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Introduction 
Click chemistry has been called strategizing in the 

preparation of non-harmful chemicals.1-3 Also, click reactions 
take place by one-pot and its products have many applications 
in the fields of biomedical and pharmacological.4,5 The 
combination of at least two or more primary substances and in 
the one-pot condition as well as to the preparation of a single 
product, is named multi-component reactions (MCRs).6-9 
Tetrazole reaction is an important category of MCRs.10,11 
Today, the preparation of heterocyclic tetrazole molecules has 
been widely considered and used for various fields.12-17 
Therefore, in this regard, providing a method with the ideal 
conditions, green chemistry according and high efficiency is of 
great importance.  For this reason, various heterogeneous 
catalysts such as reported works in literature have been tested 
and reported toward the synthesis of its important class of 
chemical reactions.18-21 But, many of the presented works have 
some difficult conditions such as low efficiency, long time, low 
recyclability, long reaction and expensive. 

Halloysite nanotubes (HNT) is an inorganic natural that due 
to its advantages such as non-hazardous, inexpensive, high 
surface area as well as the presence of hydroxyl groups on its 
surface has received special attention.22,23 As well as, Today, 
Fe3O4 nanoparticles have attracted much attention because of 
their easy and inexpensive synthesis method and more 
importantly their ability to be separated by magnetic fields.24-

26 On the other, on the other hand, Humic acid (HA) can be 
combined with metal ions as well as organic and inorganic 
substrates due to their -OH and -COOH functional groups on 

its surface.27-32 In this regard, the design of a novel and 
environment-friendly nanocatalyst has been suggested. The 
performance of HNTs@Fe3O4@HA-Cu nanocatalyst was 
checked in the synthesis of heterocycles 1H-tetrazole 
derivatives 4a-j, by the reaction of benzaldehyde derivatives 1, 
malononitrile 2 and sodium azide 3 (Scheme 1).  

 

Scheme 1. Catalytic application in the synthesis of 1H-tetrazole derivatives 
4a-j 

 

Experimental  
General 

All of the inorganic, organic chemicals and solvents used in 
this work including Benzaldehyde (C7H6O, ≥99%),  4-
Hydroxybenzaldehyde (C7H6O2, 98%), 4-Nitrobenzaldehyde 
(C7H5NO3, 98%), 4-Bromobenzaldehyde (C7H5BrO, 97%), 4-
Methoxybenzaldehyde (C8H8O2, 98%), 2-
Methylbenzaldehyde (C8H8O, 98%), 3-Methylbenzaldehyde 

Abstract: Recently, researches have been directed towards a simple and consistent path to green chemistry. 
In this study, halloysite nanotubes were modified by Fe3O4 nanoparticles, humic acid molecules and copper (HNTs@Fe3O4@HA-Cu) for 
the first time. Next, the chemical structure, crystalline structure, surface morphology, thermal stability and magnetic properties of the catalyst 
were checked by Fourier transform infrared (FT-IR), X-ray diffraction (XRD), Field Emission-scanning electron microscopy (SEM), 
vibration sample magnetometer (VSM) and thermogravimetric analysis (TGA). Then, the catalytic performance of the novel and eco-friendly 
HNTs@Fe3O4@HA-Cu nanocatalyst was investigated in the synthesis of tetrazole derivatives as an important heterocyclic compound. The 
utilization of this nanocatalyst has many advantages including high efficiency, using non-toxic solvent and doing the reaction in the mild 
condition. Also, this nanocatalyst has some prominent features like easy separation, green, recoverable and reusable, stability, convenient 
preparation and highly efficient.  
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(C8H8O, 98%), 4-Methylbenzaldehyde (C8H8O, 98%), 3-
Isopropylbenzaldehyde (C10H12O, 98%) and 3,4,5-
Trimethoxybenzaldehyde (C10H12O4, 98%), Sodium hydroxide 
(NaOH, 97%), Ethanol (C2H5OH, 97%), Sodium azide (NaN3, 
99%) and halloysite nanotubes were supplied from Merck and 
Sigma. Ultrasonic irradiation was performed in an ultrasound 
cleaning bath KQ-250 DE with a frequency of 40 kHz and 
power of 250 W. The first test is the melting point 
measurement, which is measured using the device with 
Electrothermal 9100 apparatus. FT-IR spectroscopy was 
achieved by the Shimadzu IR-470 spectrometer and KBr 
pellets and the resulting diagrams were obtained. EDX analysis 
was examined with Numerix  DXP–X10P device. FE-SEM 
analysis images are recorded with a Sigma-Zeiss microscope 
with an attached camera. XRD analysis with the JEOL JDX–
8030 (30 kV, 20 mA) device was taken from the samples. 
Lakeshore 7407 device was applied for VSM analysis. Finally, 
TGA analysis is registered with an STA504 device.  

