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ABSTRACT: Here, we report the synthesis, characterization and catalytic evaluation of  

Ni-Cu-Mg ferrite using tragacanth gum as biotemplate and Metals nitrate as the metal source  

by the sol-gel method without using any organic chemicals. The sample was characterized by powder 

X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FT-IR), Vibrating Sample 

Magnetometer (VSM) and Scanning Electron Microscopy (SEM). The X-Ray powder Diffraction (XRD) 

analysis revealed the formation of cubic phase ferrite MNPs with an average crystallite size of 19 

nm. Magnetic analysis revealed that the Ni-Cu-Mg ferrite nanoparticles had a ferromagnetic 

behavior at room temperature with a saturation magnetization of 27.85 emu/g. The catalytic activity 

of Ni-Cu-Mg ferrite MNPs was evaluated for the synthesis of 2,4,6,8,10,12-hexabenzyl-2,4,6,8,10,12-

hexaazatetracyclo [5.5.0.05,9.03,11 ] dodecane (HBIW) under ultrasonic irradiation. The catalyst 

could easily be recycled and reused few times without noticeable decrease in catalytic activity. 
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INTRODUCTION 

In the last decade, nanostructured materials have long 

been considered as new properties such as magnetic, 

electronic, catalysis, energy science, optoelectronics, 

photo-electrochemical, biomedical sciences, energy 

science, mechanical, and optical materials in nano 

dimensions that these properties cannot be observed  

in bulk [1-11]. Nowadays, The use of magnetic nanoparticles 

as a catalyst taken into consideration because of their 

advantages such as green, low-cost, efficient, magnetic 

properties and reusable catalysts [12-16]. The properties 

of ferrites can be improved by substitutions or additions,  

 

 

 

and also by controlling the sintering temperature and time 

[17,18]. The current tendency is focused on doped ferrite 

materials prepared via numerous synthesization techniques 

with several cation concentrations that in turn affect the 

various properties such as electrical, dielectric, and magnetic. 

Ni–Cu–Mg ferrites are used as standard soft magnetic 

materials for multilayer ferrite inductors because of their 

low sintering temperature and full performance up to 

MHz frequencies. Correlations among the composition of 

Ni–Cu–Mg ferrites and their sintering performance  

and magnetic properties have been studied [19-21]. 
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Since the defense industry is a model for development 

in various industries, a possible way to execute this 

progress consists of the designing of highly energetic 

compounds that provide the explosion power superior  

to any existing substance. Cage crystal molecules containing 

the nitro groups are important and widely used as high 

energetic materials that much attention have attracted  

in the last ten years [22,23]. According to the theoretical 

predictions on the physicochemical and explosion 

characteristics, polycyclic nitramines, in particular, 

hexanitrohexaazaisowurtzitane, HNIW, CL-20, is a 

unique representative of this class of compounds [24-26]. 

Hexabenzylhexaazaisowurtzitane (HBIW) is used as  

a precursor for the synthesis of HNIW. The only available 

method for the construction of the HBIW cage is based 

on the condensation of glyoxal with benzylamine in the 

presence of formic acid as a catalyst [27,28]. This method 

is efficient; however, the catalyst recovery/reuse  

is not possible. Therefore, the introduction of efficient 

procedures with easily separable and reusable catalysts 

for the preparation HBIW is needed. For this purpose  

use of magnetically catalysts like Ni-Cu-Mg ferrite has 

received considerable attention as remarkable catalytic 

activity, easy synthesis, nontoxic, reusability, economic 

viability, ecofriendliness, and recoverability encouraged 

us to utilize it as a catalyst for the synthesis of HBIW. 

