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Highlights 

A new organic–inorganic hybrid trioxonitrate was synthesized at room temperature. 

 The atomic arrangement shows three-dimensional network. 

 The crystal packing stabilized by a set of hydrogen bonds also analyzed by Hirshfeld 

surface.  

 This compound was investigated by IR spectroscopy. 

 Antioxidant study, in vitro, shows significant scavenging capacity of free radicals (DPPH• 

and ABTS•). 
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ABSTRACT 

 The new inorganic-organic hybrid material 1-methylpiperazine-1,4-diium trioxonitrate 

(MPN) have been synthesized and crystallized to the orthorhombic system with space group 

Pnma and the lattice parameters obtained are a = 10.9385(9) Å, b = 6.5698 Å (4), c = 

13.7021(10) Å, V = 984.68(12) Å
3
 and Z = 4. The trigonal (NO3

-
) anions are connected to the 

1-methylpiperazine-1,4-diium cations via a large number of bifurcated and non-bifurcated N-

H…O and C-H…O hydrogen bonds. The diprotonated piperazine ring adopts a chair 

conformation, with the methyl group occupying an equatorial position. Intermolecular 

interactions in the crystal structure were quantified by Hirshfeld surface analysis. Infrared 

spectrum confirms the existence of the functional groups in the elaborated material. Optical 

absorption reveals an important band gap energy indicating stability of the title compound. 

The DTA/TGA and DSC curves indicate that the crystal is thermally stable up to 180 °C. The 

antioxidant properties were determined via the DPPH radical scavenging, the ABTS radical 

scavenging, hydroxyl radical scavenging and ferric reducing power (FRP). 

 

KEY WORDS: Hybrids; Crystal structure; Hirshfeld surface; Enrichment ratio; Antioxidant 

activity. 
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1. Introduction 

 A hybrid material is qualified when it comprises both organic and inorganic entities. 

The synergy between the thermal, optical and / or electrical properties of inorganic particles 

and the physicochemical properties of organic materials opens a scope for these objects in 

various fields’ namely optical, electrical conductivity and photochemistry [1-6]. The hybrid 

materials also penetrate application fields in the photo-catalysts [7, 8] as well as biology [9-

11] and medicine [12-14]. The structure of hybrid materials can be divided into two classes 

and in that function of levels of interaction between the organic and the inorganic phase [15]. 

Class I materials correspond to systems in which organic and inorganic components are linked 

by low-energy bonds. Class II materials correspond to systems where both components are 

linked together by high-energy bonds. The contribution of this work is on hybrid materials 

based on nitrate, they are developed by grafting a nitrate anion of an organic matrix, more 

particularly 1-methylpiperazine. On the other hand, the piperazine and its derivatives are 

widely used due to their interesting biological and pharmacology proprieties [16]. In these 

hybrid materials the nitrate anions and organic cations are ensured by electrostatic and van der 

Waals interactions which, together with hydrogen bonds, build a two-dimensional [17] or 

three-dimensional networks [18]. We report in this work chemical preparation, crystal 

structure study, Hirshfeld analysis, infrared spectroscopy, Optical absorption, thermal analysis 

and antioxidant activity of a novel organic trioxonitrate, C5H14N2(NO3)2. 

 

2. Experimental 

2.1. Chemical preparation 

 An aqueous solution containing 2 mmol of HNO3 in 10 mL of water was added to 1 

mmol of 1-methylpiperzine in 10 mL of ethanol. The obtained solution was stirred for 30 min 

and then left to stand at room temperature. Colorless prisms of the title compound were 

obtained after some days. Schematically the reaction can be written: 



C5H12N2     +    2HNO3                                       C5H14N2(NO3)2 

 

Crystallographic data (CIF) for the structure reported in this paper have been deposited in the 

Cambridge Crystallographic Data centre as supplementary materials N° CCDC 1479741. 

