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A series of Zn ferrite nanoparticles was prepared by varying the concentration of precipitating agent 

(NaOH) in the range of 1 – 5 M. Carboxymethylcellulose (CMC) was used as capping agent for stabilizing 

the particles and to prevent agglomeration. The synthesis done at low temperature was followed by a 

thermal treatment at 500ºC for 6 h in air. The crystallite size determined using Scherer formula ranged 

between 8 - 10 nm while the nanoparticles average size observed by Transmission Electron Microscopy 

varied in between 7-10 nm showing that the increase of coprecipitation agent concentration influences the 

particles growth. Vibrating sample magnetometry confirmed the strong influence that nanoparticles 

morphology and size play on superparamagnetic properties of Zn ferrite.  
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New studies regarding zinc ferrites nanoparticles were developed for introducing the importance of small 

concentration of the precipitating agent during the synthesis step. In the last years Zn ferrite nanoparticles were 

reconsidered for different application such as hyperthermia [1], contrast agents [2 - 5], drug delivery [6], theranostic 

[7] due to their biocompatibility. Moreover this material is also being used for industrial application as waste water 

treatment [8], environmental protection [9] as well as gas sensing [10] and the list of possible application can 

continue. 

In bulk ZnFe2O4 has a normal spinel structure, in which all Zn2+ ions occupy tetrahedral positions (A-sites) and all 

Fe3+ ions octahedral positions (B-sites) being paramagnetic at room temperature, the transition to a magnetically 

ordered state occurs only at temperatures of about 10 K [11]. Magnetic properties of spinel ferrite nanoparticles are 

different from those of bulk materials and substantially depend on the particle size [12], [13]. The magnetic properties 

change significantly when the particle size decreases to a few tens of nanometers because at this scale cations’ 

inversion occurs, i.e. a part of zinc ions occupy the sites B, and part of iron ions the sites A [14] and the spinel 

structure become a mixed one and as consequence to the apparition of spontaneous magnetization [15]. Among the 

various preparation methods developed to produce Zn ferrite nanoparticles, such as reverse micelle [16], sol-gel [17], 

hydrothermal [11], the coprecipitation is the most used. A big part of literature reports the synthesis of ferrites from 

nitrate precursors [11, 18–29] but special attention is recently given to metallic chlorides precursors [30]–[40] due to 

the higher solubility in water of the resulted sodium chloride compared to the sodium nitrite [32, 33, 37, 38].  

Depending on the synthesis media, aqueous or not, on the coprecipitation agent concentration or the pH of the 

solution or of the subsequent thermal treatment different grade of inversion is realized. The percentage of Fe ions in 

octahedral (Fe3+) and tetrahedral (Fe2+) sites varies and the magnetization of the two sub-lattice do not compensate and 

the nanoparticles behaves magnetic or superparamagnetic above room temperature. It is well known that the influence 

of the coprecipitation agent in the solution [41, 42] and the annealing treatment [38, 43–45] can influence dramatically 

the crystallite growth.  

The main goal of our study was to prepare ZnFe2O4 capped nanoparticles by simple aqueous coprecipitation of zinc 

(II) chloride and ferric (III) chloride solutions using NaOH as alkali and carboxymethylcellulose (CMC) as surfactant  

[34, 37].  By varying the concentration of NaOH, we expect to impose a certain particle shape which can lead to 

different grain size and consequently better tuning of magnetic properties. The variations in particle size and shape 

induced predominant changes in the magnetic behaviour of zinc ferrite powders. 

 

Experimental part 

Zinc ferrite nanoparticles were prepared by coprecipitation route using five mixed aqueous solutions of 0.2 M 

ZnCl2 and 0.4 FeCl3 • 6H2O, following the synthesis protocol described in [49]. The obtained samples are noted in this 

manuscript as ZFO nM, where n = 1÷5. 

 

Characterization 

Crystal phase formation of the annealed samples was checked by powder X-ray Diffraction (XRD) using the X-ray 

diffractometer type X’Pert Pro MPD diffractometer by PANalytical B. V. with Cu Kα radiation, λ = 0.15406nm. The 
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Fig. 1 X-Ray patterns of ZFO nM 

powders annealed at 500o C 

 

Fig. 2 TEM images of ZFO a)-d) 

nM samples annealed at 500°C,  

n = 1, 2, 3, 5 
 

particle size, chemical composition and external morphology of the fine annealed powders were characterized by 

transmission electron microscope (TEM JEOL JEM-2010). Fourier-transform infrared (FT-IR) spectra of the powders 

(as pellets in KBr) were recorded in the range 4000-400cm-1 with a resolution of 4 cm-1 using a FTIR Spectrometer 

(Jasco 660 Plus). Magnetic measurements were performed at room temperature using a vibrating sample 

magnetometer system (Model VSM 3900 Princeton). The saturation magnetization values were determined by the 

interception methods in M = f (1/H) graphical representation.  

