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The structural and magnetic properties of the polyethylene glycol 

(PEG) coated nickel spinel ferrite (NiFe2O4) nanoparticles have been 

reported in the present study. NiFe2O4 nanoparticles were prepared 

by solution plasma method using KOH + Na2Co3 as electrolyte. The 

prepared powder of nickel ferrite nanoparticles was annealed at 800 

˚C for two h and used for further study. The X-ray analysis 

confirmed the formation of a cubic spinel single-phase structure. The 

crystallite size, lattice parameter, and X-ray density of the PEG-

coated NiFe2O4 nanoparticles were calculated using XRD data. TEM 

and FTIR studies revealed the presence of PEG on nickel ferrite 

nanoparticles and reduced agglomeration in the NiFe2O4 

nanoparticles. The pulse-field hysteresis loop tracer technique 

studied the magnetic properties at room temperature. The magnetic 

parameters such as saturation magnetization, remanence 

magnetization, and coercivity have been obtained. These magnetic 

parameters were get decreased by PEG coating. 
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1. Introduction 
In recent years, spinel ferrite nanoparticles have been 

the subject of advanced research. The spinel ferrite 

has a structural formula MFe2O4, where M is a 

divalent metal with a cubic spinel crystal structure. In 

addition, the spinel ferrite has magnetic properties. 

Magnetic nanoparticles can be used in various 

applications such as adsorbents [1, 2], magnetic 

storage, ferrofluids, biomedical applications [3, 4], 

and gas sensors [5]. Nickel ferrite (NiFe2O4) is one of 

the widely used spinel ferrites in various biomedical 

applications. It has an inverse spinel structure 

showing ferromagnetism that originates from the 

magnetic moment of anti-parallel spins between Fe3+ 

ions at tetrahedral sites and Ni2+ ions at octahedral 

sites [6]. By now, various methods such as the 

combustion method [7], organic gel-thermal 

decomposition method [8], sol-gel auto combustion 

method [9], and co-precipitation method [10] have 

been developed to prepare nano crystallite nickel 

ferrite. However, each of these methods has 

limitations. Recently, the in-liquid plasma or solution 

plasma has been employed to synthesize 

nanoparticles [11, 12]. This method has advantages 

over other methods such as inexpensive raw 

materials, simple equipment, no need for a vacuum 

chamber, no gas supply requirement, easy separation 

of products from solution, alternating current (AC), 

and high purity [13]. Several natural and synthetic 

polymers have been employed to modify the surface 

of the magnetic nanoparticles. These polymers 

include starch, dextran, polyvinyl alcohol, lauric 

acid, dendrimers, polyethylene glycol, chitosan, oleic 

acid. Polyethylene glycol (PEG) is a polymer consists 

of ethylene oxide and water. PEG is water-soluble, 

inert in biological systems, non-toxic, does not 

influence cell viability, hydrophilic material for 

biomedical applications. The structural and magnetic 

properties of the NiFe2O4 produced by the solution 

plasma method and polyethylene glycol (PEG) 

coated NiFe2O4 nanoparticles have been reported in 

the present study. Nickel ferrite nanoparticles have 

not been produced by the solution plasma method so 

far, and by using the appropriate composition and 

concentration of electrolyte, the voltage required to 

produce nanoparticles has been reduced compared to 

other studies. Also, two metal elements have been 

used in the target electrode, and these two metal 

elements have entered the final composition of 

nanoparticles with oxygen. 

 

2. Experimental 

2.1. Materials and synthesis of NiFe2O4 

nanoparticles 
KOH and Na2CO3 (AR grade, Merck, 99%) were 

used as the precursors. Iron and nickel powders with 

a particle size of fewer than 70 micrometers were 

used to prepare the anode, and an AISI 316 stainless 

steel sheet (200 mm × 100 mm × 0.5 mm) was used 

as the cathode. The powders of iron and nickel were 

sintered at the temperature of 900 ˚C, the pressure of 

40 Mpa, and holding times of 10 min in a Spark 

Plasma Sintering (SPS) chamber. By connecting to 

the AC power supply in the solution plasma process, 

the glow discharge plasma was generated around the 

anode, and the NiFe2O4 nanoparticles were 

synthesized [11]. The solution with a concentration 

of 3 molars (with a weight ratio of 1:1) was used for 

the synthesizing. The applied voltage is increased 

with a 1 V/min speed and then fixed at a constant 

value (23 V) for 100 min. The as-synthesized powder 

was annealed at 800 ˚C for two h in the air 

environment to remove the impurities [14]. Figure 1 

shows the production steps of nickel ferrite 

nanoparticles by the solution plasma method. 

