicated.

B3LYP

Hydrogen bond angle

The hydrogen bond angle of the DMA-

TMP complex, θNH···P, was found to be

very sensitive to the computational

procedure employed in the geometry

optimization. B3LYP and M06-2X resulted

in the largest and smallest angles,

respectively.
1 Basis set: aug-cc-pVTZ

Importance of secondary interactions

Natural Bonding Orbital (NBO) analysis showed that the hydrogen bond angle

correlated with the contribution from the hydrogen bond to the total interaction energy,

%H-bond(NBO). The NBO results also indicated that the large sensitivity to the choice

of computational method could be ascribed the relatively large contribution to the total

energy from the secondary interactions. The secondary interactions are defined as all

inter unit interactions other than the NH···P hydrogen bond.

Confirmed by topological results

The NBO results are supported by results from the topological methods Atoms In Molecules (AIM) and Non-Covalent Interactions

(NCI), which also serve to further highlight the differences between the different computational methods.
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Method1 θNH···P (°)

B3LYP 169.0

B3LYP-D3 126.8

B3LYP-D3BJ 129.4

CAM-B3LYP 133.7

M06-2X 105.8

ωB97X-D 126.0

MP2

DF-LCCSD(T)-F12a

126.9

123.9

M06-2X


