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Abstract— In this paper focuses on polyvinylpyrrolidone(PVP) functioned Fe3O4/PVP magnetic nanoparticles (MNPs) are prepared 

by solid- state reaction method. Hexamethylenediamine (C6H16N2) is used as a precipitating agent and a base. It  observes that 

temperature influences the response procedure for the formation of Fe3O4/PVP magnetic nanoparticles. The nanoparticles are collected 

and  characterized by X-ray diffraction  (XRD), Laser Raman spectroscopy(LRS), Ultraviolet visible spectrometer(UV-Vis),Energy 

dispersive spectroscopy (EDS),Field emission scanning electron microscopy (FE-SEM).Their magnetic property is analyzed via 

vibrating sample magnetometer(VSM). 
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1. INTRODUCTION  

          Fe3O4 nanomaterials are a critical reputation for their 

chemical and physical properties. Since they are adjusting 

the stature and structure of metal oxides[1-3].These 

nanomaterials have gathered plenty of priority featuring  in 

numerous fields such as hyperthermic treatments [4], 

magnetic resonance imaging [5], drug and gene delivery [6], 

water treatment [7],and recoverable catalyst 

[8].sensor[9]proton exchanged membrane[10]optoelectronic 

devices[11],cell separation[12], and magnetic bio-

separations [13].  

        Magnetite (Fe3O4) is permanently bringing huge 

awareness and it has a superior biocompatibility,gigantic 

moment at under magnetic field,superparamagnetic 

character,solidity and lesser cytotoxicity [14-18].  Magnetite 

nanoparticles could cause noxious reaction to the human 

anatomy before bio-medicine treatment. For instance, when 

ferrous ions have been suspected in formation of responsive 

oxygen group. They can make complete blemish on 

deoxyribonucleic acid, proteins or fatty acid particles [19-

22]. Hence, peoples are  regularly consume specific 

surfactants or polymer to adjust the magnetite nanoparticles 

to recover their colloidal stability in physical conditions and 

diminish harmfulness[23,24].  

           Polymer system has a temperament in the preceding 

years to generate combinations of various polymers in place 

of creating different polymers. The intermixture of polymer 

is one of the straightforward to achieve a collection of 

physical and chemical properties from the ingredient of 

polymers. The compatibility or miscibility of the polymers 

are improved  in unfamiliar condition. Compatibility is 

making the capability of two or numerous polymer materials 

to blend together. Miscibility is capacity to develop a 

particular phase over absolute ranges of temperature, 

pressure, and composition.The miscibility period illustrates 

the homogeneity of polymer blends at specific temperatures. 

Miscibility can be determined over several aspects such as 

morphology, crystalline phase, intermolecular interaction, 

and reduction of surface tension.  

            Polyvinylpyrrolidone(PVP) has huge dielectric 

constant, resistance,stability,compatibility, dissolubility and 

massive scale screen production. PVP finds excellent use for 

life-saving substances such as blood plasma. An appropriate 

solution to a concentration of 3.5 percentages of the polymer 

can be used as a substitute for blood plasma. This solution is 

very stable over a long period of time  and can be gives to 

patients, irrespective of their blood groups. PVP polymer 

dissolves in ketones, ethers, chlorinated hydrocarbons and 

alcohol. It is generally resistant to attack by many strong 

chemicals and  good substitute for materials such as asbestos 

and mica. The applications of PVP are suspending mediator, 

coating agent, tablet binder and hydrophilizing biomaterial 

[25,26]. The superficial effects of PVP are essential in 

various functions as they generally demonstrate the surface 

appearance of medicinal gilings, mucosa and synthetic 

organs[27]. 

         Several procedures are being involved to developing 

PVP coated Fe3O4 nanoparticles. They are thermal 

disintegration of natural iron precursor[28],  sonochemical  

technique[29], nonaqueous approach[30], microemulsion 

route[31], chemical coprecipitation method [32], 

hydrothermal synthesis[33], etc.[34].These techniques are 

identified as relatively easy, but need a many processes.The 

processes are decomposition of metallic precursor and 

surfactant elements in a solvent along large boiling point, 

composing of metal-surfactant complicates etc[35]. It needs 

a high amount of organic solvent including lesser solubility 

and acceptable environment[36] and financial issue[37] in 

removal of solvent.  

