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1 Introduction 
 

 The occurrence of numerous macrobiotic contaminants 
in surface water and ground water may upshot from the 
polluted agricultural runoff, soil, industrial wastewater 
and perilous compounds storage seepage. The presence of 
these crude compounds in water poses grim peril to 
communal wellbeing while most of them are endocrine 
disrupting, toxic, carcinogenic or mutagenic to aquatic life, 

animals and humans in general. Numerous unrefined 
pollutants are considered as detrimental and toxic even, at 
very less concentration. For this rationale, their exclusion 
from the tainted water is of high priority. Accordingly, the 
necessity for proficient treatment of these contaminants is 
imperative. In certain cases, predictable treatment 
methods such as organic process are not effective due to 
the recalcitrant environment of the contaminants present 
[1, 2]. Therefore, the oxidation process is preferred to 
degrade such organics present. The water treatment 
process advanced oxidation processes, which involve the 
generation of hydroxyl radicals in sufficient quantity to 
affect water purification. The nano catalyst has been used 
in the degradation of the harmful organic compounds [3]. 
As an impending member of ferrite family, Ni0.5Dy0.5Fe2O4 
nanocrystal has engrossed research community by its 
stimulating ferromagnetic nature. Inverse spinel ferrite 
nanoparticles possess a significant technological 
applications such as, a catalyst, recording devices, sensors, 
MRI, etc,. Nickel ferrite as an inverse spinel phase 
formation with the Fe3+cations in the octahedral site which 
plays a significant role in the physical properties such as 
magnetic saturation, coercivity and high Curie 
temperature [4, 5]. The structural and magnetic properties 
depend on the ionic distribution as per the interaction of 
ions in the octahedral and tetrahedral sites these 
properties are tailored by the researchers by several 
synthesis techniques such as, co-precipitation [6], 
solvothermal [7], hydrothermal [8], microemulsion [9], 
combustion [10], etc,. Besides these methods, the co-
precipitation technique is a probable one for tailoring the 
uniform distribution of nanoparticles at an optimum 
temperature. In the present study, an effort has been put 
to prepare the Ni0.5Dy0.5Fe2O4nanocrystal by the co-
precipitation route. The synthesized nanomaterials were 
characterized by various techniques to investigate its 
properties. In the present study, Methylene blue (MB) dye 
was used as a mock-up pollutant and the degradation 
mechanism was studied in detailed with its recyclability, 
which makes itself a potential candidate in the industrial 
application. 

Abstract 
  Ferrite nanocrystals has sworn significant 
consideration in the current epoch owed to its unique 
environmental application in the degradation of 
organic pollutants and similarly its viability in 
technical and scientific zones of its significant 
properties such as, magnetical, electrical and optical. 
Nanosized ferrites are the utmost class of 
nanomaterials that have been significantly tailored by 
the research commune owing to their excellent 
properties. The properties present in Ni0.5Dy0.5Fe2O4 
nanocrystal make it a fitting candidate in the field of 
applied electronics. A conceivable and thriftily viable 
chemical precipitation technique has been used in the 
synthesis of Ni0.5Dy0.5Fe2O4 nanocrystal. The as-
synthesized nanopowders were analyzed to determine 
its properties like structural, optical, magnetical and 
photocatalytic activity. The structural property is 
depicted by powder X-ray diffraction (XRD), the 
formation of spinel peak was confirmed the crystallite 
size was calculated and found to increase as the pH 
concentration increased. TEM micrograph reveals the 
cubic nature and the crystallinity of the as-synthesized 
samples. The FTIR analysis elucidates the functional 
groups and the types of interionic bond present in the 
nanosamples, the two adsorption peaks were observed 
around 400 and 500 cm-1. UV-visible analysis (UV-vis) 
elucidates the optical property of the as-synthesized 
and hence as the result photocatalytic activity was 
observed. By using vibrating sample magnetometer at 
room temperature, the magnetic properties were 
determined and various parameters were calculated. 
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2 Experimental 
 

