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I. INTRODUCTION 

Cyclic dipeptides, often found in nature, are formed by linking amino-terminus of a linear dipeptide to it 
carboxyl - terminus by amide bond. All of them are derivatives of 2,5-diketopiperazine (DKP) or cyclo-
Diglycine with the molecular formula C4H6N2O2.  

II. METHODS 

To calculate the optimized geometry of molecules (Figure 1) and singly charged ions, as well as their total 
energies, the DFT method was used, using Dmol

3
 module from the Materials Studio software package. We 

used B3LYP functional and the all-electron atomic basis DNP (ver.3.5) with unrestricted spin polarization 
[1, 2]. The energy convergence was less than 1∙10

-5
 Ha and geometry convergence was less than 5∙10

-3
 Å.  

 

Figure 1. Structure of the DKP molecule 

At the first stage we optimized geometry of molecules and ions with molecular mechanics using COMPASS 
II force field to minimize the interatomic interactions. The second stage includes DFT calculation of electronic 
structure with total geometry optimization. The calculated total energies of molecules and ions were used for 
further analysis. These data of the total energies make it possible to calculate the reaction energies for the 
channels of fragmentation of the formed ions. For the simulation, we chose the DKP ion fragmentation 
processes for which were observed experimentally the largest cross sections. 
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In the experiment DKP ionization occurred as a result of the capture of one electron by He
2+

 ions with an 
energy of 4 keV/u. The formed molecular ions were analyzed by mass and charge using a time-of-flight 
analyzer. Analysis of the measured mass spectra makes it possible to obtain the values of the relative cross 
sections the fragment ions formation. The fragments identification in our work was based on the assumption 
that the formation of compounds of mass m requires a minimum number of broken bonds and a minimum 
rearrangement of atoms between the formed ion and neutral fragments. It should be borne in mind that in the 
process of fragmentation, the processes of migration of hydrogen atoms are likely. 

III. RESULTS AND DISCUSSION 

It was shown that the largest cross section has the process of DKP
+
 ion formation (=180 rel.u.). The most 

probable mechanisms of the major cross-sectional channels for the DKP ion fragmentation were considered. 
(Table 1). The reaction energy (Er) was determined as the difference between the total energies of the 
fragments and the parent ion (Figure 2). The most intense fragment m=30 (u) in the mass spectrum is 

formed when the C2N1 and C5C6 bonds (or symmetric to them) are broken and the hydrogen atom 
migrates to the charged fragment from the residue which was considered as four isomers. Ions with masses 

42 and 72 (u) are formed upon cleavage of C2(5)N1(4) and C3(6)N4(1) bonds, and with masses 41 and 

73 (u) upon cleavage of bonds N1(4)C2(5) and C6(3)C5(2). The charge with the same probability 
remains with either the light or the heavy fragment. It is also possible to form fragments with masses 28 and 

86 (u), which are formed upon cleavage of the C2(5)C3(6) and C2(5)N1(4) bonds. 

Table 1. Energy and relative cross section of the main channels of DKP ion fragmentation 

 

 

Figure 2. Energy diagram of Er (eV) DKP
+
 fragmentation reactions. The filled rectangles show the masses of 

the fragments formed during the fragmentation of the initial molecular ion, from the energy of which Er is 
counted. The segments correspond to Er (eV) for the considered reactions 

IV. CONCLUSIONS 

Quantum chemical calculations performed for the cyclo-Diglycine molecules showed that there is a 
correlation between the probability of the bond rupture and its length variation. 

Ion [m (u)] Neutral fragment [m (u)] Er (eV)  (rel. u.)  

CH4N [30] C3H2NO2 [84] 2.07 – 2.36 100 

C2H2O [42] C2H4N2O [72] 4.68 28.6 

C2H4N2O [72] C2H2O [42] 3.19 20.0 

CHNO [43] C3H5NO [71] 4.11 42.9 

C3H5NO [71] CHNO [43] 1.78 37.9 

CO [28] C3H6N2O [86] 7.22 49.2 

C3H6N2O [86] CO [28] 0.89 8.1 
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I. INTRODUCTION 

Graphene has been the subject of many recent investigations due to its peculiar transport properties [1]. But 
investigations are shown the problem connected with the lack of a graphene bandgap, which prevents its 
use in digital electronics. Chemical modification of graphene named as graphane has recently entered for 
investigation as possible candidate to solve this problem [2-3]. Graphane is the compound, which consist 
from two-dimensional graphene covalently bonded by some atoms of the hydrogen. Graphane is a 
semiconductor, which have of novel structure and low dimensionality. It provides a fertile playground for 
fundamental science and technological applications. To this purpose, in this work, main task is to investigate 
parameters and characteristics of the hydrogenated graphene by the ab-initio method. 

II. METHOD AND PECULIARITIES OF SIMULATION OF HYDROGENATED GRAPHENE PROPERTIES 

Ab-initio calculations have been performed by means of the Quantum Espresso [4] code, using the Perdew-
Burke-Ernzerhof (PBE) parametrization of the generalized gradient approximation (GGA). A 40 Ry wave 
function cutoff and 240 Ry charge density cutoff have been considered, while the Brillouin zone has been 
sampled using a 24 x 24 x 1 Monkhorst–Pack grid. A 20 bohr layer of vacuum is considered to separate the 
sheet from its periodical images. We have extracted the effective mass and other parameters from results of 
the density functional theory DFT-GGA simulations.  

III. RESULTS OF MODELING OF PARAMETERS AND CHARACTERISTICS OF THE HYDROGENATED 
GRAPHENE BY THE AB-INITIO METHOD 

Relaxed structures for 100% and 50% hydrogenated and fluorinated graphene (from here on H100%, H50%, 
F100%, and F50%, respectively) are in agreement with results already shown in the literature [2-3]. We show 
some results for the considered H50% and H100% structures in Figures 1 and 2. Figure 1, a shows the 
peculiarities of the arrangement of carbon (C) and hydrogen (H) atoms and figure 1, b - the zone diagram in 
the structure of 50% hydrogenated graphene (or graphane of C2H1 type).  

a)  b)  

Figure 1. a) Features of arrangement of carbon (C) and hydrogen (H) atoms and b) zone diagram in the 
structure of 50% hydrogenated graphene (graphane of C2H1 type) 

Figure 2, a shows the peculiarities of the arrangement of carbon (C) and hydrogen (H) atoms and figure 2, b 
- the zone diagram in the structure of 100% hydrogenated graphene (or graphane of C2H2 type). From the 
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