       To overcome the particular trouble , in this paper, we 

are describing a solid state reaction method to combine 

Fe3O4 nanoparticles. Its size can be efficiently under control 

using mixing and steaming of metallic salt and surfactant 

elements.         That is commonly used approach during 

composite of many crystalline manganites. This approach 

gives a massive choice of action based on oxides, 

carbonates, etc. Because hard materials are not responding 

to one another on normal temperature (NT). It’s essential to 

increase  higher temperatures for the suitable reaction to 

arriving at considerable proportion. Advantage of using this 
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method is lower reaction, possibly stabilize metastable 

phases, eliminate intermediate impurity phases, produce 

products of small crystallites/high surface area.  

          In this activity PVP coated Fe3O4 magnetic 

nanoparticles are synthesized by solid-state reaction method 

at various temperatures.It observes that temperature 

influences the response procedure for the formation of 

Fe3O4/Pvp magnetic nanoparticles. The samples are 

characterized by X-ray diffraction(XRD), Laser Raman 

spectroscopy(LRS), Ultraviolet visible spectrometer(UV-

Vis) ,Energy dispersive spectroscopy (EDS), Field emission 

scanning electron microscopy (FE-SEM) and vibrating 

sample magnetometer(VSM). 

II.MATERIALS AND METHODS 

2.1. MATERIALS 

Iron (III) chloride hexahydrate (FeCl3. 6H2O), iron 

(II) chloride tetrahydrate (FeCl2. 4H2O), 

hexamethylinediamine (C6H16N2) and polyvinylpyrrolidone 

(C6H9NO)n are purchased from sigma Aldrich company 

India. 

   

2.2. SYNTHESIS OF Fe3O4  NANOPARTICLES 

Fe3O4  nanoparticles are prepared by solid-state 

reaction method. Iron (III) chloride hexahydrate, iron (II) 

chloride tetrahydrate and hexamethylinediamine are ground 

individually by using agate mortar. Then, suitable quantity 

of Iron (III) chloride hexahydrate, iron (II) chloride 

tetrahydrate and hexamethylinediamine powders are blended 

together and ground completely. 

 

2.3. Coating of PVP on Fe3O4 

The suitable amount of Fe3O4 nanoparticles and 

polyvinylpyrrolidone are mixed together and ground 

thoroughly. Finally, the powder is heated in a muffle furnace 

for 3h at 200C and 500 C designated as A and B samples 

respectively. 

III. RESULTS AND DISCUSSION 

Figure 1 shows the XRD pattern of PVP coated 

Fe3O4 nanoparticles at different temperatures. XRD pattern 

is recorded the crystal formation of  Fe3O4/PVP 

nanoparticles. It is created (sample A) complete reflection 

peaks are nominated to diffraction at  (220), (311), (222), 

(400), (331), (422), (511),(440) planes of cubic phase of  

Fe3O4  (space group : Fd-3m) which is nearly to the 

observation principles (JCPDS card no. 65-3107). And in 

(sample B) all the reflection peaks are nominated to 

diffraction from (220), (311), (400), (331), (422), 

(440),(531),(533) planes of cubic arrangement of  Fe3O4  

(space group : Fd-3m) which is nearly to the observation 

values (JCPDS card no. 82-1533). It is pointed out PVP 

coated Fe3O4 nanoparticles by a solid-state reaction method 

at different temperatures. That is noticed the strength of each 

diffraction peak of Fe3O4 nanoparticles unsteady which 

indicated due to coating from PVP in Fe3O4 nanoparticles. 

 

          
 

 
                                      

Fig.1. XRD patterns of PVP coated Fe3O4 nanoparticles (a) 

at 200   (b) at 500  

 

        

The typical grain volume of nanoparticles calculated from 

Scherrer equation: 

 [38]. 