Copies of the data can be obtained, free of charge, from the Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

2.2. Investigation techniques 

2.2.1. X-ray Crystallography 

The intensity data were collected at 150 K using an APEXII, Bruker-AXS diffractometer with 

MoKα radiation (λ = 0.71073 Å). Absorption corrections were performed using the multi-scan 

technique using the SADABS program [19]. The total number of measured reflections was 

3785 among which 1213 were independent and 961 had intensity I > 2σ(I). The structure was 

solved by direct methods using the SIR97 program [20] and then refined with full-matrix 

least-square methods based on F
2
 (SHELXL-97) [21] with the aid of the WINGX program 

[22]. All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. 

The hydrogen atoms bonded to nitrogen atoms were located from a difference map. The rest 

of the H atoms were treated as riding, with C—H = 0.99 Å (methylene), or 0.98 Å (methyl), 

with Uiso(H) = 1.2Ueq(C-metylene atoms) and1.5Ueq(C-methyl atoms). 

 A final refinement on F
2
 converged at R(F

2
) = 0.044 and wR(F

2
) = 0.108. The 

parameters used for the X-ray data collection as well as the strategy for the crystal structure 

determination and its final results are reported in Table 1. An ORTEP [22]
 
drawing of the 

molecular structure is shown in Fig. 1.  

2.2.2. Physical measurements 

http://www.ccdc.cam.ac.uk/data_request/cif


 
IR spectrum was recorded in the range 4000 - 400 cm

-1
 with a with a NICOLET IR 

200 FT-IR infrared spectrometer.  

 UV–Vis spectrum was recorded on a Perkin-Elmer Lambda 19 spectrophotometer in 

the 200–800 nm range.  

 Thermal analysis was performed using a multimodule 92 Setaram analyzer operating 

from room temperature up to 500 °C at an average heating rate of 10 °C/min and the mass of 

the simple was 15.18 mg for DTA/TGA and 10 mg for DSC. 

 

2.3. Antioxidant activity [C5H16N2](NO3)2 (MPN) 

2.3.1. DPPH radical scavenging activity 

 The free-radical scavenging activity of the various concentrations of new compound 

(MPN), and ascorbic acid was measured with the stable radical diphenylpicrylhydrazyl 

(DPPH) in terms of radical-scavenging activity. 3 mL of DPPH (in methanol) was added to 

100 μL of compound (dissolved in methanol), at different concentrations (1- 0.2 mg/mL). 

After incubation 30 min, the absorbance was measured at 517 nm according to a described 

procedure [23]. Ascorbic acid was used as a positive control. Each study corresponded to 

three experiments, performed in duplicate. The scavenging activity was estimated based on 

the percentage of DPPH radicals scavenged by the following formula: 

DPPH radicals scavenged activity (%) = [(Acont − Atest)/Acont] × 100   where Acont is 

absorbance of control, Atest is absorbance of tested extract solution. 

2.3.2. ABTS radical scavenging activity 

 ABTS assay was performed according to the protocol [24]. The stock solution was 

prepared by mixing equal volumes of 7 mM ABTS solution and 2.45 mM potassium 

persulfate solution followed by incubation for 12 h at room temperature in the dark to yield a 

dark-colored solution containing ABTS•+ radicals. Working solution was prepared freshly 



before each assay by diluting the stock solution by mixing of stock solution to 50% methanol. 

Free radical scavenging activity was assessed by mixing 300 μL of compound (MPN) at 

various concentrations (1-0.2 mg/mL in methanol) with 3.0 mL of ABTS working standard. 

The absorbance was measured at 734 nm. Data for each assay was recorded in triplicate. 

Ascorbic acid was used as positive controls. The scavenging activity was estimated based on 

the percentage of ABTS radicals scavenged by the following formula: 

ABTS radicals scavenged activity (%) = [(Acont−Atest) / Acont] × 100 

Where Acont is absorption of control, Atest is absorption of tested compound. 

