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Abstract.1 This present work undertakes the study of 
organic-inorganic hybrid material, which has been ob-
tained successfully by an acid-base reaction at room tem-
perature and structurally studied by the single crystal X-
ray diffraction method. N-(Dicyclopropylmethylamino)-
4,5-dihydro-1,3-oxazolium dihydrogenphosphate [10-
CN@DP] crystallizes in the triclinic system with the 
space group P-1. The X-ray structural analysis supported 
by a Hirshfeld surface analysis of the crystal structure 
indicates that the most significant contributions to the 
crystal packing are from H…H (63.3 %), H…O/O…H 
(32.2 %) and H…C/C…H (2.5 %) contacts. Density func-
tional theory geometry-optimized calculations were com-
pared to the experimentally determined structure. Using 
the same level of theory to imagine the chemical reactivity 
and charge distribution on the molecule, used to determine 
the HOMO-LUMO energy gap and density of state (DOS) 
range, the molecular electrostatic potential (MEP) image 
was drawn. 
Keywords: HOMO–LUMO, density of state, Hirshfeld 
surface analysis, electrostatic potential surface. 

1. Introduction 

In recent years, nonlinear optical (NLO) materials 
have been the subject of intense research by chemists, 
material scientists and optical physicists owing to NLO 
potential application in various engineering technological 
fields.1-6 This paper is a part of the systematic investiga-
tion of organic-inorganic hybrid materials including 
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amines and various mineral acids. The formation of the 
(H2PO4

-)n polyanion in the hybrid compound is interest-
ing for chemists investigating new materials with optical 
properties, and biological or pharmacological drugs.4-10 
Hybrid material described here contains different organic 
electron donors and the H2PO4

- anions structural study is 
fascinating by a great diversity of interactions; it shows 
clearly the strong and various hydrogen bonds between 
anions and cations. An inorganic-organic hybrid material 
is a fertile research topic that combines the advantages of 
organic components with those of an inorganic network 
(chemical, thermal and mechanical stability) (straightfor-
ward synthetic approach, easily tailored molecular struc-
ture and functional properties). With this view, an amino 
acid is chosen as a convenient basis to react with phospho-
ric acid, in which the basic nitrogen can retain a proton 
abstracted from the phosphate and the positive charge 
produced can contribute to the coulombic force of the 
crystal. In addition, the amine group can freely participate 
in the interaction of hydrogen bonding with phosphate. In 
the entire visible region, the resulting crystal is expected 
to have high lattice capacity, thermal stability, and negli-
gible light absorption. 

In the present investigation, the crystal structure of 
10-CN@DP was examined by the computational chemical 
methods used to determine the energies of the atoms or 
molecules and other associated physical properties. In this 
study, Hartee-Fock (HF) and Density Functional Theory 
(DFT) with 6-31G basis set were used in the calculations 
of geometric structure and vibration frequencies of the 
studied compound. Additionally, the molecular geometri-
cal parameters, the energies of the highest occupied mo-
lecular orbital (HOMO), and the lowest unoccupied mo-
lecular orbital (LUMO) were studied. Meanwhile, mo-
lecular electrostatic potential (MEP), and the main inter-
molecular interactions obtained from Hirshfeld study, 
Mulliken population study, which cannot be obtained 
experimentally, were performed. 
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2. Experimental 

2.1. Quantum Chemical Calculations 

Using the Crystal Explorer 3.0 package,11 the 
Hirshfeld surface and fingerprint plots of the synthesized 
compound were obtained. With color scale range of -
0,908 a.u. (blue) and 1,497 a.u. (red), the dnorm graphs 
were mapped. The closest interactions between the atoms 
called in the compound units are shown by the red spots 
on the Hirshfeld surface. Using the extended 0.99–2.5Å, 
the 2D fingerprint plots were shown. Molecular geometry 
optimization and all quantum-chemical calculations were 
performed using the B3LYP/6-31 G hybrid method with 
the software package Gaussian 0912 and the molecular 
visualization application Gauss-View.13 As a result of 
hyper-conjugative interactions and electron delocalization, 
crystal stability was studied using the DFT method, ge-
ometry optimizations, electrostatic potential surface 
(ESP), HOMO-LUMO energies, and atomic charge distri-
bution. 