Where L is element diameter, k is constant,  is X-ray 

wavelength,  is the full width half maximum and  is 

diffraction angle. The particle size is measured from FWHM 

of the high intense peak using Debye-Scherrer formula. The 

crystallite size is calculated to sample A 11nm and to 

Sample B 25 nm respectively.The reaction temperature is 

increased grain size and intensity. The peaks are becoming 

broad,  

 

            
 

Fig.2. FE-SEM image of PVP coated Fe3O4 nanoparticles 

(a) at 200
0
C  (b) at 500

0
C 

The FE-SEM image of PVP coated Fe3O4 at 200   

sample (A) is shown in Fig. 2a. The Fe3O4/PVP 

nanoparticles are accumulated and stuck tight together. Its 

huge efficiency created the time between a start  of 
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mechanical  progress. Lack of acute peaks are in the XRD 

pattern proves the presence of small particles to form 

chainlike structure. FE-SEM describes that the samples exist 

for aggregation of lesser particles at a magnification of 5000 

times the presence of large dense, agglomeration reveals that 

pore free crystallites are available on the surface. 

Fig.(2b) shows SEM micrographs of PVP coated 

Fe3O4 nanoparticles at 500  of sample (B). This measures 

that PVP decreases the agglomeration of the nanoparticles. 

It is evident that the existence of PVP very much influences 

the crystallite size, dissemination and diffusion of the 

appearing nanoparticles. Consistent nanoparticles with near 

size distribution and sphere shapes with weak agglomeration 

are acquired for PVP coated samples . It is clear that 

particles are of spherical shape and are agglomerated. From 

XRD pattern , we can find that most of the coated 

nanoparticles average size around 11nm and 25 nm 

respectively. 

The EDAX spectra are used for measurable constituent 

investigation of PVP coated Fe3O4 nanoparticles  prepared at 

different temperatures, shown in Fig. 3 (a) and (b) properly. 

The equivalent peaks in sample A (at 200   Fe3O4/PVP 

nanoparticles) and Sample B (at 500   Fe3O4/PVP 

nanoparticles) are due to Fe and  O.  PVP coated 

nanoparticles shows additional peaks equivalent of C as 

expected. Both the spectra do not display any extra impurity 

peak indicating the purity of samples. The analysis of 

elements  details is given in Table 1. 

 

          

 
Fig.3. EDAX image of PVP coated Fe3O4 nanoparticles (a) 

at 200   (b) at 500  

Table 1 

Elemental analysis for both samples (A and B)  PVP coated  

Fe3O4 MNPs at different temperatures. 

 

 

Optical absorption spectrum of magnetite 

nanoparticles are shows an absorption band in the region 

330-1960 nm, proves that the powerful UV absorption of the 

material. The absorption peaks are observed to be switched 

slightly approaches wavelength to Hypsochromic shift  (blue 

shift) at 328 nm in sample A and 343nm in sample B 

respectively. The value (~329.5 nm) is closed  with a 

previous  literature [39].  The absorption peaks are observed 

to slightly reaches wavelength to Bathochromic  shift (red 

shift) at 558 nm in sample A and 530nm in sample B 

respectively. The appearance of various absorption peaks 

shows Hypochromic and Hyperchromic shift in sample A 

and sample B respectively.In sample B Characteristic 

Absorption peaks are broadened when increasing the 

reaction temperature of PVP coated Fe3O4 nanoparticles. 

 
                                

 
Fig.4.UV spectrum of PVP coated Fe3O4 nanoparticles (a) at 

200   (b) at 500  

 

The  visual band gap intensity has been computed utilizing 

the  Tauc relation [40]. 

Elements At 

 Fe3O4/PVP at 

200  (A) 

Fe3O4/PVP at 

500   (B) 

Fe  

O 

C – PVP 

3.88 

34.66 

61.46 

35.08 

51.90 

13.02 
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m

gEhAah )(    

Where a  is absorption coefficient and is known by a = 

2.303 log (T/d) ( d is thickness and  T is a transmission , 

h  is the photon energy , A is a constant, Eg is the band 

gap of a substance and  m for various values respecting 

direct/ indirect band gap. Fig.5 views the 
2)( ah  against 

h graph of PVP coated Fe3O4 nanoparticles.The band gap 

(Eg) values  of the material have been approximated  by 

catching the interrupt of the projection to lowest point 

absorption with photon energy axis. The optical band gaps 

of the PVP coated Fe3O4 nanoparticles have been computed 

and are established to be 2.83 and 2.53 eV for ( at 200
0
C and 

500
0 

C) respectively.The band gap energy is decreased due 

to increase of the substance temperature on PVP coated 

Fe3O4 nanoparticles. Fe3O4 nanoparticles show a decrease in 

energy gap matching along bulk Fe3O4 (3.0 eV) due to a 

coating of PVP and temperature. 

