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Abstract
In this work, novel organic–inorganic hybrid nanocomposites  M+/PO3

− (M = 2,2′-dibenzimidazolyl butane) were prepared 
by soft chemistry method. The synthesis was done by ion exchange method between sodium metaphosphate anions 
 (yNaPO3) and 2,2′-dibenzimidazolyl butane dichlorhydrates cations  (xMCl2) in aqueous media. The  MCl2 organic salt and 
the  M+/PO3

− hybrid nanocomposites were characterized by using spectroscopic and microscopic analyses. The FTIR and 
Raman spectroscopy are showed new bands in the hybrid nanocomposites structure, which proved the interactions 
between  PO3 and NH of  MCl2 molecules. The UV–Vis results of  MCl2 and  M+/PO3

− materials showed a broad absorption 
band in 200–300 nm regions, originating from phosphate and benzimidazole molecules. The X-ray diffraction was showed 
the appearance of new peaks attributed to the phosphate  (PO3) and a reduction of the intensity of the benzimidazole 
peaks. The TEM images are showed changes in appearance and size of hybrid materials. Moreover, the surface of hybrids 
became less dark and the size of  M+/PO3

− nanocomposites diameter was < 50 nm. The EDX analysis results revealed the 
presence of carbon, oxygen, and phosphate, confirming the interactions between phosphate and  MCl2 organic salt.
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1 Introduction

In the technological world, there are different types of 
well-established materials like: metals [1], ceramics [2], 
glasses [3] and plastics [4]. These materials are not enough 
to satisfy all the needs and technological desires. Further-
more, they should be more inexpensive, recyclable, envi-
ronmentally friendly with better performance to improve 
the efficiency of various applications [5–7].

Indeed, the scientists have to design a new field of 
research, in which their creativity can be fully expressed, 
to develop new hybrid materials of an inorganic–organic 
character with a new properties associated with their mul-
tifunctionality. In addition, these functionalized materials 
have innovative industrial applications in extremely var-
ied domains such as: metallic coating [8, 9], anti-corrosion 
[10], thermal insulation [11], pharmacology [12], pesticides 
[13], antimicrobial [14], catalysis [15], extraction [16] and 
membrane separation [17].

The synthesis of hybrid materials by soft chemistry 
route [18] aroused a strong interest, in both academic 
and industrial worlds. This method is carried out at low 
temperature (20–200 °C) in aqueous solutions or organic 
solvent, from molecular precursors or nanoparticles [19]. 
Furthermore, it offers the possibility to combine properties 
of organic and inorganic compounds, to form new hybrid 
materials, pure, homogeneous with remarkable proper-
ties and multifunctionalities for different applications. This 

process presents advantages over many other methods 
in control perfectly the stoichiometry, to be inexpensive 
and to confer high purity on the synthesized material [21].

Phosphate is one of the indispensable minerals for life 
[20]. However, the development of materials of phosphate 
has a great interest in different technologies, noticeably in 
adsorption [21], membrane separation [22], ion exchange 
[23], biomedical treatment [24] and chemical precipita-
tion [25]. Recently, the hybrid materials of phosphate have 
received considerable attention [26]. In the broad sense, 
hybrid phosphate materials combine the different prop-
erties of phosphate with those of the organic compound 
such as: polymers [27] and organic salts [28].

Furthermore, they often have completely new charac-
teristics, according to the space distribution and size of 
their constituents.

In this work, we have synthesized new organic–inor-
ganic hybrid nanocomposites of phosphate and benzimi-
dazole via a soft chemistry process. The sodium metaphos-
phate is used as inorganic precursor with different molar 
ratios  (xMCl2–yNaPO3) to study the influence of phosphate 
content on the structure and properties of hybrid nano-
composites. The structural properties of  MCl2 organic salt 
and  M+/PO3

− hybrid nanocomposites are studied by FT-IR, 
Raman and DRX analysis. The absorption spectra of  M+/
PO3

− hybrids were measured in the UV–visible region. The 
morphology of surface is characterized by TEM with EDX 
detector.
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2  Materials and methods

2.1  Chemicals and reagents

All reactants and products were used without further 
purification. The Ortho-phenylenediamine (98%) was pur-
chased from Fluka analytical. The adipic acid (99%) and 
the hydrochloric acid were obtained from Sigma-Aldrich. 
The sodium methaphosphate (99%) was purchased from 
Riedel de Haën. In all cases, the distilled water was used to 
prepare the solutions.