Gums are naturally occurring polysaccharide components 

in plants, which are mostly green, economical, and easily 

available. Tragacanth Gum (TG) is a naturally occurring 

complex, an acidic polysaccharide derived as an exudate 

from the bark of Astragalus gummifer (Fabaceae family), 

a native tree of western Asia. It is commercially produced 

mostly in Iran and Turkey [29,30,13]. In this work,  

we have synthesis Ni-Cu-Mg ferrite nanoparticles using TG 

by the sol-gel method as a cheap, facile and friendly 

approach to the nature. The catalytic activity of  

Ni-Cu-Mg ferrite nanoparticles has been evaluated for  

the synthesis of HBIW with a facility and appropriate method 

under eco-friendly conditions, as shown in Scheme 1.  

In the phenomenon of reductive hydrogenolysis 

(acetyl debenzylation) of HBIW, one of the intermediate 

products (polyacetylpolybenzyl derivative) was 

TADBIW. Best yields were obtained by catalytic 

hydrogenolysis using palladium hydroxide on carbon 

with acetic anhydride solvent along with the acid 

promoter like HBr under atmospheric pressure of 

hydrogen [31]. The chemical representation of the 

synthesis of HNIW through HBIW is given in Scheme 2. 

 

EXPERIMENTAL SECTION 

General Information 

The Tragacanth Gum (TG) was obtained from a local 

health food store. 

All the chemicals were purchased from Fluka AG, 

Merck, daijung (Darmstadt, Korea) Aldrich and were used 

without further purification. The reactions were monitored 

by TLC. Sonication was performed in a Bandelin (Berlin, 

Germany) SONOPULS ultrasonic homogenizers with 20-kHz 

processing frequency, a nominal power of 250 W,  

and uniform sonic waves. Melting points were measured 

with an Electrothermal 9100 apparatus (LABEQUIP LTD., 

Markham, Ontario, Canada) and are uncorrected.  
1H (DMSO-d6) and 13C NMR (DMSO-d6) spectra were 

recorded on a Bruker DRX-250 Avance spectrometer at 

250.13 and 62.90 MHz, respectively.  

The structural properties of NiCuMgFe2O4 MNPs 

were analyzed by X-Ray Powder Diffraction (XRD) with 

a X'Pert-PRO advanced diffractometer using Cu (Kα) 

radiation (wavelength: 1.5406 Å), operated at 40 KV and 

40 MA at room temperature in the range of 2θ from 20 to 70. 

InfraRed spectra were recorded on a Mattson (Unicam 

Ltd., Cambridge, UK) 1000 Fourier transform infrared 

spectrophotometer using KBr technique. The particle size 

and morphology of the sample surfaces was studied  

by a Scanning Electron Microscope (Zeiss EVO 18). The 

magnetic properties of the sample was detected at room 

temperature using vibrating sample magnetometer (VSM, 

Meghnatis Kavir Kashan Co., Kashan, Iran).  

 

Preparation of Ni0.35Cu0.25Mg0.4Fe2O4 MNPs 

To prepare Ni0.35Cu0.25Mg0.4Fe2O4 MNPs, Ni 

(NO3)2.6H2O, Cu (NO3)2.3H2O, Mg (NO3)2.6H2O, and  

Fe (NO3)3. 9H2O were used as starting materials. Firstly, 

0.2 g of the Tragacanth Gum (TG) was dissolved in 40 mL 

of deionized water and stirred for 80 min at 70 ºC to 

achieve a clear Tragacanth Gel (TG) solution. After that, 

the stoichiometric mixtures of the mentioned materials 

were added to the TG solution and, the container was moved 

to a sand bath. The temperature of the sand bath was fixed 

at 75 ºC and stirring was continued for 12 h to obtain  

a brown color resin. The final product was calcined  

at 700 ºC in air for 4h to obtain Ni0.35Cu0.25Mg0.4Fe2O4 MNPs. 
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Scheme 1: Synthesis of HBIW in the presence of Ni-Cu-MgFe2O4 MNPs. 

 

 

 

 

 

 

 

 

 

Scheme 2: Synthesis of HNIW from HBIW. 