 Nickel nitrate hexahydrate (Zn(NO3)2.6H2O), 
Dysprosium nitrate hexahydrate (Fe(NO3)2.6H2O), ferric 
nitrate hexahydrate (Fe(NO3)2.6H2O) and sodium 
hydroxide pellets were acquired from Merck and utilized 
without further refinement. Nickel nitrate hexahydrate, 
Dysprosium nitrate hexahydrate and ferric nitrate 
hexahydrate are taken independently in 50 ml of distilled 
water and blended well till homogenization was achieved. 
The 2 M of sodium hydroxide (NaOH) was used as a 
mineralizer, in drop-wise into the admix solution under 
persistent blending in order to maintain the pH 9. The 
temperature was raised from 40 °C to 80 °C and kept for 2 
h under constant stirring till the precipitate was obtained 
and then the precipitate was cooled to room temperature. 
In order to remove the nitrate ions and impurities the 
obtained by product was centrifuged twice with ethanol 
and distilled water at 7000 rpm. The obtained by-product 
was annealed at 75 °C for 12 h and then grounded for 
further calcination at 500 °C for 3 h, the obtained nano 
product was analyzed to determine its significant 
properties. Same procedure was followed for pH 10, 11 
and 12. 

3 Results and Discussion 
3.1 XRD analysis 
 

 
Fig.1a XRD pattern for NiDyFe2O4 nanocrystal 

 
 

     
Fig.1b Deviation of (311) diffraction peak with respect to 

pH concentration 

 XRD pattern in Fig. 1a depicts the peaks engrossed to a 
typical spinel phase of Ni0.5Dy0.5Fe2O4nanocrystal, it is clear 
that the pattern had no secondary phase formation which 
matches incredibly well with the JCPDS card no.74-2081 
[11].On raising the pH there is a slight shift in the peak 
(311) and the peak value increases. This shift towards 
higher angle theta signifies the cation distribution in the 
lattice site. The crystallite size increases as the pH 
concentration in the solution increases (Table 1).The 
growth in the crystallite size is governed by the pH of the 
solution. The crystallite size was premeditated by Scherrer 
formula [12], 

  D =
��

� ��� �
                 (1) 

 

� = (��
� + ��

�) 
�

�                (2) 
 
Where ‘λ’ is 1.5406 Å for CuKα1, k is the instrumental 
constant, ‘θ’ is a Bragg’s angle, �� is the full width at half 
maximum of the peak (311), ‘D’ is the average particle size 
and ��is the standard instrumental broadening. The lattice 
constant increases as the pH concentration increases there 
is a linear nature in the lattice constant which abides 
Vegard’s law. The experimental lattice constant for 
Ni0.5Dy0.5Fe2O4 is calculated by the equation (3) [13], 

���� =  
�

√��������
                                  (3) 

As the pH concentration increases the nickel ions are 
replaced by Dy3+ ions in the lattice site.  On increasing the 
pH the peaks become narrow which intend shows the 
increase in crystallite size. The intensity of (311) peak 
decreases as the pH concentration increases, the growth of 
the particle depends on Oswald’s ripening. [Fig.1b]. In 
Ni0.5Dy0.5Fe2O4 ionic radii of Dy3+ ion (1.03 Å), Ni2+ ion 
(0.69 Å) and Fe3+ ion (0.55 Å) [14]. Taking these features, 
cation distribution for the as-synthesized nanoparticles is 
depicted Table 1.  
 
Table 1. Lattice parameter of Ni0.5Dy0.5Fe2O4 nanoparticles 
 
pH 
 

   D 
(nm) 

  aexp 
(nm) 

   ath 

(nm) 
   U3m  
(nm) 

   U  
(nm) 

9 8.2 0.841 0.842 0.27066 0.3953 

10 9 0.84 0.845 0.27051 0.3948 

11 10.5 0.847 0.854 0.27046 0.3939 

12 13 0.850 0.857 0.27039 0.3932 

The mean ionic radius of tetrahedral (��) and octahedral 

sites ( (��) is calculated by the below equation, 

�� = [�����. ����� + �����. ����� + �����. �����]      (4) 

�� = (
�

�
)[�����. ����� + �����. ����� + �����. �����]    (5) 

where, � is the ionic radii and c is the fractional 
concentration of cations in the sites. Mean radii of the 
tetrahedral site (B site) decreases as the pH concentration 
increases this is due to the Fe3+ ion in the octahedral site (B 
site). Theoretical calculation of the lattice parameter 
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increases with increase of pH concentration is calculated 
by the equation (6), 