2.3.3. Hydroxyl radical scavenging ability 

 The effect of compound on hydroxyl radicals was assayed by using the deoxyribose 

method described by Halliwell and Gutteridge [25]. 2-Deoxyribose is degraded on exposure 

to hydroxyl radicals generated by Fenton’s reaction. The compound (MPN) and ascorbic acid 

(AA) was prepared in methanol. The reaction mixture contained 450 μL of 0.2 M sodium 

phosphate buffer (pH 7.0), 150 μL of 10 mM 2-deoxyribose, 150 μL of 10 mM FeSO4-EDTA, 

150 μL of 10 mM H2O2, 525 μL of H2O, and 75 μL of sample solution (0.2 - 1 mg/mL ). The 

reaction was started by the addition of H2O2. After incubation at 37°C for 30 min, the reaction 

was stopped by adding 750 μL of 2.8% trichloroacetic acid and 750 μL of 1% TBA in 50 mM 

NaOH, the solution was boiled for 10 min, and then cooled in water. The absorbance of the 

solution was measured at 520 nm. Ascorbic acid (0.2 - 1 mg/mL) was used as a positive 

control. The ability to scavenge the hydroxyl radical was calculated using the following 

equation: 

OH radical scavenging ability (%) = [(Acont−Atest) / Acont] × 100 

Acont = absorbance of the control (reacting mixture without the test sample), and Atest = 

absorbance of reacting mixture with the test sample. 

2.3.4. Reducing propriety 



 The reducing power of new compound (MPN) was assayed according to the method of 

Pulido et al (2000) [26]. Briefly, a methanolic solution of compound (MPN) (1 mL) at 

different concentration (0.2-1mg/mL) was mixed with 2.5 mL of phosphate buffer (0.2 M) 

and 2.5 mL of 1% potassium ferricyanide and incubated at 50 °C for 20 min. To this mixture, 

2.5 mL of 10% trichloroacetic acid was added and the mixture was centrifuged at 3000 rpm 

for 20 min. The upper layer (2.5 mL) was mixed with 2.5 mL of deionized water and 0.5 mL 

of 0.1% Ferric chloride and the same treatment was performed to a standard ascorbic acid 

solution and the absorbance taken at 700 nm. The reducing property was measured using the 

following equation: 

Reducing power (%) = [(Acont − Atest) / Acont] × 100 

Where Acont = absorbance of the control (reacting mixture without the test sample), and       

Atest = absorbance of reacting mixture with the test sample. 

3. Results and discussion 

3.1. Structure description 

 The asymmetric unit of the title salt, C5H14N2
2+

.2NO3
-
 contains a half of 1-

methylpiperzine-1,4-diium dications and two independent nitrate anions (Fig.1). Both kinds of 

ions have mirror planes passing through the entire nitrate anions and the N3, H3, N4, H4A, 

H4B and the methyl C atom of the C5H14N2
2+

. 

 

 In the title compound, the diprotonated 1-methylpiperazine are linked to the nitrate 

anions by multiple bifurcated N-H…O(O,O) and weak C-H…O hydrogen bonds, forming a 

three-dimensional network, with donor-acceptor distances varying between 2,737(2) and 

3,475(19) Å (Fig.2). Interatomic bond lengths and angles of the nitrate anions spread 

respectively within the ranges 1.232(2) – 1.263(2) Å and 118.62(18) – 120.80(17)°. These 

geometrical features have also been noticed in other related crystal structures [17, 18, 27]. It is 



worth noting that N1—O1, N1—O3 and N2—O4 distances are very long that another 

nitrogen-oxygen atoms, because O1, O3 and O4 are applied in strong hydrogen bonds (table 

3) while the remaining oxygen atoms are applied in weak hydrogen bonds. Geometrical 

parameters of the 1-methylpiperazin-1,4-dium dications are found to be in agreement with 

those of another similar structures of 1-methylpiperazin-1,4-diium dipicrate [28], 1-

methylpiperazinediium tetrasulfidotungstate monohydrate [29], 1-Methylpiperazine-1,4-dium 

bis(hydrogen oxalate) [30] and Bis(1-methylpiperazine-1,4-diium) di--bromido-

bis[tetrabromidobismuthate(III)] dihydrate [31].  The cyclic diamine adopts a chair 

confirmation with the methyl group occupying the equatorial position proved by the torsion 

angles C3-N3-C1-C2 : 175.28(14)° and C3-N3-C1
i
-C2

i
: -175.28(14)° [i: x, -y + ½, z], with 

puckering parameters: Q = 1.2556 Å, θ = 90° and φ = -16 ° [32] and atoms N3 and N4 

deviating by -0.341 and 0.229 Å, respectively from the least-squares plane defined by the 

remaining atoms in the ring.  