 

Results and discussions 

X-Ray diffraction analysis 

The X-Ray diffraction patterns at room temperature for annealed powders synthesized at different concentration 

values of NaOH solution are given in Figure 1. 

 
All annealed samples exhibit Bragg reflections peaks perfectly indexed to the cubic spinel structure (Fd-3m) 

indicating the formation of the single-phase ZnFe2O4 spinel ferrites [35, 49], but a slight contribution appears at the 

lowest NaOH concentration corresponding to an impurity phase such as Fe2O3, which dominates over (400) plane 

once the concentration is increased. XRD patterns show broad peaks due to small crystallite size. The diffraction 

patterns for all samples have been analysed and the results are listed in Table 1. 

 
Table 1 

THE CORRESPONDING REFINED VALUES OF THE LATTICE PARAMETERS AND CRYSTALLITE SIZES,  

VIBRATIONAL FREQUENCY OF Me-O BONDS: ν1 FOR  MTh – O AND  ν2 for MOh – O AND CORRESPONDING  

KA, KB FORCE CONSTANTS OF ZFO nM SAMPLES 

NaOH 

concentration 

Lattice 

constant, 

a[A] 

Crystallite size,  

DXRD [nm] 

Particle size, 

DTEM [nm] 

ν1 

(cm-1) 

ν2 

(cm-1) 

kA (dyne/cm2) 

x 104 

kB (dyne/cm2) 

x 104 

1M 8.43 9.2 6.6 570 396 13.8 5.5 

2M 8.43 8.1 9.8 571 407 13.9 5.8 

3M 8.44 9.9 8.7 568 397 13.7 5.5 

4M 8.43 8.9 10.2 568 400 13.7 5.6 

5M 8.43 9.3 9.4 571 398 13.8 5.5 

 

One can observe that samples have an unvarying lattice constant of 8.43 Å and 9 nm crystallite size, except 3M 

sample that has a slightly higher lattice constant of 8.44 Å and 2M sample that has a lower crystallite size of 8 nm. 

 

Electronic microscopy 

Morphology, agglomeration degree and particles dimension was investigated by TEM technique. Figure 2 shows 

the TEM micrographs with 20 nm scale of the zinc nanoferrites synthesized by varying the concentration of NaOH.  

 

One can observe the influence of NaOH on the synthesis process that leads to different texture and dimensions of 

the nanoparticles, increasing co-precipitating agent concentration determines a slightly higher grain size, but this 

increase is not directly proportional with the NaOH concentration, instead the order is 1M < 3M < 5M < 2M < 4M. 

All samples appear strongly agglomerated, cubic facet for n = 1, 2 and almost spherical for n = 3, 4, 5. Changing the 

concentration of NaOH leads to an average particle size DTEM of 10 nm, except a lower value of 6.6 nm for 1M 

sample. Particle size identified from TEM micrographs are in the same order of nanometres with the crystallite 

dimensions calculated from XRD patterns.  

 

 

 

    

a)ZFO 1M b)ZFO 2M c)ZFO 3M d)ZFO 5M 
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Fig. 3. FTIR spectra of ZFO nM 

nanoparticles at different concentration 

of NaOH 

 
 

 

Fig. 4 M (H) loops of ZFO nM 

nanoparticles at room temperature 

 

FT-IR spectroscopy analysis 

Absorption of surfactant molecules on the surface of zinc nanoferrites is confirmed by FTIR spectra of annealed 

samples synthesized at different concentration of NaOH and presented in Figure 3. 

                
The spectra for samples annealed at 500oC of CMC capped zinc ferrite nanoparticles prepared at different 

concentration of NaOH solution present strong peaks around 580 cm-1 corresponding to stretching vibrations of Me-O 

characteristic cubic spinel structure [11, 49]. The two distinct vibrations presented in the spectra at 1382 cm-1 and 

1638 cm-1 are attributed to symmetric and asymmetric vibrations of carboxylic group (COO-). The characteristic 

vibrations at 2855 cm-1 and 2924 cm-1 are assigned to the stretching of asymmetric and symmetric vibrations of 

methylene group (-CH2-) of carboxymethylcellulose. Additionally, all spectra have one broad band in the range 3400 

cm-1 corresponding to H2O. 