��� = �
�

�√�
� [(�� + �� ) + 3(�� + �� )]                  (6) 

� = �
�

���√�
� (�� + �� ) + 1/4                                    (7) 

��� =  
�

� 
�� –

 � 

�
� �

�

�

� 

�
�� �

�

��
�

�����
           (8) 

The anion-cation length �� and �� are calculated using the 
following relation, 

                �� = ��3 �� +
�

�
�                                     (9) 

                 �� = �(
�

��
−

�

�
+ 3��)                              (10) 

                             � = � − ������                                         (11) 
where, �  represents deviation ofoxygen positional 
parameter. The calculated values are tabulated in Table 2. 

� = �(2)
�

�(2� − 0.5)                            (12) 

�� = �(2)
�

�(1 − 2�)                              (13) 

��� = �(4�� − 3� +
��

��
)

�

�                     (14) 

The bond angle calculated by cation-cation (p, q, r, s) 
cation-anion (b, c, d, e, f) are tabulated in Table 3. The 
magnetic interface is the contrariwise of the bond length 
[15], has been calculated by the below relation,   
Cation –cation distance Cation –anion distance 
 

� = �
�

�
� (2)�/�               (15)      

� = �
�

�
� (11)�/�            (16)     

 � = �
�

�
� (3)�/�                    (17)  

 � = �
��

�
� (3)�/�                   (18)      

 � = �
�

�
� (6)�/�                    (19) 

      � = �(�
�

�
� − �)                   (20) 

     � = � �� −
�

�
� (3)�/�           (21) 

     � = � �� −
�

�
� (11)�/�         (22) 

    � = �(�
�

��
� + �

�

�
�)(3)�/�     (23) 

Table 2 Interatomic sites of Ni0.5Dy0.5Fe2O4 nanoparticles 
 

pH 

concentration 
rA rB RA RB R R’ R’’ A-O B-O 

9 

10 

0.06570 

0.06562 

0.0670 

0.0683 

0.06584 

0.06581 

0.0650 

0.0657 

0.3230 

0.3232 

0.2718 

0.2724 

0.2980 

0.2989 

0.19750 

0.19757 

0.2009 

0.2014 

11 0.06550 0.0689 0.06564 0.0659 0.3235 0.2727 0.2993 0.19763 0.2017 

12 0.06540 0.0694 0.06642 0.0660 0.3237 0.2733 0.2997 0.19767 0.2020 

 

Table 3 Bond length between cations-cations and cation-anions 
 

pH 
concentration 

P q r S b c d e f 

9 0.2010 0.1958 0.3655 0.3808 0.2931 0.3481 0.3615 0.5430 0.5143 

10 0.2014 0.1961 0.3797 0.3761 0.2932 0.3493 0.3623 0.5448 0.5146 

11 0.2019 0.1974 0.3810 0.3674 0.2937 0.3495 0.3635 0.5453 0.5148 

12 0.2024 0.1983 0.3817 0.3670 0.2943 0.3580 0.3639 0.5461 0.5151 

 
Table.4 FTIR bands of Ni0.5Dy0.5Fe2O4 nanoparticles 
 

pH 
concentration 

 
ν1 × 10

-2 

m-1
 

 
ν2 × 10

-2 

m-1 

�� 
X 10-2 (1/m) 

�� 
X 10-2 (1/m) 

��� 
GPa 

��� 
GPa 

9 564 460 90.365 40.230 78.104 36.541 

10 553 456 90.370 41.563 78.489 36.978 

11 550 443 90.376 43.432 79.634 37.537 

12 539 418 90.382 43.724 91.813 40.678 
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3.2 FTIR analysis 