The 1-methylpiperzine-1,4-diium are located around the mirror y = 1/4 and ¾ of the 

orthorhombic cell. The C-C distance is equal to 1,507(2) Å and the N–C distances, the C–N–

C and C–C–N angles are similar and lie within the ranges 1,485(3) – 1.5005 (17) Å, and 

108,93(15) – 112,19(16)°, respectively. 

The crystal structure of (C5H14N2)(NO3)2 is stabilized by an involved three-

dimensional hydrogen bonding arrangement (Table 3). The nitrate oxygen atoms are 

implicated in hydrogen bonding as acceptors while the protonated amine groups are 

exclusively donors. Moreover, this structure exhibits two types of hydrogen bonds, the first 

type, N–H…O, with D…A distance ranging from 2.737(2) to 3.282(3) Å. While the second 

one, C–H…O, with D…A distance spreading from 3.077(2) to 3.4753(19) Å. A three-

dimensional frame work is then created.  



 In order to quantify the various intermolecular interactions, Hirshfeld surface [33] and 

their associated finger print plots [34] were calculated using Crystal Explorer 3.1 [35]. 

 

3.2. Hirshfeld Surface Analysis 

 The 3D Hirshfeld surfaces and 2D fingerprint maps are unique for each molecule in 

the asymmetric unit of a given crystal. The Hirshfeld dnorm surfaces of 1-methylpiperazine-

1,4-dium dinitrate are shown in Fig. 3. The normalized contact distance (dnorm) based on both 

de, di and the vdw radii of the atom, given by Eq. (1) enables identification of the regions of 

particular importance to intermolecular interactions [36]: red regions (distances shorter than 

sum of vdW radii), white region (represent the distance of contact which is exactly the vdW 

separation), blue regions (distances longer than sum of vdW radii). The red regions on the 

dnorm surface illustrate the significant N-H…O and C-H…O hydrogen bonding between 

ammonium group and nitrate anion.  

      = 
     

   

  
    + 

     
   

  
        (1) 

 

 Here, we estimate the intermolecular contacts, which are shown in Fig. 4. The above 

analysis (Fig. 5) can be done by quantitative calculation of 2D fingerprint polts through the 

CrystalExplorer program. This figure represents the major contributors contacts on the surface 

of Hirshfeld namely H ... H and O ... H / H ... O contacts. The interatomic contacts O…H / 

H…O  have the greatest contribution to the surface of Hirshfeld (71.2%), they are represented 

by two sharp symmetric spikes in the two-dimensional fingerprint maps, with a maximum de 

+ di ~ 1.83Å (Fig. 5a). This value is less than the sum of van der Waals radii of oxygen (1.52 

Å) and hydrogen (1.09Å) atoms; it confirms that the inter-contact is considered as being close 

contact. The H…H contacts appear in the middle of the scattered points in the two-



dimensional fingerprint maps; they comprise 23% of the entire surface of Hirshfeld. The 

round single peak at de + di ~ 2.3Å (Fig. 5b) results from a long interatomic H…H contact. 