3. Results and Discussion 

3. 1. Single Crystal X-Ray Diffraction 

Study 

The single crystal XRD investigation revealed that 
10-CN@DP corresponds to the monoclinic system having 
space group P-1, the lattice parameter values a, b, c , and 
the volume of the unit cell, which are enumerated in Ta-
ble 1, represent no modulation in crystal structure and are 
in accordance with literature data.14 The X-ray geometry 
of the monohydrogenphosphate anion HPO4

2-, differs 
slightly from the optimized results (Fig. 1). In particular, 
the single P—OH bond is significantly longer (0.145 Å) 
in the optimized HPO4

2- anion than in the crystal. The 
differences in the P—O distances for equivalent bonds in 
the H2PO4

- and HPO4
2- anions correlate with the number 

and strength of the hydrogen bonds, in which the O atoms 
are involved. 

The monohydrogenphosphate anion, HPO4
2-, is in-

volved in nine hydrogen bonds: as acceptor H in eight of 
them and as donor H – in one. The HPO4

2- anion forms 
hydrogen bonds as acceptor H with four C10H17N2O+ 
residues via their amine H atoms, forming two hydrogen 
bonds with one C10H17N2O+ residue (via an amine H atom 
and the H atom at the protonated ring N atom), and with 
two H2PO4

- anions, and acts as a donor H to atom O2 of 
one H2PO4

- anion (Fig. 2). 

Table 1. Crystallographic data of 10-CN@DP 
Crystal data 10-CN@DP 

Chemical formula 
Cell setting 
Space group 
 a (Å) 
b(Å) 
c(Å) 
α(˚)  
β(˚)  
γ (˚) 
Z 
Volume (Å 3) 

C10H17N2O+,H2PO4
- 

Triclinic 
P-1  
8.3212(8) 
8.9609(9) 
9.8813(10) 
97.070(2) 
101.475(2) 
108.355(2) 
2 
671.538 
 

.   

Fig. 1. A view of the molecular structure of 10-CN@DP, 
showing displacement ellipsoids drawn at the 30 % probabil-

ity level 

 
 

Fig. 2. Partial crystal packing of 10-CN@DP showing a chain  
of N-H…O   hydrogen bonded molecules (intra- and intermo-

lecular hydrogen bonds are indicated by dashed lines) 
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3.2. Hirshfeld Surface and 2D Finger 
Print Analyses 

Hirshfeld surfaces and their associated two-
dimensional fingerprint plots15 were used to quantify the 
various intermolecular interactions in the title compound. 
The Hirshfeld surface map of a molecule is mapped using 
the descriptor dnorm which encompasses two factors: one is 
de, representing the distance of any surface point nearest 
to the internal atoms, and the other one is di, representing 
the distance of the surface point nearest to the exterior 
atoms and also with the van der Waals radii of the at-
oms.16 

Using Crystal Explorer 3.0, Hirshfeld surfaces 
mapped over dnorm, shape index, and curvedness for the 
title compound were obtained to provide a better under-
standing of the molecular structure (Fig. 3). The internal 
and external (di and de) contact distances from the 
Hirshfeld surface to the nearest atom inside and outside 
allow the study of the intermolecular interactions through 
the mapping of dnorm. 

 

 

 а                                    b                                 c 
 

Fig. 3. Hirshfeld surface mapped over (a) dnorm, (b) shape-index 
and (c) curvedness 

 
The red spots on the Hirshfeld surface of the com-

pound 10-CN@DP indicate the presence of intermolecu-
lar interactions (intercontacts) in the crystalline setting of 
the title compound (Fig. 4, left). The Hirshfeld surface 
over dnorm suggests that pi-stacking interactions are the 
intermolecular interactions between the compound names, 
and the units are stacked, one above the other, in head-to-
tail configuration. There is an intermolecular distance of 
3.31 Å between the stacked units and a distance of 
1.065 Å between the phosphate groups (Fig. 4). 