 

 
Fig. 1. The production process of nickel ferrite nanoparticles using the solution plasma method. 
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2.2. Coating of NiFe2O4 nanoparticles with 

Polyethylene glycol (PEG) 
Nickel ferrite nanoparticles were coated with PEG-

4000. The aqueous PEG solution (0.77 grams) was 

prepared by dissolving PEG in 24.48 ml distilled water 

and stirred for 30 minutes. Then 0.255 grams of 

NiFe2O4 nanoparticles were added and stirred for ten 

h at 45 ̊ C for their dispersion. Further, it was allowed 

to sonicate for 20 min. Then, the mixture of 

nanoparticles and PEG was centrifuged for 10 min, 

washed three times using deionized water in an oven, 

and dried at 60 °C for 12 hours to remove excess PEG. 

The resulting nanoparticles were dried at room 

temperature to yield PEG-coated NiFe2O4 

nanoparticles. 

2.3. Characterization 
The phase identification and crystallite size 

determination were made by XRD analysis with a 

Bruker D8 X-ray diffractometer equipped with a 

crystal monochromator employing Cu-Kα radiation 

of wavelength 1.5418 Å in 2θ range from 20 to 85. The 

Scherrer formula was used to obtain the average size 

of crystal D from the widening of the XRD peak line 

corresponding to all planes of spine structure [15, 16]. 

The magnetic characterization was carried out by 

vibrating sample magnetometer (VSM, Meghnatis 

Daghigh Kavir Co, Iran) under the applied magnetic 

field of ±15000 (Oe) at room temperature. The 

saturation magnetization (Ms), remanence 

magnetization (Mr), and coercivity (Hc) were 

determined from the observed M-H plots. The 

uncoated and coated sample morphology was studied 

by transmission electron microscope (TEM, Philips, 

CM120, Netherland). The surfactant coating was 

investigated using an FTIR spectroscope (AVATAR, 

Thermo, USA) using KBr pellets in the range of 400-

4000 cm-1 with a resolution of 4 cm-1. 
 

3. Results and discussion  
The X-ray diffraction patterns of the NiFe2O4 

nanoparticles have impurities before annealing (NP), 

annealed nickel ferrite nanoparticles (NP800), and 

PEG-coated NiFe2O4 nanoparticles (NP800-PEG) 

are shown in Figure 2. It indicates that the 

nanoparticles prepared before annealing consist of 

NiFe2O4, NiO, and α-Fe2O3. The product after 

annealing is a single phase and has a cubic spinel 

structure following JCPDS file No.01-86-2267. The 

main peak of NiFe2O4 that appears on 2θ corresponds 

to the reflection planes (220), (311), (222), (400), 

(331), (422), (511), (620), (533), (622) and (444). 

Moreover, it can be seen from Figure 2 that the 

diffraction peaks are weaker in intensity and broader 

for the NiFe2O4 nanoparticles obtained at higher 

addition of PEG. It indicates that the crystallinity 

decreases for the modified PEG-coated nanoparticles. 

The sharpening of the peaks (NP800-PEG) is due to 

the increase in the size after PEG coating. The 

structural parameters include crystallite size, lattice 

parameter, X-ray density using the Scherrer equation 

(Eq. 1) for the most substantial peaks (311), (400), 

and (440) of NP, NP800, and NP800-PEG were 

obtained given in Table 1. 
 

K
D

cos



 

                                                       (1) 

where K is the Scherrer constant, β is the full-width 

half maximum (FWHM) of the diffraction peak, θ is 

the Bragg's angle, and λ is the wavelength of Cu-Kα 

= 1.5406 Å. 

 

 
Fig. 2. X-ray diffraction patterns of NiFe2O4 nanoparticles before annealing (NP), annealed NiFe2O4 nanoparticles 

(NP800), and PEG-coated NiFe2O4 nanoparticles (NP800-PEG). 
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Table 1. Calculation of crystallite size based on FWHM by using the Scherer equation. 

Sample 

2θ 

(311) 

(Deg.) 

2θ 

(400) 

(Deg.) 

2θ 

(440) 

(Deg.) 

Inter planar 

spacing 

(Å) 

Lattice 

parameter 

(Å) 

β (311) 

(Rad) 

β (400) 

(Rad) 

β (440) 

(Rad) 

D 

average 

(nm) 

NP 35.57 43.65 62.76 2.5110 8.338 0.0066 0.0158 0.0137 15 

NP800 35.46 43.46 62.69 2.5100 8.340 0.0045 0.0183 0.0141 19 

NP800-

PEG 
35.51 43.33 62.64 2.5121 8.333 0.0037 0.0106 0.0118 24 

 
The similar diffraction patterns of PEG-coated 

NiFe2O4 nanoparticles with that of NiFe2O4 

nanoparticles suggest that the crystalline structure of 

NiFe2O4 nanoparticles did not change on the 

modification of the particles by PEG coating. It 

indicates that the PEG coating occurs only at the 

surface of NiFe2O4 nanoparticles. According to Table 

1, the calculated value of the lattice parameter of 

NiFe2O4 nanoparticles after annealing is 8.340 Å 

which agrees with the reported matter, while that of 

PEG-coated NiFe2O4 nanoparticles is 8.333 Å [17]. 