In the low domain one can observe peaks corresponding to bonds of metal from tetrahedral and octahedral position 

with oxygen (MTh – O and MOh – O), one at 570 cm-1 corresponding to Fe - O and the one corresponding to Zn - O at 

400  cm-1, with slight variation depending on nM. The reduced force constant for 3M sample corresponds to an 

increased lattice constant. 

 

Magnetic measurements 

Magnetizations (M) versus magnetic field (H) hysteresis loop measured for all five samples at room temperature 

are presented in Figure 4 and the values of the magnetic parameters are listed in Table 2. Zn ferrite, which is a 

paramagnet at room temperature in bulk form, has been found to have magnetic order at room temperature also by 

other authors [12, 49]. The S-shape magnetizations of the hysteresis loops suggest the presence of superparamagnetic 

clusters. In our case the saturation magnetization MS at 10 kOe (Ms) was found to be 20.52 emu/g with negligible 

coercivity (HC) and remanence. The non-saturation of the M (H) loop and the absence of the remanent magnetization 

MR and coercivity are indicative of the presence of superparamagnetic and single domain crystals 

               
At the nanoscale some of the Zn2+ ion is transferred to the octahedral position, which leads to the imbalance in spin 

configuration, and introduction of large magnetization compared to paramagnetic bulk ZnFe2O4. Thus, zinc ferrite 

nanoparticles become a mixed spinel type due to change in cation distribution [7].  

Magnetic properties of nanoparticles seem to be influenced by the morphology and average particles size. 

Increasing the concentration of NaOH one can observe that remanent magnetization and coercivity values also 

increase, excepting sample 5M. Simultaneously, the saturation magnetization decrease with increasing the NaOH 

concentration, excepting sample 5M because of increase in nanoparticle surface-to-volume ratio [47] and absorption 

of ligands at the surface of the nanocrystals which affects the electronic and magnetic structures at the surface and 

thereby impacts on the magnetic properties of the system [48]. A part of sample 4M has been supplementary 

investigated after applying a low dose of ion bombardment, as reported in Ref. [49], in order to gain knowledge about 

the stability of zinc ferrite magnetism.  

 
Table 2 

Hc (Oe), Mr (emu/g), Ms (emu/g) AND  K VALUES OF ZNFE2O4 NANOPARTICLES 

AT DIFFERENT CONCENTRATION OF NaOH 

NaOH 

concentration 
Sample HC (Oe) Mr (emu/g) Ms (emu/g) Mr / Ms K 

1M ZnFe2O4 1M 3.1688 0.3855 20.52 0.0187 67.7 
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2M ZnFe2O4 2M 6.1905 0.0407 16.32 0.0024 105.2 

3M ZnFe2O4 3M 8.6285 0.0473 13.76 0.0034 123.6 

4M ZnFe2O4 4M 12.573 0.0795 12.15 0.0065 159.1 

5M ZnFe2O4 5M 2.778 0.0181 16.75 0.0010 48.4 

 

The anisotropy constant was calculated using equation 𝐾 =  
𝐻𝐶∗𝑀𝑆

0.96
 and the values are presented in Table 2. One 

can observe that highest anisotropy constant corresponds to largest particle size DTEM.  Agglomeration of nanoparticles 

observed in TEM micrographs lead to different magnetic behaviour of samples. Shape anisotropy in the form of 

polyhedral nanoparticles was introduced in samples to study their effect on magnetic properties by decreasing the size 

of the particles. 

The squareness ratio (SQR) of a loop provides the distinction between soft and hard magnetic materials. This is 

calculated from the equation SQR = Mr / Ms. Low values of the SQR and HC were obtained for all the samples that 

indicate soft magnetic properties of the compounds consisting on small single-domain, randomly oriented assembly of 

particles.  

Considering our previous works and the literature available on this subject, we conclude that no higher NaOH 

concentration is required to be an efficient one in controlling the particle size and improving the microstructure. 

 

Conclusions 

In conclusion, nanocrystalline zinc ferrite was successfully synthesized by coprecipitation method changing the 

condition reactions by varying the concentration of precipitation agent. The cubic spinel phase was confirmed by XRD 

measurements. The bonding of functional groups from CMC on the surface of nanoparticles was also confirmed by 

FTIR analysis. The influence of different concentration of NaOH on the size and on the morphologies was also 

investigated to find the appropriate parameters of the synthesis. The variations of concentration during the synthesis 

method are found to be crucial on the structural morphologies of the nanoparticles.  
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