The two-dimensional fingerprint plots for most of 
the intercontacts of the title compound are shown in Fig. 5 
and summarized in Table 2. The highest interatomic con-
tact contributions were found between hydrogen atoms 
H…H, at 63.3 %, followed by O…H/H…O and 
C…H/H…C, with contributions of 32.2 and 2.5 %, re-
spectively.  

 
Fig. 4. dnorm mapped on the Hirshfeld surface plot  

of 10-CN@DP 
 

Fig. 6 illustrates the view of the electrostatic poten-
tials on Hirshfeld surface. Here, the red regions (visual 
intermolecular interaction acceptors) around the partici-
pating atoms correspond to the negative surface electro-
static potential. Likewise, the blue regions (visual of in-
termolecular interaction donors) lead to a positive surface 
electrostatic potential. In the 0.1067 to 0.1435 a.u. range, 
the electrostatic potential map was obtained. For the title 
compound, the STO-3 G basis set (Hartree-Fock method) 
was used. The red region above the O1 atom included in 
the N-H…O hydrogen bond is related to the electrostatic 
potential of negative (hydrogen bond acceptors). 

Where the void surface meets the boundary of the 
unit cell, capping faces are generated to create an enclosed 
volume. The term “voids” has been used in many different 
contexts when discussing the structure of crystalline mate-
rials, as well as visualizing voids for this compound. Crys-
tal Explorer also reports the void surface. To answer this, 
we have computed void for this organic–inorganic hybrid 
compound with isovalue: 0.002 a.u. (corresponding ap-
proximately to a smoothed van der Waals surface); the 
resulting void surface, with a volume of 248.73 Å3 per 
unit cell (this value is remarkably close to the  % void 
volume of 11.99  % described by the 0.002 a.u. void sur-
face) and its surface area of 739.13 Å2. The presence of 
voids and their distribution throughout the unit cell can 
largely determine the response of molecular crystals to 
external pressure.17 We have focused on this new ap-
proach to mapping voids in crystals (Fig. 7). On the 
Hirshfeld surface, some functions can be mapped, as these 
quantitatively authenticated observations display the ef-
fectiveness to gain insights into the intermolecular interac-
tions in the context of crystal engineering. 
 
Table 2. Summary of the closest contacts and their per-
centage contributions to the Hirshfeld surface 

Type of contact Contribution ( %) 
H…H 
O…H/H…O 
H…C/C…H 
N…H/H…N 
O…O 

63.3 
32.2 
2.5 
1.3 
0.6 
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Fig. 5. The two-dimensional fingerprint plots for the title compound showing (a) all interactions,  
and delineated into (b) H···H, (c) H···O/O···H  and (d)  H···C/C···H. The di and de values are the closest internal  

and external distances (in Å) from given points on the Hirshfeld surface 
 

 
 

а                                                   b                                 c  
 

Fig. 6. Electrostatic potentials (EP) mapped on Hirshfeld   with (a) di, (b) 
shape index and (c) curvedness of compound10-CN@DP 

 
Fig. 7. Empty regions of the crystal structure  

of the molecule 
 

 

3.3. Theoretical Studies 

3.3.1. Optimized Molecular Structure by DFT 
Calculations  

The optimized structure of the studied compound, 
namely 10-CN@DP, was obtained with the help of DFT 
calculation and HF methods.18,19 The mentioned opti-

mized structure obtained using B3LYP hybrid functional 
is given in Fig. 8. In Table 3, geometrical parameters such 
as bond length related to the studied compound are pre-
sented in detail. It is apparent from Table 3 that the ex-
perimental and theoretical results are in good agreement. 
It can be said that the minor deviations between theoreti-
cal and experimental results are due to the differences in 
the molecular environment. It should be noted that XRD 
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results were obtained in the crystalline phase. On the other 
hand, theoretical calculations were made in the gas phase 
using Gaussian Program. Note that experimental and theo-
retically obtained geometric parameter values are very 
close to each other (for example C15-N9 bond length val-
ues are 1.4576 and 1.4612 Å, respectively). 