 
Preparation of the superparamagnetic 
nanostructure 

 
Synthesis of HNTs@Fe3O4 

In the first step, 50 mL of deionized water was added to a 
mixture of 0.50 g HNTs, 1.60 g FeCl3.6H2O and 1.00 g 
FeCl2.4H2O and the aqueous mixture was stirred at room 
temperature for 30 min. In the second step, the reaction 
temperature was slowly increased to 80 °C. Then, 7.5 mL of 
NH3 (ammonia) solution was added drop by drops to reaction 
mixture. The reaction was placed in the preceding reaction 
condition for 2 h. Finally, the black product was washed with 
excess deionized water and dried in an oven at 80 oC. 
HNTs@Fe3O4 black precipitation was named (1). 

Synthesis of HNTs@Fe3O4@HA-Cu nano-
catalyst 

In a 250 mL flask, 0.5 g of (1) black precipitate and 0.5 g of 
humic acid powder were dispersed in the deionized water and 
stirred at ambient temperature for 24 h. The synthesis 
nanocomposite was separated by an external magnet and 
washed several times with ethanol and water.  Next, dried by 
using an oven for 24 h. This black powder was called (2).  

HNTs@Fe3O4@HA-Cu nanocatalyst  
The loading of copper on the prepared HNTs@Fe3O4@HA 

nanocatalyst was done by adding 0.5 g of (2) nanocomposite, 
0.5 g of CuSO4·5H2O powder and 100 mL deionized water in 
a 250 flask. The mixture was stirred for 24 h at room 
temperature. The final magnetic nanocomposite was 
assembled and washed with water for 5 times. 
HNTs@Fe3O4@HA-Cu nanocatalyst was reached by drying at 
100 oC for 3h. 

General procedure for the synthesis of tetrazole 
derivatives 4a-n in the presence of the clay 
nanostructure catalyst  

First, 1.10 mmol of malononitrile, 1.00 mmol of 
benzaldehyde derivatives and 1.00 mmol of sodium azide with 
0.03 g of the favorable catalyst were dispersed in ethanol polar 
solvent by ultrasonic. Then, the progress of the reaction was 
investigated by taking TLC (Thin-layer chromatography) from 
the solution of the reaction vessel. After separating the 
magnetic nanocatalyst by external fields, the solution of HCL 
(2N) was added dropwise to the reaction mixture. The pure 
precipitate of the tetrazole compound was filtrated and dried at 
70 oC. 

Results and discussion 
In this study, magnetic halloysite nanotubes were modified 

by HA and Cu as a environment-friendly, efficiently and 
recyclable nanocatalyst for the first time. Then, the successful 
formation of the nanocomposite was confirmed by the FT-IR, 
EDX, XRD, SEM, VSM, and TGA analysis. Next, its catalytic 
ability was evaluated in the synthesis of heterocycles1H-
tetrazole reactions. 

Characterization of HNTs@Fe3O4@HA-Cu 
nano-catalyst 

Fourier transform infrared (FT-IR) 
spectroscopy 

To study the functional groups and interactions within the 
precursors, the FT-IR spectra of HNTs, HNTs@Fe3O4@HA, 
HNTs@Fe3O4@HA-Cu and recycle HNTs@Fe3O4@HA-Cu 
were taken. The results are shown in Fig. 1.  Following 
absorption spectrum of natural HNTs powder, the peaks 
appearing in 523, 470, 915 cm-1 are related to the stretching 
vibrations, Al-O-Si, Si-O-Si, Al-OH, respectively. As well as 
in all spectra, the strong peak appeared at 3400 cm-1 coming 
from the O-H stretching vibrations of HNTs and HA. The 
bands at 1710 and 1631 cm-1 are related to the symmetric and 
asymmetric vibrations of the carbonyl groups of HA. 

 
Fig. 1. The FT-IR spectra of HNTs, HNTs@Fe3O4@HA and 

HNTs@Fe3O4@HA-Cu and recycled of HNTs@Fe3O4@HA-Cu nanocatalyst 
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The qualitative EDX analysis of the nanocomposite, before 
and after loading of Cu, were shown in Fig. 2. As can be seen 
in Fig. 2a, the synthesis of HNTs@Fe3O4@HA nanocomposite 
was verified by the presence of elements including iron, 
carbon, silicon, aluminum and oxygen. Moreover, the 
existence of copper in addition to the presence of O, C, Al, Si, 
and Fe elements indicate that the Cu is well loaded on 
HNTs@Fe3O4@HA nanocomposite. 