 The enrichment ratio (ER) of a pair of elements is defined as the ratio between the 

proportion of actual contacts in the crystal and the theoretical proportion of random contacts 

[37]. The enrichment of contacts was calculated for all the sum of single moieties present in 

the molecule (Table 4). The ER value of approximately 1.54 and 1.93 for the O…H/H…O 

and O…N/N…O contacts respectively clearly provides evidence for the formation of N-

H…O interactions. The H…H contacts are the second most frequent interactions due to the 

large quantity of hydrogen on the molecular surface (23.2 %), but they have too small degree 

figured with an enrichment ratio of 0.66 [38]. The group 1-methylpiperazine-1,4-diium is 

devoid of double and triple bonds. This chemical edifice has a large number of hydrogen 

atoms on their surface (SH = 59.1 %), on the other hand carbon atoms are rarely present at the 

molecular surface (SC = 0 %), as they generally form four bonds with other atoms, therefore 

we can notice that the C…C contacts are completely disfavored in (C5H14N2
2+

) with an 

enrichment ratio (Ecc = 0). The ER relates to the contacts of O...O and N...H/H...N are of low 

meaning as they are derived from less important interactions with small contributions in the 

all parts Hirshfeld surface. 

 The electrostatic potentials were determined by TONTO [39] integrated with Crystal 

explorer 3.1 [35] and were represented on Hirshfeld surfaces employing the STO-3G basis 

level over a range ±0.14 a.u. The presence of N-H…O interactions between the pair of (NO3
-
) 

anions and (C5H14N2
2+

) cations can be observed trough their corresponding Hirshfeld surfaces 

mapped over the electrostatic potential (Fig. 6). In addition, the negative potential around the 

oxygen atoms (acceptors) appear as light-red cloud and the positive potential (donors) around 

1-methylpiperazine-1,4-diium nitrogen atoms as a light-blue cloud. 



 Such visual analysis for intermolecular interactions is coherent with those noticed by 

the X-ray diffraction analysis. 

 

3.3. Vibrational studies of C5H14N2(NO3)2 

 To gain information on the crystal structure, we have undertaken a vibrational study 

using infrared absorption. The infrared spectrum of MPN measured between 4000 and 400 

cm
−1

 and recorded at room temperature is shown in Fig. 7. Although a detailed assignment of 

all the bands is difficult, the most important attribution mode is realized by comparison with 

similar compounds and to the literature [40-42]. NO3
-
 is planar and has three equivalent N–O 

bonds (D3h symmetry). The six vibrational (3N-6) degrees of freedom lead to two bending and 

two stretching modes, of which two are doubly degenerate. The two bending modes (E′ and 

A2
’’
) are infrared-active but have low intensity. The symmetric stretching vibration ν1 (A1

’
) is 

not infrared-active, while the degenerate ν3 (E’) asymmetric stretching vibration is infrared-

active. The results of the infrared spectroscopic analyze are reported in Table 1. Two sharp 

bands are observed at 1176 and 1093 cm
-1

. The bands are assigned to the ν1 NO3 symmetric 

stretching vibration. Two intense bands are observed at 1397 and 1314 cm
-1

 and may be 

assigned to the ν3 NO3 asymmetric stretching vibration. The bands between 900 and 688 cm
−1

 

are assigned to the ν3 NON in-plan bending mode. The bands at 1028 and 992 cm
-1

 attributed 

to the out-of-plan bending vibrations ν2. 

 In the high-frequency region between 3090 and 2590 cm
-1

, the observed bands 

correspond to the stretching vibrations of the NH, NH2, CH2 and CH3 groups. Weak N–H···O 

bonds (2,737(2) – 3,282(3) Å) are manifested in the vibrational spectrum as perturbed NH
+
 

and NH2
+
 groups vibrations of the diprotonated piperazinium cations. The most intense IR 

band in experimental spectrum, located at 1663 cm
-1

, corresponds to the deformation mode 

δ(NH). The deformation modes of the double bonds –CH2 and -CH3 and the stretching mode 



of the bond C-N are assigned to bands located between 1550 and 1300 cm
-1

. The bands with 

frequency at 1176, 1084, 1047 and 909 cm
-1

 are ascribed for the (C-N), ν(C-C), δ(C-H) and 

δ(N-H). Finally, those bands seen at 826, 756, 752 and 688 are credited to CCN and CNC 

deformation respectively.     