2.2  Synthesis of benzimidazole derivative: 
2,2′‑dibenzimidazolyl butane dichlorhydrates

The mixture of o-Phenylenediamine (0.025 mol) and adipic 
acid (0.0125 mol) were dissolved in 20 mL of hydrochloric 
acid (4 N). The reaction was refluxed under stirring for 36 h. 
After completion, the resulting precipitate was filtered, 
washed, dried and then recrystallized with absolute etha-
nol to get blue crystal. Yield: 83%, FT-IR (KBr pellet,  cm−1): 
3330 (N–H), 3085 ((=C–H)Ar), 1628 (C=N), 1563 (N–H2), 
1512 (C=C), 1459  (CH2/Met), 750 ((=C–H) Ar)  cm−1. Raman 
 (cm−1): 3080 (N–H), 2740  (NH2

+Cl−), 1629 (C=N), 1512 
(C=C/Ar), 1450  (CH2/Met), 750 ((=C–H)Ar)  cm−1. The 1H 
NMR (300 MHz,  D2O, ppm): 1.9 (q,4H), 3.1 (t,3H), 7.43–7.56 
(m,8H) ppm. The 13C NMR (100 MHz,  D2O, ppm): 25.56, 
113.45, 125.98, 130.38, and 153.05 ppm. ESI–MS: [M + H]+, 
291 g/mol, [M-H]+,289 g/mol. The structure of 2,2′-dibenzi-
midazolyl butane dichlorhydrates  (MCl2) is shown in Fig. 1. 

2.3  Synthesis of organic–inorganic hybrid 
nanocomposites of phosphate‑benzimidazole

In the present work, the hybrid nanocomposites 
 (xMCl2–yNaPO3) were synthesized by soft chemistry route 
(Table 1). The synthesis was done by ion exchange pro-
cess between the sodium metaphosphates anions and the 
benzimidazole derivative cations (Fig. 2). The synthesis was 
carried according to the following protocol. To uniformly 
mix the hybrids species, the precursors were dissolved in 
an aqueous solution instead of dry mixing. 

The benzimidazole powders (0.01 mol) were totally dis-
solved in 100 mL of distilled water under vigorous mag-
netic stirring, resulting the formation of a transparent solu-
tion. For the mineral solution, the sodium metaphosphate 
(0.01 mol) was prepared in distilled water (20 mL) under 
ambient conditions. Afterward, the organic solution is 
poured properly drop wise into mineral solution, and the 
hybrids formation was observed.

After completion of reaction in necessitating time, the 
precipitate was separated by filtration, and dried at 60 °C. 
The synthesis conditions of hybrid materials are moni-
tored, like: pH, agitation, temperature, and preparation 

Fig. 1  Molecular structure of 2,2’-dibenzimidazolyl butane dichlo-
rhydrates

Table 1  Synthesis of hybrid 
nanocomposites  xMCl2-
yNaPO3

Samples Variables

(NaPO3)/(MCl2) 
molar ratios

NaPO3 (mol) MCl2 (mol) T (°C) t (min)

MCl2 – 0 0.01 25 5
MCl2 +  NaPO3 (1) 1:1 0.01 0.01 25 6
MCl2 +  NaPO3 (2) 2:1 0.02 0.01 25 6
MCl2 +  NaPO3 (3) 3:1 0.03 0.01 25 6
MCl2 +  NaPO3 (4) 4:1 0.04 0.01 25 6
MCl2 +  NaPO3 (5) 5:1 0.05 0.01 25 6

Fig. 2  Schematic representation of synthesis of  xMCl2-yNaPO3 
hybrid nanocomposites
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time. For the repeatability of results, six tests were 
performed.

In order to study the morphological and structural 
properties of hybrid materials, five molar ratios have 
been synthesized, by changing the phosphate content. 
The preparation of hybrid materials is carried out by ion 
exchanges between  MCl2 cations and  NaPO3 anions. The 
molecular structure of benzimidazole derivative  MCl2 has 
a functional groups  NH+ on which the mineral anions 
 PO3

− are attached. According to this mechanism, we have 
the fixation of functional groups  M+ to  PO3

− by forming 
 M+/PO3

− hybrid nanocomposites with liberation of the 
 Na+Cl− salts.