Still, the as-synthesized substance has a band gap lesser than 

the bulk one. This result is expected because of chemical 

imperfection or vacuities available in intergranular attacks 

and metallurgy is created different intensity level to decrease 

the band gap energy. The band gap of the Fe3O4 

nanoparticles is nearby to the article reported value (0-3.0 

eV)[41]. 

 
                            

 
                        

Fig.5. Band gap energy calculation graph of PVP coated 

Fe3O4 nanoparticles (a) at 200   (b) at 500  

 

          Figure 6 shows Raman spectra of PVP coated Fe3O4 

nanoparticles at different temperatures. The weak peaks are 

observed around 198cm
-1

 and 446cm
-1

, because of PVP 

coated Fe3O4 nanoparticles at lower temperature (at 200
o
C). 

The peak is around 446 cm
-1 

approaches to the T2g mode 

bending of oxygen with consideration to Fe. Five vibration 

modes are viewed in sample B. The peak is nearly at 617 

cm
-1

  assigned to A1g  mode (symmetric stretch of oxygen 

atoms along Fe-O bond) and generally is connected to 

structural properties. The peaks are around 300cm
-1

 to 

500cm
-1

  attribute to the T2g mode (symmetric and 

asymmetric turning of oxygen with respect to Fe) and they 

are combined with electronic properties[42].At higher peaks 

are in the range of 1300-1400 cm
-1

 because of the formation 

of FeOOH,  -Fe2O3, - Fe2O3 phases[43]. 

 

 
                                         

 Fig.6. 

Laser Raman spectra of PVP coated Fe3O4 nanoparticles (a) 

at 200   (b) at 500  

 

The figure 7 shows M-H curve of  PVP coated Fe3O4 

nanoparticles at different temperatures.Saturation 

magnetization (Ms), remanence magnetization (Mr), 

Coercivity (Hc) and squareness ratio (Ms /Mr) values are 

tabulated in Table 2. The saturation magnetization (Ms) of 

Fe3O4/ PVP sample is  increased to an increase in reaction 

temperature of nanoparticles. It can be noticed that the lesser 

particle sizes show lesser values of Ms, due to the surface 

muddle and changed cationic allocation[44].The decrease in 

saturation magnetization at smaller sizes is credited to 

appreciable surface effects in these nanoparticles. 

https://www.wordhippo.com/what-is/another-word-for/vacuities.html
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Magnetic Saturation (MS) of magnetic  polymers 

are usually in the region of 4-30 emu/g [45-49]. The 

polymer is effect coating and encapsulation the Fe3O4 

nanoparticles and decreased the Ms
 
 value. This result is due 

to the  existence of the diamagnetic mechanism and 

reduction of magnetite ratio in every colliding. [50]. Each 

sample is shown superparamagnetic nature and has smaller 

saturation magnetization values than the bulk Fe3O4 [51]. 

The saturation magnetization of the elements is equivalent to 

its volume[52]. Since developed Fe3O4  illustrate the lesser 

Ms.   

 

 

 
Fig.7. M-H curves of PVP coated Fe3O4 nanoparticles (a) at 

200   (b) at 500  

 

Table 2 

Saturation magnetization (Ms), remanence magnetization 

(Mr), Coercivity and squareness ratio (Ms /Mr) values are 

calculated from the M-H curves for Fe3O4/ PVP at 200C 

(sample A) and Fe3O4/ PVP at 500C (sample B). 

IV.CONCLUSION 

In summary, PVP coated Fe3O4 nanoparticles are 

groomed by solid-state reaction method at low temperatures. 

PVP added to synthesize system, the morphology becomes 

small particles at 200
o
C  and spherical structure at 500

o
C   

respectively. As a result, diameter size is around in the range 

of 11 nm - 25 nm. The PVP coated Fe3O4 nanoparticles are 

exhibited super-paramagnetic behavior at room temperature. 

The  Optical band gap is in the region between 2.53 – 2.83 

eV and Laser Raman spectroscopy shows good absorption 

peaks and EDAX shows all the elements present in the 

sample. 
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