 

Typical procedure for synthesis of HBIW  

Benzylamine (0.0085 mol, 0.937 mL), NiCuMgFe2O4 

MNPs (10% mol with respect to glyoxal), acetonitrile 

(7.75 mL), and water (0.775 mL) was placed in a round-

bottomed flask of 100 mL. The reaction mixture was 

stirred at room temperature and glyoxal (40% aqueous 

solution; 0.00375 mol, 0.427 mL) was added dropwise 

(15 min). Then the mixture was irradiated with ultrasound 

under a power of 150W for 5 min. Formation of HBIW 

monitored by TLC. After the completion of the reaction, 

the NiCuMgFe2O4 MNPs were removed by an external 

magnet. The precipitate was collected by simple paper 

filtration and purified via recrystallization from ethanol. 

For further purification can use of ethyl acetate.  

The reaction yield is 91% based on the obtained 

recrystallized product. 

 

Data Spectra of Product 

White solid; m.p.: 155–157 ºC.  

FT-IR (KBr): 3022, 2942, 2835, 1951, 1601, 1450, 

1351, 1169, 1138, 989, 926, 836, 732, 699. 1HNMR 

(CDCl3) δH: 7.24–7.28 (m, 30H, phenyl CH), 4.16 (s, 4H, 

CH2), 409 (s, 8H, CH2), 4.04 (s, 4H, CH), 3.57 (s, 2H, 

CH). 13CNMR (CDCl3): 56.21-56.88 (6C, CH2-phenyl), 

76.51-80.64 (6C, CH (skeletal), 126.62-140.74 (36C, 

phenyl). 

RESULTS AND DISCUSSION 

Catalyst characterization 

FT-IR spectra were recorded in solid phase using  

the KBr pellet technique in the range of 400-4000 cm−1.  

Fig. 1 shows the IR spectrum of the sample calcined  

at 700°C for 4 hours. According to Fig. 1, two strong 

absorption bands ν1 and ν2 are observed at 586 cm−1 and 

425 cm−1, respectively. The difference between ν1 and ν2 

is due to the changes in bond length (Fe-O) at the 

octahedral and tetrahedral sites. The bands at 3418 cm−1 

and 1634 cm−1 are characteristic for hydroxyl group (O-H). 

The peaks at 1435 cm-1 and 1017 cm-1 may be ascribed  

to C-O and -C-O-C stretching modes [32]. 

The crystal structure confirmation analysis was carried out 

by the X-ray diffraction patterns. XRD pattern of the 

product obtained by calcination of the precursor at  

700 °C is shown in Fig. 2.  

XRD analysis showed a series of diffraction peaks  

at 2θ of 30.37, 35.64, 37.22, 43.25, 53.65, 56.75 and 62.88 

could be assigned to (220), (311), (222), (400), (422), 

(511) and (440) planes, respectively. All the diffraction 

peaks were readily indexed to a pure cubic structure 

ferrite (JCPDS Card no. 44-1485) with a=b =c= 8.354 Å. 

No diffraction peaks of other impurities were observed. 

The average particle size of ferrite nanoparticles was determined 

from the Full Width at Half Maximum (FWHM) 
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Fig. 1: FT-IR spectrum of Ni0.35Cu0.25Mg0.4Fe2O4 MNPs 

calcined in air at 700 oC for 4 h. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: XRD pattern of Ni0.35Cu0.25Mg0.4Fe2O4 MNPs calcined 

in air at 700 oC for 4 h. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM micrograph of the Ni0.35Cu0.25Mg0.4Fe2O4 MNPs 

calcined in air at 700 oC for 4 h. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Magnetization curve of Ni0.35Cu0.25Mg0.4Fe2O4 MNPs 

calcined in air at 700 oC for 4 h. 

 

of the XRD patterns using the well- known Scherrer 

formula: D = 0.9λ/βcos θ 

Where D is the crystallite size (nm), β is the full width 

at half maximum of the peak, λ is the X-ray wavelength 

of Cu Kα= 0.154 nm and θ is the Bragg angle [33]. Using 

the above method we obtained an average crystallite size 

of 19 nm for Ni0.35Cu0.25Mg0.4Fe2O4 MNPs. 