2.4  Characterization

The Nuclear magnetic resonance (NMR) spectra (ppm) 
of 2,2′-dibenzimidazolyl butane were recorded with a 
Bruker AVANCE 300 MHz. The 1H and 13C NMR spectra were 
obtained from a 300 MHz. All NMR spectra were measured 
in  D2O solutions. The molecular weight of 2,2′-dibenzimi-
dazolyl butane was determined by the mass spectrometric 
method. The Mass spectra have been recorded on a LCQ 
Advantage MAX-type ion trap spectrometer using Electro-
spray Ionisation (ESI) techniques.

The structural and spectroscopic properties of phos-
phate hybrid nanocomposites were studied by infrared 
and Raman analysis. The Infrared absorption spectra 
(4000–400 cm−1) have been performed on a Bruker Ten-
sor 27 spectrometer (Bruker, Germany) in KBr phase. The 
Raman spectra (4000–0 cm−1) have been recorded on a 
VERTEX 70 with a resolution of 4 cm−1, Nd Yag laser source 
(1.064 μm) and a nominal power of 500 mW.

The pH was determined with a Hanna precision pH-
meter, model 211 (Romania), which was standardized with 
Bioblock Scientific. The UV/visible/NIR absorption spectra 
were recorded in JENWEY SERIE 67-UV. The visible radia-
tion UV spectrometer covers the spectral range from 190 
to 1100 nm.

The crystal structure of phosphate hybrid nanocompos-
ites was studied by the X-ray diffraction (XRD) by using 
a diffractometer X’Pert3 Pro MPD Panalytical, with CuKα 
radiation.

The surface morphology of phosphate hybrid nano-
composites were observed by a transmission electron 
microscopy (TEM) coupled to a spectroscopy of X-ray 
energy dispersion (EDX). The measurements were 
obtained by Tecnai 12 TEM working at 200 kV.

3  Results and discussion

3.1  FTIR spectroscopy

In order to identify the chemical composition and bond-
ing structure of  MCl2 and  M+/PO3

− hybrid nanocompos-
ites, the FTIR spectroscopy was used and it was showed in 
Fig. 3. As seen from Fig. 3, the spectra show several char-
acteristic bands: A strong band at 3330 cm−1 is assigned 
to the stretching vibration of the N–H [29, 30]. The band 
at 3085 cm−1 is attributed to (=C–H)Ar stretching vibra-
tion [31]. The band observed at 2917 cm−1 is related to 
the  CH2/Met stretching vibration. The C=N band stretch-
ing vibration is appeared at 1628 cm−1. The deformation 
band of N–H2, which is typical just of pure  MCl2, is assigned 
to the peak at 1563 cm−1. The peak of the aromatic C=C 
is showed at 1512 cm−1 [32]. A strong absorption band 
at 750 cm−1 is assigned to the stretching deformation 
of (=C–H) Ar. On the other hand, the spectra of the  M+/
PO3

− hybrid nanocomposites  (R1–R5) had new bands cor-
responding to the phosphate groups which are observed 
in 406–1247 cm−1 range. The strong band at 1247 cm−1 
is assigned to δas(P–O–P) [33]. The characteristic peak at 
1140 cm−1 is assigned to the νs(O–P–O) [34]. At 986 cm−1, 
an asymmetric band is observed corresponding to P–O–P 
stretching vibration [35]. The presence of P–O–P long 
chains is ascribed to the stretching νs(PO2

−), appeared 
at 654 cm−1. The band at 534 cm−1 is corresponded to 
δas(PO4

3−) groups [36].