 3.4. UV absorption of C5H14N2(NO3)2 

 The UV–Visible spectra of 1-methylpiperazine-1,4-dium dinitrate in ethanol solution 

shows one broad band at λ = 302 nm (Fig. 8a), indicates the n transition of the nitrate 

group. In addition, the electronic spectrum of C5H14N2(NO3)2 provided by using the Tauc 

model [43], optical band gap of 3.8 eV as reported in Fig. 8b, suggesting that the materials 

may possess semiconducting properties [44]. 

 

3.5. Thermal behavior 

 Thermal analysis DTA-TGA of C5H14N2(NO3)2 (Fig. 9) was performed in air with a 

heating rate equal to 10 °C.min
-1

. The TGA curve shows that the title compound is stable until 

180°C and the DTA curve highlights the presence of an endothermic peak at 189 °C without 

loss of mass. This peak corresponds to the melting of our product. Indeed treatment of our 

sample on a Kofler bench in the vicinity of 190 °C shows the fusion of the compound. A 

second peak located at 223 °C accompanied by a weight loss, this peak is assigned to the total 

combustion of our compound. This mass loss is related to the degradation of the organic part 

which is confirmed by obtaining a black residue carbon at the end of the experiment. 

 The analysis differential scanning calorimetry of C5H14N2(NO3)2 conducted under 

atmosphere of argon and with a heating rate equal 5 K.min
-1

. The DSC diagram shown in Fig. 

10 highlights an endothermic peak around 187 °C (∆Hmelting = 26.24 kJ.mol
-1

) followed by an 

exothermic combustion at 212 °C. These two phenomena are also previously observed by 

differential thermal analysis (DTA). 



 

3.6. In vitro antioxidant activity [C5H16N2](NO3)2 (MPN) 

 The most abundant free radicals in biological systems are the oxygen-centered free 

radicals and their metabolites, usually referred to as ROS [45]. ROS are formed continuously 

as normal by-products of cellular metabolism; and, in low concentrations, they are essential 

for several physiological processes. However, when produced in excess, ROS can damage cell 

functionality as they can harm cellular lipids, proteins, and DNA [46]. Now days, interest is 

focused on the synthesis of new compounds with potential applications, such as cancer 

diagnosis and treatment of tumor [47]. 

 The objective of this study was to evaluate the antioxidant activity of new derives 

compounds of MPN. The antioxidant properties were determined via the DPPH radical 

scavenging, the ABTS radical scavenging, ferric reducing power (FRP), hydroxyl radical 

scavenging and ferrous ion chelating activity (FIC). 

 

3.6.1. DPPH radical scavenging activity 

 

 The result showed remarkable scavenging activity was presented in Fig. 11. The 

derive had the highest capacity of scavenging DPPH radicals with percentage of inhibition 

58.69 ±0.91% (IC50=0.96 mg/mL) at the concentration (1mg/mL) and compared with 

ascorbic acid at the same concentration 91.35±1.048 % (IC50=0.476 mg/mL). 

3.6.2. ABTS radical scavenging activity 

 Differences for the ABTS•+ (2, 2 azobis-(3-ethylbenzothiozoline-6-sulphonic acid) 

radical scavenging capacities of each sample was recorded in figure 12. The compound 

(MPN) was presented the highest capacity of scavenging at the high concentration (1mg/mL) 



with value 40.141± 1.21% (IC50=1.115) and ascorbic acid at the same concentration 

66.79±3.91 % (IC50=0.733). 

3.6.3. Hydroxyl radical scavenging ability 

 The results were summarized in the figure 13 reported that MPN  has a slight hydroxyl 

radical scavenging activity followed at highest concentration (1mg/mL) 38.79± 1.15 

%(IC50=1.157) and compared with ascorbic acid at the same concentration (1mg/mL) the 

percentage of inhibition was 72.7 ± 1.86% (IC50=0.68). 

3.6.4. Reducing propriety 

 The results was presented in figure 14 demonstrated that the  most effective for 

reducing property to compare to that of ascorbic acid and the percentage in the highest 

concentration (1mg/mL) is AA 78.77± 0.94 % (IC50=0.545) and MPN 55.35±0.75 % 

(IC50=0.81); 

4. Concluding remarks 

 Single crystals of C5H14N2(NO3)2 have been productively grown at room temperature. 