 
Fig.3 FTIR spectrum of Ni0.5Dy0.5Fe2O4 nanoparticles 

 
 The FTIR spectra of Ni0.5Dy0.5Fe2O4 nanoparticles 
consist of two broad vibrational bands in the range of 400-
600 cm-1. These bands are assigned to the stretching 
vibrational modes of metal ions in tetrahedral site ν1 (MA-
O) and octahedral site ν2 (MB-O). In mixed ferrites on 
substituting rare earth shows a strong negotiation in the 
vibrational band, as the pH concentration there is a steady 
variation in cations sites this ensures the inverse spinel 
formation remains unaltered [16]. This distribution in the 
cation site strongly effects the vibration of lattice. On 
increasing pH concentration, the spectra show a significant 
shift in peak to higher frequency range, this is payable to 
the trepidation happening in Fe3+ ions site. Usually, the 
bond length of ferrite ions in octahedral site is lower than 
the tetrahedral site, which is due to the covalent bonding 
of Fe3+ ions. The force constants (k�) and the absorption 
band position ( k�)  and k�  is calculated by using the 
equation (24, 25), 

k� = 7.62 M�ν�
� × 10��N/m               (24) 

k� = 5.31 M�ν�
� × 10��N/m               (25) 

where, MA is the molecular weight of A – site and  �� is the 
molecular weight of B – sites cations. The stiffness 
constant (C��&C��) are calculated by the below relation, 

C�� = k��/ a�                  (26) 
C�� = (σC��)/ (1 - σ)   (27) 

The relations of stiffness constant of the Ni0.5Dy0.5Fe2O4 

nanoparticles is calculated and presented in Table.4. 
 
3.2 UV-visible analysis 
  

 A UV-visible spectrum is used to determine the optical 
properties of as-synthesized samples. The gap edged by 
absorbance is due to the incidence of electron-photon 
interactions, interface defects and point defects [17]. The 
red shift emerges owing to the metastable states within 
the band edge. The indirect band gap was estimated by the 
extrapolation of the x-axis in the graph by Tauc’s plot as 
shown in Fig. 4. The absorption edge is calculated by using 
the relation,  

�ℎ� = �(ℎ� − ��)1/2             (28) 

where, h, υ, and A are the Planck constant, absorption 
coefficient and light frequency and�� is the band gap, α is 
the proportionality constant. 

  

 
Fig.4 (a) and (b) UV-vis spectrum and bandgap energy plot 

of Ni0.5Dy0.5Fe2O4 nanoparticles 
  
 The band gap decreases as the pH concentration 
increases which is due to the quantum confinement. The 
band gap is influenced by various factors like annealing 
temperature, particle size, lattice parameters, presence of 
secondary phase and impurities. the absorption edge of 
ferrite nanoparticles in the visible region is due to the 
excitation of electrons from O2p state to Fe3d state which 
is rational for the inverse spinel nanoparticles [18]. 
 
3.2.1 Photocatalytic activity 
    

 Photo-Fenton activity of Ni0.5Dy0.5Fe2O4 nanocrystals 
was observed by the dilapidation of property in organic 
dye which was irradiated to visible light with a 125 W 
mercury as a irradiation light source. In this experiment 50 
mg of photo-catalyst was dispersed in 50 ml of 10 mg/l of 
MB solution. Prior to irradiating, the solution was stirred 
in the absence of light for 30 minutes to make definite 
desorption-adsorption equilibrium of MB aqueous 
solution with the nanocatalyst (Ni0.5Dy0.5Fe2O4).  
 Then the aqueous solution with the catalyst was 
exposed to light after addition of 2 ml of 30% H2O2. At 
given time intervals, 3 ml of aliquots were centrifuged in 
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order to remove ferrite nanoparticles. The concentration 
of MB was observed with the UV-vis spectrophotometer is 
observed in Fig.5. The percentage of degradation of 

Methylene blue is listed in the table. 5, the efficiency of 
degradation depends on the particle size shown in Fig.6. 

 
Fig.5 Degradation spectra of MB with respect to time in the presence of Ni0.5Dy0.5Fe2O4 nanocatalyst 

 

 
Fig.6 Dependence of crystallite size with degradation% 

 
3.2. 2Chemical kinetics 
 

               The degradation of organic MB in the presence of 
catalyst follows pseudo first order kinetics and the rate 
constant is calculated using Langmuir-Hinshelwood model 
[19], Fig.7 shows the linear relation between irradiation 

andln �
�

��
�.  

kt = ln �
�

��
�                            (29) 

 

Table.5 Degradation of crystallite size and degradation 
rate constant 
 

pH D 
(nm) 