Fig. 3    The FT-IR spectra of  MCl2 organic salt and  xMCl2-yNaPO3 
hybrid nanocomposites
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3.2  Raman spectroscopy

The Raman measurements were taken to confirm the 
results of Infrared. The Fig. 4 showed the Raman spec-
tra of  MCl2 and  M+/PO3

− hybrid nanocomposites. The 
band at 3067  cm−1 is assigned to (=C–H)Ar stretch-
ing vibrations [37]. Moreover, the  CH2/Met stretching 
vibration was appeared at 2906 cm−1. A medium peak 
observed at 1627 cm−1 was provoked by C=N vibration 
[38]. The stretching vibration of C=C/Ar band is showed 
at 1567 cm−1. The band observed at 620 cm−1 is ascribed 
to the deformation mode of (=C–H) Ar. Additional bands 
in the range of 1300–600 cm−1 showed the presence of 
phosphate in the hybrid nanocomposites materials. The 
bands due to the vibrations of the phosphate group in 
the  M+/PO3

− hybrids were observed at 1273 νas(O–P–O), 
1143 νs(O–P–O) [39] and 621–843 cm−1 νas(P–O–P) [40]. 
This result confirms the previous spectra of Infrared which 
indicate the structural interactions between phosphate 
and  MCl2 organic product.

3.3  Use of pH measurements to monitor the hybrid 
nanocomposites synthesis

The synthesis of hybrid nanocomposites was influenced by 
different parameters such as: concentration, molar ratios, 

temperature, time reaction and pH [41]. Therefore, these 
parameters can significantly affect the structure and mor-
phology of hybrid materials [42].

The pH values of the synthesis reaction of hybrid nano-
composites are showed in Fig. 5 Five molar ratios of hybrid 
nanocomposites  (xMCl2)/(yNaPO3) (1:1, 1:2: 1:3, 1:4 and 
1:5) have been tested respectively. Before the reaction, we 
are measured separately the pH value of  MCl2 (pH = 4.9) 
and  NaPO3 solutions (pH = 6.1). Therefore, we studied the 
effect of phosphate content on the  M+/PO3

− hybrids syn-
thesis and its influence on pH variations. The reaction of 
the hybrids synthesis is carried out by adding the  MCl2 
solution drop wise in the  NaPO3 solution.

At 1:1 molar ratio, the initial pH of reaction was 5.7 and 
the final pH was decreased to 3.6. Therefore, this decrease 
is explained by the release of protons  H+ by  MCl2 mole-
cules, which weren’t reacted because the phosphate con-
tent was insufficient. But, the increase of the phosphate 
concentration in reactions 1:2 (pH = 4.5), 1:3, 1:4 and 1:5 
(pH = 4.91) is caused a progressive decrease in the acid-
ity of solutions which is stabilized at 4.91 (Fig. 5). This 
decrease is explained by the release of  H2O molecules 
formed by the  OH− of hydrolysed  NaPO3 and the protons 
of  MCl2 (NH). Furthermore, according to the yields found, 
the masses of the synthesized hybrids are increased pro-
gressively with the phosphate content, which increased 
the  OH− concentration and decreased the pH values.

Fig. 4  The Raman spectra of  MCl2 organic salt and  xMCl2-yNaPO3 
hybrid nanocomposites

Fig. 5    Monitoring the synthesis of hybrid nanocomposites by pH 
measurement



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:1474 | https://doi.org/10.1007/s42452-019-1482-4

3.4  UV–visible analysis

The absorption spectra of  MCl2 organic and  M+/
PO3

− hybrid nanocomposites are studied by UV–Vis analy-
sis. The results are registered in the range of 200–700 nm 
in Fig. 6.

As shown in Fig. 6, all the  MCl2 and  M+/PO3
− materials 

showed typical broad peaks at the 200–300 nm region, 
corresponding to a single transition in the UV region of 
 MCl2 material. Furthermore, a wide transmission band 
at around 250 nm corresponds to a similar energy distri-
bution among all the benzimidazole molecules [43]. In 
addition, according to the results of El Batal et al. [44], the 
phosphate  PO3

− of hybrid materials revealed an absorp-
tion band at around 222 nm (Fig. 6b). As a result, according 

to the literature data, the  MCl2 and the  M+/PO3
− materials 

are characterized by an absorption band which appears in 
the same region 200–300 nm.

3.5  X‑ray diffraction analysis

The X-ray diffraction pattern of  MCl2 and  M+/PO3
− hybrid 

nanocomposites with various molar ratios are shown in 
Fig. 7. The most prominent peaks of  MCl2 particles at 2 
theta (°): 11.30 (200), 12.81 (110), 21.02 (211), 21.86 (310), 
24.37 (002), 25.63 (311), 27.80 (202), 29.47 (410), 33.17 
(411), and 34.35 (312), were well matched with the stand-
ard pattern of benzimidazole molecule according to the 
results found by Vijayan et al. [45]. There is no impurity 
phase observed, suggesting that the high purity  MCl2 par-
ticles were obtained.