 
Table 3. Bond distances (Å) as well  
as the configurations in some selected dichromate  
compounds for comparison 

Geometric 
Parameters 

Experimental 
[X-ray] 

Theoretical 
[DFT] 

Theoretical 
[HF] 

Bonds Å 
R(1,2) 
R(1,3) 
R(1,4) 
R(1,5) 
R(2,36) 
R(3,37) 
R(4,6) 
R(5,7) 
R(8,11) 
R(8,12) 
R(9,11) 
R(9,15) 
R(9,36) 
R(10,11) 
R(10,18) 
R(10,37) 
R(12,13) 
R(12,14) 
R(12,15) 
R(15,16) 
R(15,17) 
R(18,19) 
R(18,20) 
R(18,28) 
R(20,21) 
R(20,22) 
R(20,25) 
R(22,23) 
R(22,24) 
R(22,25) 
R(25,26) 
R(25,27) 
R(28,29) 
R(28,30) 
R(28,33) 
R(30,31) 
R(30,32) 
R(30,33) 
R(33,34) 
R(33,35) 

 
1.5044 
1.5053 
1.5636 
1.5599 
1.8693 
1.9149 
0.8114 
0.8138 
1.3230 
1.4680 
1.3079 
1.4576 
0.8571 
1.3055 
1.4755 
0.8489 
0.9702 
0.9697 
1.5081 
0.9701 
0.9699 
0.9795 
1.5043 
1.5095 
0.9798 
1.4966 
1.4885 
0.9695 
0.9708 
1.4883 
0.9702 
0.9696 
0.9804 
1.4953 
1.4811 
0.9697 
0.9702 
1.4902 
0.9698 
0.9699 

 
1.6138 
1.6163 
1.7320 
1.7312 
1.5528 
1.5916 
0.9805 
0.9805 
1.3781 
1.4950 
1.3360 
1.4723 
1.0684 
1.3146 
1.4866 
1.0628 
1.0884 
1.0918 
1.5464 
1.0923 
1.0958 
1.0958 
1.5223 
1.5276 
1.0868 
1.5190 
1.5165 
1.0865 
1.0847 
1.5204 
1.0863 
1.0847 
1.0877 
1.5171 
1.5196 
1.0853 
1.0855 
1.5211 
1.0853 
1.0859 

 
1.5867 
1.5876 
1.6810 
1.6809 
1.6335 
1.6656 
0.9519 
0.9519 
1.3443 
1.4678 
1.3192 
1.4612 
1.0322 
1.2966 
1.4766 
1.0294 
1.0749 
1.0758 
1.5431 
1.0789 
1.0798 
1.0814 
1.5134 
1.5195 
1.0741 
1.5056 
1.5032 
1.0743 
1.0725 
1.5075 
1.0742 
1.0724 
1.0749 
1.5052 
1.5057 
1.0732 
1.0728 
1.5071 
1.0731 
1.0728 

 
 

Fig. 8. Optimized molecular structure  
of 10-CN@DP compound 

 

3.3.2. Mulliken Population Analysis 

The corresponding Mulliken population, shown in 
Fig. 10, is a very accurate method of computational calcu-
lation for the microscopic system due to atomic charges 
that affect the dipole moment of 10-CN@DP molecules, 
which exhibit positive charges, while C30, C28, N9, N10, 
O8, O4, O5, O3 and O2 atoms exhibit negative charges 
(Fig. 9). The charge transfers with basis set presumably 
occur due to polarization. The maximum negative charge 
values of O3 atom by HF/B3LYP have a maximum posi-
tive charge value of P-1 atom around 1.9421 and 
1.4127(e) in the molecule at HF and DFT, respectively. 
The Mulliken population analysis for 10-N@DP molecule 
was determined using B3LYP level with 6-31G basis 
set.20 The charge distribution of the compound reveals that 
the substituted carbon atoms (C12, C11, C15, C18, C20 and 
C33) are positive while the remaining carbon atoms are 
negatively charged. This clearly represents that the delo-
calization of electrons from the nitrogen and carbon atoms 
of amine and methyl groups hallmarks the positive charge 
of the carbon atom. All hydrogen atoms are positively 
charged. 