Degradation 
(%) 

Rate 
constant 

9 15.01 99.2 0.006 

10 19.81 98.9 0.008 

11 24.91 98.7 0.012 

12 35.53 98.5 0.021 

 
3.2.3 Recyclability 
 

         Recyclability of the Ni0.5Dy0.5Fe2O4 catalyst is of 
primary connotation for industrial waste water treatment 
in long term progression to mortify the organic pollutants 
present in the water. Ferrites own first-rate photo-Fenton 
activity, hence can be easily separated using magnetic 
fields. After degradation of MB, the nanocatalyst was 
centrifuged with distilled water, followed by drying at 
75 °C for 24 hours in a hot air oven. The ferrite 
nanoparticles had no crucial trouncing even after five 
cycles hence confirm their importance in treating waste 
water from industries. The typical degradation percentage 
of organic dye in the presence of Ni0.5Dy0.5Fe2O4 
nanoparticles for 5 successive cycles is shown in Fig.8. 
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Fig.7 Degradation kinetics of Ni0.5Dy0.5Fe2O4 nanoparticles 

 

 
 

Fig. 8 Recyclability of Ni0.5Dy0.5Fe2O4 for 5 consecutive cycles 
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Fig.9 VSM of Ni0.5Dy0.5Fe2O4 nanoparticles 

 
3.3 VSM analysis 
 

 
Fig.10 Dependence of coercivity and saturation 

magnetization with pH variation 
 

 The magnetic measurements for the as-synthesized 
sample analyzed by the vibrating sample magnetometer at 
room temperature with an applied field of 10KOe are 
depicted in Fig.9. The magnetic property depends on the 
quantum coupling like S-S coupling and L-S coupling, here 

the nanoparticles possess a magnetic domain due to the 
cation distribution. The saturation magnetization 
decreases drastically as the coercivity decreases which is 
due to the magnetization changes in the domain wall and 
also due to the surface effects in the finite size scaling in 
nano surface. The quantum mechanical potential model 
and O-2p electron model plays an important role in cation 
distribution that leads to the magnetic moment in the 
cation site [20].  
 The magnetic moment   (�� ) for the as-synthesized 
nanocrystal is calculatedby the relation, 

���
�×��

����
                           (30) 

where, M is the molar mass, M�  is the saturation 
magnetization and ��  is the magnetic moment. In 
Ni0.5Dy0.5Fe2O4 nanoparticles, Dy3+ions occupy the 
tetrahedral site while Fe2+ions preferoctahedral site. This 
cation distribution is sturdily reliant on the synthesis 
technique. The retentivity (Mr), coercivity (Hc), saturation 
magnetization (Ms) and magnetic moment (��) for the 
synthesized samples are given in table 6. The hysteresis 
loop specifies definite ordering of spin states and the 
nanosamples possesses a ferromagnetic nature. It was 
evident that as the pH, concentration increases, the 
corecivity increases whereas saturation magnetization 
decreases as shown in Fig.10. 
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Table.6 Corecivity (Hc), Squareness ratio (Mr/Ms), 
Retentivity (Mr), Saturation Magnetization (Ms) and 
Magnetic moment (��) of Ni0.5Dy0.5Fe2O4nanoparticles. 
 

pH 
 

Hc(Oe) Ms(emu/g) Mr(emu/g) �� 

9 

10 

11 

12 

395.02 

390.94 

370.21 

354.20 

0.13270 

0.13104 

0.12339 

0.11009 

11.929 

4.237 

3.7031 

3.1544 

0.00546 

0.00539 

0.00508 

0.00453 

4 Conclusions 
 

 The prime emphasis of the current work is to 
synthesize highly crystalline nanocrystals, which had its 
significant effect on magnetic properties. From FTIR 
spectrum, the functional group was determined with the 
stretching vibrations present in octahedral and tetrahedral 
site. The UV-vis spectrum reveals the optical property of 
the as-synthesized nanocrystals. A VSM measurement 
discloses the ferromagnetic nature of the crystal with 
respect to the domain wall is studied. The 
Ni0.5Dy0.5Fe2O4nanocrystals is considered to have 
astonishing and impending significance in photo-Fenton 
activity. 
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