The crystallite size of the NP800 nanoparticles is 32 

nm, and that of PEG-coated NiFe2O4 nanoparticles is 

40 nm. 

Figure 3 (a and b) shows the surface morphology of 

pure NiFe2O4 nanoparticles after annealing (NP800) 

and PEG-coated NiFe2O4 nanoparticles (NP800-

PEG). TEM images show that uncoated NiFe2O4 

nanoparticles are highly agglomerated, while PEG-

coated NiFe2O4 nanoparticles show a well-dispersed 

structure with few agglomerates. It may be due to the 

coating of PEG on nanoparticles. 

 

 
Fig. 3. TEM images of (a) NP800 and (b) NP800-PEG. 

 

Figure 4 shows FTIR spectra of NP800, NP800-PEG, 

and pure PEG. From figure 4, the observed bonds 

under 1000 cm-1 are attributed to the metal oxide 

vibration (M↔O) bonds. The two prominent metal-

oxygen bands at 400-630 cm-1 are seen in the FT-IR 

spectrum of the synthesized nickel ferrite sample. In 

crystal lattices, these two bands are usually assigned 

to the vibration of ions [18]. These bonds confirm the 

formation of the NiFe2O4 phase, and the vibrations of 

M↔O bonds at tetrahedral and octahedral sites are 

assigned to these peaks and indicate uniformly 

distributed ferrite particles [19]. 

Also, it observed that in the sample coated with 

polyethylene glycol, the two peaks related to the 

formation of nickel ferrite had moved slightly to the 

right compared to the uncoated nanoparticles. 

According to studies, the transfer of these two peaks 

to the right and their shortness in the coated 

nanoparticles is due to polyethylene glycol in the 

nanoparticles [2]. The intensive peak observed at 

about 3450 cm-1 and the less intensive peak at about 

1650 cm-1 in curves (PEG, NP800, and NP800-PEG) 

occurred due to stretching vibration between 

hydrogen and oxygen atoms [6, 20]. In the NP800-

PEG turn, the bands at about 2900 cm-1 represent the 

characteristic bond of the CH2 group, as present in 

PEG. According to studies, the transfer of these two 

peaks to the right and their shortness in the coated 

nanoparticles is due to polyethylene glycol in the 

composition of the nanoparticles [2]. Thus, it reveals 

that the coating of PEG on the surface of NiFe2O4 

nanoparticles has been successfully achieved. Figure 

5 shows the magnetic results of the NiFe2O4 

nanoparticles have impurities before annealing (NP), 

nanoparticles after annealing (NP800), and NP800-

PEG in the range of ±15000Oe. It reveals that NP800 

has high saturation magnetization than NP800-PEG. 

However, due to impurities, a weaker magnetic 

property was obtained in the NP sample. The 

nanoparticles before annealing have impurities α-

Fe2O3 and NiO. These impurities can interfere with 

the magnetic moment's interaction and thus reduce 
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the structure's magnetic properties [2, 21]. The 

decrease in saturation magnetization in the NP800-

PEG compared to NP800 is the formation of a 

polymer coating on nanoparticles because 

polyethylene glycol has a diamagnetic behavior that 

decreases saturation magnetization [22]. Magnetic 

properties (Ms, Mr, and Hc) are strongly dependent on 

the crystallinity of nanoparticles possessing a large 

surface-to-volume ratio, and disorders reduce the 

magnetic properties of the synthesized nanoparticles 

[23]. The graph indicates a decrease in Ms of PEG-

coated magnetic nanoparticles with a saturation 

magnetization (Ms) value of 42.52 emu/g over the 

NP800 with the value of 51.28 emu/g. 

 

 
Fig. 4. FTIR spectra of pure NiFe2O4 nanoparticles (NP800), PEG-coated NiFe2O4 nanoparticles (NP800-PEG), and 

pure PEG. 
 

 
Fig. 5. VSM-Magnetic hysteresis of NP, NP800, and PEG-coated NiFe2O4 nanoparticles. 

 

4. Conclusion 
NiFe2O4 magnetic nanoparticles were synthesized 

using the solution plasma method and coated with 

polyethylene glycol (PEG). The XRD analysis 

confirms the phase formation with average 

crystalline sizes of 22, 32, and 40 nm of bare and 

PEG-coated magnetic nanoparticles. The FTIR 

analysis of barely coated nanoparticles confirms 

surface modification with PEG with its prominent 

peak observed in the spectrum. The VSM analysis 

signifies PEG-coated nanoparticles have low 

saturation magnetization than bare nanoparticles. The 

encapsulation of PEG gets down the magnetic 

properties of nanoparticles, which results in a 

decrease in saturation magnetization from 51.28 to 

42.52 (emu/g). 
[[ 
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