In addition, Mulliken atomic charges also show 
that the H atoms bonded to nitrogen and oxygen atoms 
(NH3

+ or H2PO4
- groups) have bigger positive atomic 

charges than the hydrogen attached to carbon atoms. This 
is due to the presence of N and O electronegative atoms. 
The highest positive charge (+1.199551(e)) associated 
with the phosphorus, is shown in (Fig. 10). It is the heavi-
est atom, which is surrounded by four oxygen atoms. The 
strongly negative charges are concentrated on nitrogen 
and oxygen atoms of amine group, which are involved as 
acceptors in hydrogen bonds. These results confirm the 
presence of a charge transfer through the N-H…O and 
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O-H…O hydrogen bonds, respectively. Furthermore, ac-
cording to HF method the carbon O2 and O3 atoms 
(-0.968156 and -0.974587(e)) have higher electronegativ-
ity than other carbon atoms because they are surrounded 
by three electropositive hydrogen atoms.  

 

 
 

Fig. 9. Atomic charges distributions along with dipole  
moments orientations computation performed at the level  

of DFT theory (B3LYP /6-31) 
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Fig. 10. Natural population charge of 10-CN@DP 

3.3.3. Molecular Electrostatic Potential Surface 

Analysis 

The MEP surface was drawn by the B3LYP/6-31G 
and HF methods.21,22 The surface immediately depicts the 
chemical relativity scale, shape, charge, density, and loca-
tion. It clarifies a visible technique to consider the relative 
polarity of the molecule and different values of the surface 
electrostatic potential expressed by dissimilar colors. In 
the row orange < yellow < blue < green,23,24 the electro-
static potential increases. Orange means the region with 
the most negative electrostatic potential, blue means the 
region with the most positive electrostatic potential, and 
green means zero potential. The light blue is a slightly 
electro-deficient region; the yellow region is slightly elec-
tron-made. The existence dominance of a light green area 
in the MESP surface corresponds to a possible halfway be-
tween two extremes of orange and blue color. The color code 
of these maps ranges from - 7.292e-2 and +7.292e-2 eV, 
where blue indicates the strongest attraction and red indi-
cates repulsion. The MEPs of title compounds presented 
in Fig. 11 clearly indicate that the phosphate oxygen atom 
1, 2 and 3, as well as 4 oxygen atoms, contribute to the 
most electronegative region (red). Due to the excess of a 
negative charge, a relatively high nucleophilic activity of 
this part of the molecule can be expected. This is consis-
tent with the well-known fact that lone electron pairs be-
longing to the electronegative atoms in the molecule are 
commonly aligned with the negative regions of MEP. On 
the other hand, both hydrogen atoms bonded to an oxygen 
atom in H2PO4

- and hydrogen atoms bonded to an oxygen 
atom in C10H17N2O+ were located at positive MEP values. 
The distribution of the natural charge (Fig. 11) complies 
with MEP results. The negative charge was primarily dis-
tributed over the oxygen atoms attached to the C10H17N2O+ 
part as expected, while the remainder of the negative natu-
ral charge is mostly delocalized over the C11, N9. 

 

 
 

Fig. 11. (a) Molecular electrostatic potential and (b) electrostatic potential surface 

а b 
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3.3.4. Global Reactivity and HOMO-LUMO  
Orbitals 

Frontier orbital energies provide essential clues 
about the reactivity of organic and inorganic com-
pounds.25 HOMO and LUMO orbitals obtained for stud-
ied compounds using B3LYP functional are shown in 
Fig. 12. The highest occupied molecular orbital energy 
determines the electron-donating ability, whereas the lo-
west unoccupied molecular orbital energy provides infor-
mation about the ability of a molecule to accept an elec-
tron.26 Table 4 represents HOMO and LUMO energy 
values; as well as energy gap. 