The SEM image shows the particle size and external 

morphology of the ferrite nanoparticles that calcined  

at 700 ºC for 4h (Fig. 3). It can be seen from the SEM 

image, the ferrite nanoparticles have fairly uniform 

spherical shape and narrow size distributions. 

To study the magnetic behavior of 

Ni0.35Cu0.25Mg0.4Fe2O4-NPs, magnetization measurements 

recorded with VSM were performed. As can be observed 

in Fig. 4, the specific saturation magnetization value was 

measured to be 27.85 emu/g for Ni0.35Cu0.25Mg0.4Fe2O4-NPs. 

Remanence magnetization (Mr) and coercivity (Hc) values of 

the Ni0.35Cu0.25Mg0.4Fe2O4-NPs calcined at 700 °C are 

89.35 Oe and 3.32 emu/g, respectively. The sample exhibited  

a magnetic property in the presence of a magnetic field. 

The prepared Ni-Cu-MgFe2O4 MNPs was investigated  

as a catalyst in the synthesis of HBIW under ultrasonic irradiation. 

We optimized the reaction conditions such as catalyst 

amount, ultrasonic power, type of solvent and reaction times.  

 

Effect of amount catalyst on product yield  

In order to verify the effect of catalyst on product 

yield, the reaction between benzylamine and glyoxal  

was done under different catalytic conditions. As shown 

in Table 1, the optimum yield of the product was obtained 

when 10 mol % of catalyst was used. It was found that  

in the absence of a catalyst, the product was obtained  

in 14% yield within 5 min. 

 

Effect of various solvent on the product yield  

The effect of solvent on the yield of HBIW is given  

in Table 2. In these experiments, we observed that 
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Table 1: Effect of the amount of catalyst in the synthesis of HBIW. 

Entry Catalyst (mol%) ultrasonic power (W) Time (min) Yield (%)a 

1 None 150 5 14 

2 3 150 5 64 

3 5 150 5 81 

4 10 150 5 91 

5 15 150 5 91 

6 20 150 4 86 

Reaction conditions: benzylamine (0.0085 mol, 0.937 mL), glyoxal (0.0037 mol, 0.427 mL), CH3CN (7.75 mL), H2O (0.775 mL), and Ni-Cu-MgFe2O4 

MNPs (10% mol with respect to glyoxal)  
a Isolated yields 

 
Table 2: Synthesis of HBIW in the presence of Ni-Cu-MgFe2O4 MNPs in different solvents. 

Entry Solvent Yielda (%) 

1 Acetonitrile 91 

2 Chloroform 56 

3 Ethanol 61 

4 Methanol 71 

5 Dichloromethane 53 

Reaction conditions: benzylamine (0.0085 mol, 0.937 mL), glyoxal (0.0037 mol, 0.427 mL), solvent (7.75 mL), H2O (0.775 mL), and Ni-Cu-MgFe2O4 

MNPs (10% mol with respect to glyoxal).  

aYield of  product under ultrasound irradiation (5 min, 150 W). 

 
Table 4: Effect of Power ultrasonic irradiation on the synthesis of HBIW. 

Entry Power  (W) Time  (min) Yielda  (%) 

1 50 5 58 

2 100 5 78 

3 150 5 91 

4 200 5 90 

Reaction conditions: benzylamine (0.0085 mol, 0.937 mL), glyoxal (0.0037 mol, 0.427 mL), acetonitrile (7.75 mL), H2O (0.775 mL), and Ni-Cu-

MgFe2O4 MNPs (10 % mol with respect to glyoxal).  
aYield of  product 
 

the reaction between benzylamine with glyoxal was 

solvent dependent (Table 2). We found that acetonitrile 

was the best solvent for this reaction. 

 

Influence of reaction time on product yield 

Since the amount of catalyst and solvent were 

optimized, the influence of reaction time on the reaction 

was studied in the next step. The effect reaction time on 

performance HBIW examined and the results are reported 

in the Table 3.  