Fig. 2. EDX analysis of a) before and b) after loading of Cu on the 
HNTs@Fe3O4@HA nanocatalyst 

 

X-ray diffraction (XRD) 
The HNTs@Fe3O4@HA-Cu nanocatalyst with crystalline 

structure was identified by the XRD pattern (Fig. 3). According 
to articles, peaks appear at angles (2θ) of 30.24, 35.57, 43.34, 
57.21 and 62.71 degrees are related to the Fe3O4 nanoparticles. 
Also, the peaks at angles 43.26 (1 1 1), 53.26 (2 0 0) and 74.50 
(2 2 0) indicate the loading of the copper on the 
HNTs@Fe3O4@HA nanocomposite.  

 
 

Fig. 3. The XRD pattern of HNTs@Fe3O4@HA-Cu nanocatalyst 

Field emission-scanning electron microscopy 
(FE-SEM) 

In Fig. 4, surface morphology as well as the size of 
nanoparticles in the HNTs@Fe3O4@HA-Cu nanocatalyst was 
investigated via the FE-SEM image. As expected, the tubular 
structure of the halloysite was recognized clearly. Meanwhile, 
the loading of Fe3O4 NPs, HA and Cu were well incorporated 
on the HNTs by some roughness in the figure. Too possible 
aggregation of the particles in the produced materials are easily 
recognized in the figure. 

Fig. 4.  The FE-SEM image of HNTs@Fe3O4@HA-Cu nanocatalyst 

Vibrating sample magnetometer (VSM)  
Due to the importance of the easy separation and reusing of 

the nanocatalyst, the magnetic property of the HNTs@Fe3O4, 
HNTs@Fe3O4@HA, and HNTs@Fe3O4@HA-Cu samples 
were examined by VSM analysis (Fig. 5). The magnetic 
property of the HNTs@Fe3O4, HNTs@Fe3O4@HA and 
HNTs@Fe3O4@HA-Cu were appeared at 30.45, 27.56 and 
15.82 emu/g, respectively. As can be seen, the loading of HA, 
and Cu into the HNTs@Fe3O4 nanocomposite leads to the 
decrease of the magnetic properties in the final nanocomposite. 
Which is completely consistent with reality and it also 
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confirms the results of other analyzers. It also confirms the 
results of other analyzers.   

 
Fig. 5. VSM diagrams of the a) HNTs@Fe3O4, b) HNTs@Fe3O4@HA and c) 

HNTs@Fe3O4@HA-Cu samples 

Thermogravimetric analysis (TGA) 
The thermal stability of the HNTs@Fe3O4, 

HNTs@Fe3O4@HA and HNTs@Fe3O4@HA-Cu 
nanocomposites were investigated at a temperature range of 
20-600 °C (rate = 10 °C/min) and the results were shown in 
Fig. 6. In all samples a small losing weight is observed below 
200 °C due to the evaporation adsorbed moisture. Subsequent 
losing weight occurred at the range 300-480 °C, is related to 
the functional groups of HA and HNTs. According to the 
diagrams that were taken, an intense weight loss appeared in 
the 350-450 area for HNTs@Fe3O4@HA and 
HNTs@Fe3O4@HA-Cu samples are observed that is due to the 
degradation of the HA structure.  

 
 

Fig. 6. TGA diagrams of the a) HNTs@Fe3O4, b) HNTs@Fe3O4@HA and 
HNTs@Fe3O4@HA-Cu samples 

Optimization of different parameters in the 
synthesis of 1H-tetrazole derivatives 

To obtain the best conditions for the 1H-tetrazole reaction, 
11 tests with different conditions were performed, and the final 
results are summarized in Table 1. As can be seen when the 
tetrazole reaction precursor was examined in the absence of 
catalyst, room temperature, solvent-free and water-free, 
respectively (entry 1). Also, the reflux condition was checked, 

but the yield was negligible (entry 2). The trace yield was 
obtained in the solvent-free and catalyst-free conditions (entry 
3). In the next step, reaction with free catalyst conditions was 
carried out without temperature in the EtOH solvent and the 
results indicated that the efficiency was still low (entry 4). In 
the next step, the reaction was tested in the presence of ethanol, 
with ultrasonic waves but in the absence of a catalyst, and this 
time the efficiency was improved (entry 5). For this reason, 
the other tests of the optimization were examined under 
ultrasonic irradiation, at 60 °C and ethanol solvents. In this 
regard 10, 20, 30, 40, 50 and 60 mg of HNTs@Fe3O4@HA-Cu 
nanocatalyst was used and the best efficiency (98%) was 
observed for the reaction using 30 mg of catalyst (entry 6-10).  
In the end, the reaction, with 11 conditions, but the 
Dimethylformamide solvent was tested, but the reaction yield 
is lower than the same condition (entry 11). 

 

Table 1. Optimization of the model reaction conditions 

Entry Solvent 

Amount 

of 

catalyst 

(mg) 

Temp. 