10-CN@DP has a more tendency to accept elec-
trons than C10H16N2O, whereas in contrast, H3PO4 has 
significantly higher electron-donating ability. Further-
more, 10-CN@DP has the highest value of ELUMO, indi-
cating its ability to accept electrons be higher than that of 
other amines (Table 4). 

Frontier orbital energy gap, softness and chemical 
hardness are widely used parameters by physicists and 
chemists.27 Frontier orbital energy gap (ΔE = EHOMO-
ELUMO) is one of the key factors determining the reactivity 
and stability of molecules. According to the maximum 
hardness principle, the chemical hardness defined as the 
resistance against change in the number of electrons of a 
chemical entity is a measure of stability. Hard molecules 
with high-energy gap values have low electron donation 
ability.28 On the other hand, soft molecules give electrons 
easily to metal surfaces. Soft molecules with a small en-
ergy gap are very reactive. Chemical hardness and soft-
ness values of 10-CN@DP are 1.7758 and 0.5631 a.u., 
respectively. If compare the chemical hardness values of 
10-CN@DP, it is seen that the molecule with a lower 
chemical hardness value has a higher reactivity. Koop-
mans theorem presents an alternative way to predict 
molecule electron affinity.28 According to this theorem, 
the negative values of LUMO and HOMO orbital energies 
are approximately equal to the electron affinity and the 
ionization energy, respectively. 

In the light of Koopmans theorem, for ionization 
energy, electron affinity, chemical hardness, electronega-
tivity, chemical potential and softness, the following equa-
tions can be given.28  

EA = - ELUMO and IP = - EHOMO         (1) 
χ = - μ = (IP + EA) / 2     (2) 
ƞ = (IP - EA) / 2    (3) 

σ = 1/ ƞ            (4) 
The chemical potential was found to be 3.3891 eV 

for the studied compound. According to electrophilicity, 
Eqs. (5)–(6) rely on its chemical potential (or electronega-
tivity) and chemical hardness.29  

ω = μ2/ 2 ƞ = χ2/ 2ƞ         (5) 
ɛ = 1/ ω           (6) 

Calculated electrophilicity and nucleophilicity for 
10-CN@DP compound are 3.2340 eV-1 and 0.3092 eV-1, 
respectively. It should be noted that electrophilicity pro-
vides data on the ability of an electron to accept a mole-
cule, whereas nucleophilicity is a Lewis basicity test .27 
DOS represents the number of states in unit energy inter-
val and their contributions to the chemical bonding 
through the COOP diagrams (Fig. 13). The bonding, anti-
bonding and nonbonding essence of the interaction of the 
two orbitals, atoms or groups, is expressed by the 
OPDOS. A positive value indicates a bonding relationship 
(due to the positive overlap population), a negative value 
indicates that there is an anti-bonding relationship (due to 
the negative overlap population), and a non-bonding inter-
action is indicated by a zero value. OPDOS diagrams 
display and compare the ligand donor-acceptor properties 
and check the non-bonding bonding. The PDOS is repre-
sented by the composition of the fragment orbitals belong-
ing to the MO. The total density states of the molecules 
are shown by carbon-nitrogen in the state density (DOS) 
of the 10-CN@DP compound. The positive energy of the 
carbon-nitrogen DOS is greater than that of the negative 
energy values.30,31. 

 
Table 4. Quantum chemical parameters of the compound 
10-CN@DP obtained by DFT 

Value Parameter 10-CN@DP 
EHOMO (eV) 
ELUMO (eV) 
Ionization potential (I= - EHOMO) 
Electron affinity (A= -ELUMO) 
Gap Energy (ELUMO - EHOMO)                           
Electronegativity (χ=(I+A)/2) 
Chemical hardness (n =(I-A)/2) 
Chemical softness (S=1/2n) 
Chemical potential (μ= -((I+A)/2)) 
Electrophilicity index (ω=μ2/2n) 