The new compound was investigated by single crystal X-ray diffraction. Crystal structure of 

this compound was found to be built by trioxonitrate anions and 1-methylpiperazine-1,4-

diium cations associated through manifold H-bonds type N–H…O  and C-H…O, forming a 

three-dimensional arrangement. The Hirshfeld surface analysis reveals the percentage of 

intermolecular contacts of the title compound. The vibrational properties of this structure were 

studied by infrared spectroscopy. The assignment of the vibrational bands was performed by 

comparison with the vibration modes frequencies of homologous compounds. The thermal 

analyses illustrate the stability of MNP up to 180°C. Also the optical absorption shows the 

important band gap energy indicative of stability of the title compound. Furthermore this 

compound was found to be the applicant exhibiting antioxidant property; this is demonstrated 



by scavenging DPPH radicals, ABTS radicals, reducing property and slight hydroxyl radical 

scavenging to that of ascorbic acid.  
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Figures captions 

Fig. 1. ORTEP drawing of C5H14N2(NO3)2 with the atom-labeling scheme. Displacement 

ellipsoids are drawn at the 30 % probability level. H atoms are represented as small spheres of 

arbitrary radii and the hydrogen atoms of the methyl group possess occupations 0.5. 

Symmetry code: (i) x, -y +1/2, z 

Fig. 2. Projection of C5H14N2(NO3)2 structure along the c axis.  

Fig. 3. dnorm mapped on the Hirshfeld surface for visualizing the intermolecular interactions of 

the title 1-methylpiperazine-1,4-dium dinitrate compound. Color between -0.677 a.u. (blue) to 

1.253 a.u. (red). Dotted lines (red) represent hydrogen bonds. 

Fig. 4. Percentage of various intermolecular contacts contributed to the Hirshfeld surface. 

Fig. 5. Fingerprint plots of the contacts: O…H/H…O (a) and H…H (b). Surfaces to the right 

highlight the relevant surface patches associated with the specific contacts, with dnorm mapped 

in the same manner as Fig. 1. 

Fig. 6. Electrostatic potential mapped on the Hirshfeld surface within ±0.14 a.u. blue region 

corresponds to the positive electrostatic potential and red region to negative electrostatic 

potential. 

Fig. 7. Infrared absorption spectrum of C5H14N2(NO3)2. 

Fig. 8. Solution state UV/vis spectra of C5H14N2(NO3)2 (a) and determination of the energy 

gap (b) for 1-methylpiperazine-1,4-dium dinitrate compound according to the Tauc model. 

Fig. 9. DTA and TGA curves of C5H14N2(NO3)2 at rising temperature. 

Fig. 10. DSC curve of C5H14N2(NO3)2. 

Fig. 11. DPPH Radical Scavenging Activity: tested compound (MPN), AA (ascorbic acid). 

Fig. 12. ABTS radical scavenging ability: tested compound (MPN), AA (ascorbic acid). 

Fig. 13. OH radical scavenging ability: tested compound (MPN), AA (ascorbic acid). 

Fig. 14. Reducing power assay: tested compound (MPN), AA (ascorbic acid). 
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Fig. 14 

 

 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0.2 0.4 0.6 0.8 1 

O
H

 r
ad

ic
al

 s
ca

ve
n

gi
n

g 
%

 

Concentration (mg/mL) 

AA 

MPN 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0.2 0.4 0.6 0.8 1 

R
e

d
u

ci
n

g 
p

ro
p

re
ty

 %
 

Concentration (mg/mL) 

AA 

MPN 



 

 

 

 

 

 

 

 

 

 

0 

20 

40 

60 

80 

0.2 0.4 0.6 0.8 1 O
H

 r
ad

ic
al

 s
ca

ve
n

gi
n

g 
%

 

Concentration (mg/mL) 

AA 

MPN 

Graphical Abstract



Tables captions 

Table 1. Crystal data and experimental parameters used for the intensity data collection 

strategy and final results of the structure determination. 

