
 
Thematic Section: Quantum-Chemical Research. ______________________________________________ Full Paper 
Subsection: Physical Organic Chemistry.                                    The Reference Object Identifier – ROI: jbc-01/19-57-1-21 

Kazan. The Republic of Tatarstan. Russia. __________ © Butlerov Communications. 2019. Vol.57. No.1. _________ 21 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/19-57-1-21 
Submitted on December 12, 2018. 

 

Quantum-chemical modeling of hydrogen bonds in α-glycine 
 

© Alyona A. Lysenok,+ Pavel A. Kalmykov, Nina I. Giricheva,*  
Tatiana G. Volkova, and Elena G. Belkina 

Department of Organic and Physical Chemistry. Ivanovo State University.  
Ermak St., 39. Ivanovo, 153025. Russia. Phone: +7 (84932) 37-37-03.  

E-mail: lisenokalena1996@gmail.com 
________________________________ 
*Supervising author; +Corresponding author 

Keywords: glycine, hydrogen bond, IR spectrum, quantum-chemical calculations,  
density functional theory (DFT). 
 

Abstract 
Quantum chemistry was used to simulate a fragment of α-glycine crystal consisting of 5 and 6 glycine 

molecules. The α-glycine crystal fragment model was constructed using X-ray diffraction data contained in 
the Cambridge Crystallographic Database (CCDC). Theoretical IR spectra were obtained. It was shown that in 
a fragment of a crystal, glycine molecules in zwitterionic form form N-H...O hydrogen bonds of different 
strength, which correspond to different frequencies of stretching vibrations νst (N-H) of the NH3

+ group. Full 
optimization of glycine crystal fragments consisting of a small number of molecules, regardless of the method 
of calculation, leads to the agglomeration of the structure. The system forms the maximum possible number of 
the most durable hydrogen bonds, thereby lowering the overall energy of the system, which leads to disruption 
of the crystal structure of the fragment, distortion of the parameters of hydrogen bonds in the crystal, and, 
consequently, to an unsystematic shift in the frequencies of N–H vibrations. To avoid this process, further 
modeling was performed by partially optimizing the geometry of the crystal fragment, with the positions of 
heavy nitrogen atoms, carbon and oxygen atoms being fixed, and only the positions of hydrogen atoms 
involved in the formation of hydrogen bonds were varied. Using the DFT/B3LYP/6-311G** method, the 
energies of donor–acceptor interaction in a fragment of a crystal, as well as its oscillation frequencies, are 
calculated. The calculated frequencies are consistent with the three experimental frequencies in the indicated 
X-ray region. A comparison was made between the calculated and experimental frequencies of the stretching 
vibrations of the N – H group of the NH3

+ group. According to the geometric characteristics of the HB and the 
energy of donor-acceptor interaction between the lone electron pairs of oxygen atoms and the *(N-H) 
loosening orbitals, it was found that the hydrogen bonds of N-H...O between molecules in one layer are 
stronger than between molecules in different layers of a crystal. 
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