-0.21780  a.u 
-0.01197  a.u 
 0.21780  a.u 
 0.01197  a.u 
 5.58410 eV 
 0.114885 a.u 
 0.102915 a.u 
 0.0514575 a.u-1 
-0.114885 a.u 
 0.00067 a.u 

 

 

 
 

Fig. 12. The frontier molecular orbitals 
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Fig. 13. Density of state (DOS) spectrum of 10-CN@DP  
compound 

4. Conclusions 

In summary, the structural property of hybrid or-
ganic–inorganic material containing 10-CN@DP was 
characterized. The XRD analysis confirmed the triclinic 
structural symmetry of the crystals and the unit cell pa-
rameters were determined. It is possible to characterize the 
structural arrangement of the title compound as an alterna-
tion of organic and inorganic layers along with the direc-
tions [101] and [110], made up of [C10 H17ON2

+] and 
[H2PO4

-] atom groups. The optimized geometric parame-
ters (lengths of bonds, angles of bonds and angles of tor-
sion) were theoretically calculated and compared with the 
experimental values. The HF and DFT methods were 
almost in agreement with the experimental findings, and 
no superiority was found between the methods. In addi-
tion, using the Mulliken population method with HF/6-31 
G (d, p) and DFT / B3LYP/6-31 G basis sets, the net 
charge distribution of the title compound was determined. 
It was discovered from the Molecular Electrostatic Poten-
tial (MEP) map that the negative potential positions are on 
electronegative atoms, as well as the positive potential 
positions around the hydrogen atoms. These sites give 
information about the possible areas for inter and intermo-
lecular hydrogen bonding. The findings of the MEP and 
Mulliken population methods were confirmed by the 
chemical active regions of each other. The values of elec-
tronegativity, chemical hardness and softness have been 
calculated.  The stability and the cohesion of the structure 
were ensured by N-H...O hydrogen bonds.   We also re-
port a thorough study of the compound intermolecular 
interactions with the study of Hirshfeld surfaces and re-
lated fingerprint plots. The Hirshfeld surface study of the 

crystal structure states that the most relevant contributions 
to crystal packing are from interactions between H∙∙∙H / 
H∙∙∙∙∙H (63.3 %), H∙∙∙∙O / O∙∙∙∙H (32.2 %) and H∙∙∙C / C∙∙∙H 
(2.5 %). 
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ДОСЛІДЖЕННЯ ГІБРИДНОГО ОРГАНІЧНО-
НЕОРГАНІЧНОГО ДИГІДРОФОСФАТУ  

ЗА ДОПОМОГОЮ ПОВЕРХНЕВОГО АНАЛІЗУ  
ЗА ХІРШФЕЛЬДОМ ТА КВАНТОВО-ХІМІЧНОГО 

АНАЛІЗУ 
 

 
Анотація. У роботі вивчено органічно-неорганічний 

гібридний матеріал, який був успішно отриманий кислотно-
основною реакцією за кімнатної температури та структурно 
вивчений методом рентгенівської дифракції монокристалів. N-
(Дициклопропілметиламіно)-4,5-дигідро-1,3-оксазолію дигідро-
фосфат [10-CN@DP] кристалізується в триклінній системі з 
просторовою групою P-1. Рентгеноструктурний аналіз, 
підтверджений поверхневим аналізом кристалічної структури 
Хіршфельда, показує, що найбільший внесок у кристалічне 
упакування роблять H…H (63,3 %), H…O/O…H (32,2 %) і H… 
C/C…H (2,5 %) контакти. Розрахунки з використанням теорії 
функціонала густини, оптимізовані за геометрією, порівняно з 
експериментально визначеною структурою. Використовуючи 
той самий рівень теорії, створено зображення молекулярного 
електростатичного потенціалу (MEP), щоб відобразити хіміч-
ну реакційну здатність і розподіл заряду на молекулі, що вико-
ристовується для визначення діапазону енергетичної щілини 
ВЗМО-НВМО та густини стану (DOS). 
 

Ключові слова: ВЗМО-НВМО, густина стану, поверхневий 
аналіз Хіршфельда, поверхня електростатичного потенціалу. 

 
 