The diffraction patterns of  M+/PO3
− hybrid nanocom-

posites are showed the appearance of new peaks (P) 
attributed to strong lines of phosphate  (PO3

−) [46, 47], 
and an important reduction of the intensity with a wid-
ening of benzimidazole peaks (M). The intensity of the 
peak increased progressively with the phosphate con-
tent, which showed the interactions between  MCl2 and 
 NaPO3. These changes can be attributed to a modification 
in the ordered arrangement of  MCl2 structure, indicat-
ing a significant decrease in the crystalline phase and an 

Fig. 6  UV-visible absorption spectra of  MCl2 and  xMCl2-yNaPO3 
hybrid nanocomposites. a: [200–700 nm] and b: [200–300 nm]

Fig. 7   XRD patterns of  MCl2 organic salt and  xMCl2-yNaPO3 hybrid 
nanocomposites
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improvement in the amorphous phases [48, 49]. Therefore, 
these results confirmed clearly the interactions between 
 MCl2 and  NaPO3 particles.

3.6  The TEM images and elemental analysis using 
X‑EDS

The morphology and size of organic and hybrid nanocom-
posites are studied by a transmission electron microscopy 
(TEM) [50]. The TEM images of  M+/PO3

− hybrid nanocom-
posites with different molar ratios and their corresponding 
EDX spectra are presented respectively in the Figs. 8 and 9. 
The TEM images of Fig. 9 are showed changes in appear-
ance and size with the increase in phosphate content of 
 M+/PO3

− hybrid materials (Fig. 8b–f) compared to  MCl2 
(Fig. 8a). Indeed, the surface of  M+/PO3

− hybrid became 
less dark and the size of hybrid nanocomposites diameter 
was < 50 nm (Fig. 8e). These TEM observations clearly con-
firm a morphological transformation of particles from  MCl2 
organic salt to  M+/PO3

− hybrids after 6 min of synthesis.
In addition, the composition of  MCl2 and  M+/

PO3
− hybrid nanoparticles was analyzed using spectros-

copy of X-ray energy dispersion (EDX) (Fig. 9). The chemi-
cal analysis of  MCl2 is showed the presence of a single 

element: the carbon that characterizes organic material. 
On the other hand, after the addition of phosphate, we are 
noticed the appearance of oxygen and phosphate which 
characterizes the inorganic material. Therefore, these 
results are revealed that the phosphate has interacted with 
the  MCl2 organic salt.

4  Conclusion

The synthesis and characterization of  M+/PO3
− new hybrid 

nanocomposites are carried out by soft chemistry method 
at room temperature. The synthesis was done by ions 
exchange process between sodium metaphosphates ani-
ons and 2,2′-dibenzimidazolyle butane dichlorhydrates 
cations. The FT-IR and Raman spectra are showed func-
tional groups of the hybrid nanocomposites structure, 
which combined the both functions of phosphate and 
 MCl2 and the appearance of new bands which showed 
the interactions between  PO3 and NH of  MCl2. The UV–Vis 
absorption spectra of  M+/PO3

− hybrid nanocomposites 
have shown a wide transmission band at around 250 nm 
corresponds to all the Benzimidazole molecules, with the 
presence of phosphate at 222 nm as the literature reports. 

Fig. 8  TEM images of  MCl2 organic salt (a) and  xMCl2-yNaPO3 hybrid nanocomposites (b–f)
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The X-ray diffraction was showed the appearance of new 
peaks attributed to the phosphate  (PO3) and a reduction 
of the intensity of benzimidazole peaks. The observation of 
the surface morphology by TEM has shown the modifica-
tion in the surface and the size of  M+/PO3

− hybrid nano-
composites when the ratio of phosphate increase. These 
results are confirmed by EDX chemical analysis of hybrid 
materials, which revealed the presence of carbon, oxy-
gen, and phosphate, confirming the interactions between 
phosphate and  MCl2 organic salt.
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