(°C) 

Time 

(min) 

Yield 

(%) 

1 Solvent-free - r.t. 100 Trace 

2 Water - r.t. 100 Trace 

3 Solvent-free - Reflux 100 Trace 

4 Ethanol - r.t. 100 Trace 

5 Ethanol - Ultrasonic  40 55 

6 Ethanol 20 Ultrasonic  40 95 

7 Water-Ethanol 30 Ultrasonic  40 97 

8 Ethanol 40 Ultrasonic  40 96 

9 Ethanol 50 Ultrasonic  40 94 

10 Ethanol 60 Ultrasonic  40 90 

11 Dimethylformamide 30 Ultrasonic 40 95 
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To confirm and extend the catalytic performance of 
HNTs@Fe3O4@HA-Cu, 10 different tetrazole derivatives with 
optimized conditions were synthesized and reported (Table 2). 

 

Table 2. Synthesis of 1H-tetrazole derivatives 4a-j under optimized conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Aldehyde Product 
Time 

(min) 

Yield  

(%) 

M.P (°C) 

Found                 Reported 
[Ref.] 

1 
Benzaldehyde 5a 

9 
97 170-171 168-170 [33] 

2 
4-Nitrobenzaldehyde 5b 10 93 167-169 166-168 [33] 

3 
4-Bromobenzaldehyde 5c 10 90 248-250 165-167 [33] 

4 
4-Hydroxybenzaldehyde 5d 10 88 160-162 159-161 [33] 

5 
2-Methybenzaldehyde 5e 7 94 158-159 157-159 [34] 

6 
4-Methoxybenzaldehyde 5f 8 87 153-154 153-154 [34] 

7 
4-Isopropylbenzaldehyde 5g 10 92 127-128 128-130 [34] 

8 
4-Methybenzaldehyde 5h 10 88 190-192 189-191[34] 

9 
3-Methylbenzaldehyde 5i 10 95 207-209 130-132 [34] 

10 
3,4,5-Trimethoxybenzaldehyde 5j 10 98 157-159 Present 
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Proposed mechanism  
The proposed mechanism for the interaction between raw 

materials (benzaldehyde derivatives, malononitrile and sodium 
azide) in the presence of the nano-catalyst was plotted in the 
synthesize of tetrazole derivatives (Scheme 2). Via the 
knoevenagel condensation between aldehyde derivatives 1 and 
malononitrile 2, the intermediate I was obtained. Next, 
intermediate II was formed by the reaction of the intermediate 
I and sodium azide 3. After that, the intermediate III was 
achieved by [2+3] cycloaddition reactions 
of heterocyclic compounds.  Due to exchange Cu with H in the 
final products (4a-j), the hydrochloric acid was added in the 
final process.  

 
Scheme 2. Proposed mechanism for the synthesis of 4a-j by HNT@Fe3O4@HA-

Cu nanocatalyst 

Catalyst recyclability test 
One of the most important parameters of catalysts is their 

recyclability and ultimately their easy separation from the 
reaction medium without reducing its catalytic activity. For 
this reason, as shown in Fig. 7, after the reaction was 
completed, the recycled catalyst was tested 10 times and the 
efficiency of the synthesized products was evaluated. The 
experimental results show a no significant change in the 
catalytic activity and the yield of synthesized products were in 
this article, in addition to using green solvent, short reaction 
time  and high efficiency, as can be seen in the recycling 
diagram(Fig.) the nanocatalyst is highly recyclable without 
losing catalytic activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Recycling diagram of new HNTs@Fe3O4@-HA-Cu nanocatalyst for 

4a 

Conclusions    
In summary, the HNTs as a matrix were used, because of its 

abundant hydroxyl functional groups, environment-friendly 
and easy to access. The synthesized HNTs@Fe3O4@HA-Cu 
nanocatalyst was developed that incorporates all the properties 
of the raw materials. As can be seen in Fig. 1-6, the functional 
groups and interaction of the between materials, structural 
property, elements present and magnetic properties as well as 
the thermal stability of the new HNTs@Fe3O4@HA–Cu 
nanocatalyst were investigated and confirmed by FT-IR, EDX, 
SEM, XRD, VSM and TGA, analyses, respectively. In the next 
step, the catalytic performance of the HNTs@Fe3O4@HA–Cu 
nanocatalyst for the 1H-tetrazole reaction, by condensation of 
benzaldehyde derivatives, malononitrile and sodium azide, 
was tested. As expected in accordance with Table 1, after 
optimizing the parameters affecting the reaction efficiency, 12 
derivatives of the 1H-tetrazole reaction were synthesized and 
in Table 2, and the best efficiency was reported for the 5n 
derivative. In addition to the cases mentioned in Fig. 7, the 
nanocatalyst recycling ability was repeated 8 times, and it was 
observed that the new green HNTs@Fe3O4@HA-Cu 
nanocatalyst catalyst retained its catalytic performance over 
several steps and as can be seen, the efficiency of the 
synthesized derivatives did not decrease significantly. 
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