Influence of Ultrasound Power on product yield 

The effect of ultrasonic power inputs from 50 to 200W  

on the synthesis of HBIW was evaluated (Table 4).  

The reaction yield increased with the ultrasonic power  

at 150 W in comparison to 50 and 100 W but decreased  

at 200 W. 

 

Reusability of the Ni-Cu-MgFe2O4 MNPs 

The catalytic activity and the ability to recycle and 

reuse Ni-Cu-MgFe2O4 MNPs were studied in this system. 
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Table 5: Reusability and recovery of the Ni-Cu-MgFe2O4 MNPs catalyst. 

Run Yield (%)a Recovery of Ni-Cu-MgFe2O4 MNPs (%) 

1 91 98 

2 91 98 

3 89 95 

4 87 94 

5 87 94 

Reaction conditions: benzylamine (0.0085 mol, 0.937 mL), glyoxal (0.0037 mol, 0.427 mL), acetonitrile (7.75 mL), H 2O (0.775 mL) and Ni-Cu-

MgFe2O4 MNPs (10% mol with respect to glyoxal).  

aYield of  product under ultrasound irradiation (5 min, 150 W).  

 

Table 6: Comparison of catalytic activity of Ni-Cu-MgFe2O4 MNPs with several known catalysts. 

Entry Catalyst Solvent Conditions Time (min) Yield (%)a References 

1 CuFe2O4 MNPs water/acetonitrile US 16 89 [34] 

2 SiO2 NPs water/acetonitrile US 5 89 [22] 

3 Citric Acid water/acetonitrile US 5 89 [35] 

4 H2SO4 MeOH 60°C 540 67 [36] 

5 Chloric(VII) Acid water/MeOH 50°C 360 68 [37] 

6 BF3O(C2H5)2 Water/EtOH r.t. 720 67 [38] 

7 Ni-Cu-MgFe2O4 MNPs water/acetonitrile US 5 91 This work 

Reaction conditions: benzylamine (0.0085 mol, 0.937 mL), glyoxal (0.0037 mol, 0.427 mL), acetonitrile (7.75 mL), H2O (0.775 mL) and Ni-Cu-

MgFe2O4 MNPs (10% mol with respect to glyoxal).  

aYield of  product under ultrasound irradiation (5 min, 150 W). 

 

After the magnetic separation of catalyst from the 

reaction mixture, the catalyst was washed with ethanol 

and dried to remove any remaining ethanol, and reused  

in the further reactions for several times. The average 

chemical yield for five consecutive runs was 87%, which 

clearly demonstrates the practical recyclability of this 

catalyst (Table 5). 

In Table 6, the result obtained from synthesis of 

HBIW in the presence of Ni-Cu-MgFe2O4 MNPs  

has been compared with other catalysts used for this reaction. 

As can be seen, the catalytic system presented in this 

paper has advantages in terms of low cost and stable 

catalyst, short reaction time and excellent yields.  

 

CONCLUSIONS 

In this study, we have reported the green synthesis of 

Ni0.35Cu0.25Mg0.4Fe2O4 nanoparticles using tragacanth gel 

(TG) as a biopolymeric template by the sol-gel method.  

A single phase with a cubic spinel structure was formed 

after heat treatment at 700 °C for only 4 h. This method 

has many advantages such as nontoxic, economic 

viability, ease to scale up, less time consuming and 

environmentally friendly approach for the synthesis of 

Ni-Cu-Mg Ferrite nanoparticles without using any 

organic chemicals. The catalytic activity of Ni-Cu-Mg 

Ferrite nanoparticles has been evaluated for the synthesis 

of HBIW under ultrasonic irradiation. The catalyst  

is inexpensive and easily available. Moreover, mild reaction 

conditions, simple procedure, short reaction times, easy 

workup, high yields of products and ease of separation 

and recyclability of the catalyst are salient features  

of the presented work. 
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