Table 2. Principal intermolecular distances (Å) and bond angles (°) in [C5H14N2](NO3)2 

Table 3. Hydrogen-bonds geometry (Å, °) in [C5H14N2](NO3)2 

Table 4. Enrichment ratio of different inter-contact and percentage of each atom on the 

surface Hirshfeld in C5H14N2(NO3)2. 

  

Table(s)



Table 1 

Temperature      150K 

Empirical formula     [C5H14N2](NO3)2 

Formula weight (g mol
-1

)    226.2 

Crystal system     orthorhombic 

Space group      Pnma 

a       10.9385(9) Å 

b       6.5698(4) Å 

c       13.7021(10) Å 

Z       4 

V       984.68 (12) Å
3
 

F(000)       480 

(Mo K)      0.14 mm
−1

 

Index ranges      -8 ≤ h ≤ 8, -10 ≤ k ≤ 14, -17 ≤ l ≤ 13 

Reflections collected     3785 

Independent reflections    1213    

Reflections with I ˃ 2(I)    961 

Rint       0.046 

Absorption correction: multi-scan    Tmin =  0.883, Tmax = 0.984 

Refined parameters      92 

R[F
2
  ˃ 2(F

2
]      0.044 

wR(F
2
)       0.101 

Goodness of fit     1.07 

ρmax = 0.234 e Å
−3

      ρmin = -0.258 e Å
−3

  

 

 

 

new%20_cell_volume


Table 2 

N1—O2 1.233 (2) N3—C1 1.5005 (17) 

N1—O3 1.261 (2) C3—N3 1.485 (3) 

N1—O1 1.263 (2) C1—C2 1.507 (2) 

N2—O5 1.232 (2) N3—C1
i
 1.5005 (17) 

N2—O6 1.235 (2) C2—N4 1.4905 (17) 

N2—O4 1.258 (2) N4—C2
i
 1.4905 (18) 

O2—N1—O3 120.80 (17) N3—C1—C2 110.23 (12) 

O2—N1—O1 120.49 (17) N4—C2—C1 110.96 (12) 

O3—N1—O1 118.70 (16) C2—N4—C2
i
 112.19 (16) 

O5—N2—O6 121.65 (19) C3—N3—C1
i
 112.03 (10) 

O5—N2—O4 118.62 (18) C3—N3—C1 112.03 (10) 

O6—N2—O4 119.73 (18) C1
i
—N3—C1 108.93 (15) 

Symmetry code: (i) x, −y+3/2, z. 

 

  



Table 3 

D—H···A D—H H···A D···A D—H···A 

N3—H3···O4 0.92 (3) 1.82 (3) 2.737 (2) 172 (3) 

N3—H3···O5 0.92 (3) 2.58 (3) 3.282 (3) 133 (2) 

N4—H4A···O3
ii
 0.85 (3) 2.09 (3) 2.893 (2) 159 (3) 

N4—H4A···O1
ii
 0.85 (3) 2.38 (3) 3.103 (3) 143 (3) 

N4—H4B···O1
iii

 0.97 (3) 1.87 (3) 2.837 (2) 176 (2) 

N4—H4B···O2
iii

 0.97 (3) 2.49 (3) 3.077 (2) 119 (2) 

C1—H1A···O1
iv

 0.99 2.47 3.272 (2) 138 

C1—H1B···O3
v
 0.99 2.57 3.4753 (19) 153 

C2—H2A···O5
iv

 0.99 2.50 3.287 (2) 136 

Symmetry code: (i i) −x−1/2, −y+1, z−1/2; (iii) −x, −y+1, −z+1; (iv) −x−1/2, y+1/2, z−1/2; (v) x, y+1, z. 

  



Table 4 

 

Enrichment H N O 

H 0.66 0.41 1.54 

N   1.93 

O   0.16 

% Surface 59.1 1.45 39.2 

 

 

 


