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ABSTRACT 
Spinel ferrite magnetic of NiFe2O4 particles were prepared using a green synthesis approach with Hibiscus rosa-
sinensis extract. The characterization of obtained samples was conducted using X-ray diffraction, transmission 
electron microscopy, diffuse reflectance spectroscopy UV-Vis, vibrating sample magnetometer, Fourier transformed 
infra-red, and X-ray photoelectron spectroscopy. The activity of the samples was evaluated by measuring the 
degradation of Direct Yellow 27 and batik waste dyes under sunlight irradiation. Structural analysis by comparison 
of the X-ray diffraction pattern against standard data confirmed the formation of spinel ferrite. The morphology 
observation revealed that NiFe2O4 nanoparticles had a rod-like and spherical shape. All samples show magnetic 
behavior. The calcination process affected the magnetic properties and band gap of prepared particles. Furthermore, 
Fourier transforms infra-red spectra showed vibration of Fe-O and Ni-O at 300-600 cm-1 for tetragonal and 
octahedral sites in spinel ferrite structures. The samples showed good photocatalytic activity under sunlight; 
degradation was 95% and 84% for Direct Yellow 27 and batik waste dyes respectively.  
Keywords: NiFe2O4, Hydrothermal, Hibiscus rosa-sinensis, Magnetic, Photocatalytic. 
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INTRODUCTION 
Spinel ferrites have the general formula MFe2O4 where M represents a divalent metal ion.  They are cubic 
in structure and have extensive technological applications. Over the last decade, ferrite nanoparticles have 
attracted attention due to their high permeability, electrical resistivity and electromagnetic properties 
make them suitable for many purposes such as magnetic storage, microwave devices, biosensors, drug 
delivery, disease diagnosis, gas sensors, energy conversion, photocatalysts and magnetic separation.1, 2 
Nickel ferrite (NiFe2O4), is an industrially important soft ferrite with properties that make it ideal not only 
for soft magnetic core materials in power transformers but also as a photocatalyst. It has low coercivity 
and high electrochemical stability. NiFe2O4 has an inverse spinel cubic structure where Fe3+ ions occupy 
both tetrahedral (A) and octahedral sites (B), and Ni2+ ions occupy octahedral sites (B). A cubic unit cell 
of nickel ferrite contains 8 Ni2+, 16 Fe3+, and 32 O2- ions. Small nickel ferrite particles are spinel while 
larger masses have inverse spinel properties.2-4 
Synthesis of NiFe2O4 spinel ferrite nanoparticles has been developed intensively using several preparation 
techniques such as sol-gel combustion and co-precipitation3,4, combustion5, solvothermal6, thermal 
decomposition and seed growth7, hydrothermal synthesis8, solid-state reactions9, and honey-mediated sol-
gel combustion.10 Due to growing ecological concerns, there is a growing interest in green synthesis of 
inorganic materials in which simple environmentally friendly methods are used. Material is prepared 
using natural extracts as capping agents and water as a solvent. Spinel ferrites produced by this method 
have a smaller particle size, are smooth, stable, and have a homogenous structure. Many plants such as 
Malachra capitata, rambutan, lemon eucalyptus, Mirabilis jalapa, black nightshade, neem, and Hibiscus 
rosa-sinensis have been used in green synthesis of metal oxides including spinel ferrites.11-18 However, as 
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far as we know there is no published account of green synthesis of NiFe2O4 spinel using hibiscus leaf 
extract or its application as a catalyst to degrade of dyes under sunlight. Which is the topic of this present 
report. 
Hibiscus leaf extract was used as a capping agent and metal nitrates as precursors. Extracts of Hibiscus 
leaves contain taraxeol acetate, oxalic acid, fructose, flavonoids, and flavonoid glycosides which can act 
as a capping, chelating and stabilizing agents replacing hazardous chemicals. In addition, Hibiscus leaf 
extract is environmentally friendly, economical and easy to obtain and prepare.19, 20 The synthesized 
magnetic materials were characterized using X-ray diffraction (XRD), transmission electron microscopy 
(TEM), Fourier transformed infra-Red (FTIR), diffuse reflectance spectroscopy UV-Vis (DRS UV-Vis), 
vibrating sampler magnetometer (VSM), and X-ray photoelectron spectroscopy (XPS) and their 
photocatalytic degradative activity measured on Direct Yellow 27 and batik waste dyes under sunlight 
irradiation.  

EXPERIMENTAL 
Materials 
All of the reagents were used without further purification. Ni(NO3)2.4H2O, Fe(NO3)3.9H2O, and NaOH 
were purchased from Merck. Distilled water was used as a solvent for all samples. Hibiscus rosa-sinensis 
leaves were obtained from Pariaman, Indonesia. Direct Yellow 27 and batik waste dyes were used to test 
the resulting spinel ferrite effectiveness as a photocatalytic agent. 
 
Preparation of Extract and Synthesis of Spinel Ferrites 
The extract of Hibiscus rosa-sinensis leaves was prepared using a modification of a previously used 
procedure.18 25 g of fresh Hibiscus leaves were washed and pounded finely and the resulting gel separated 
from the fibrous material. This gel was dissolved in 100 ml distilled water and continuously stirred for 45 
minutes until homogeneous then temporarily stored in the refrigerator.  
NiFe2O4 particles were synthesized hydrothermally using metal nitrates as precursors and Hibiscus leaf 
extract as the capping agent.21 A molar ratio of 1:2 of Ni(NO3)2.4H2O and Fe (NO3)3.9H2O was combined 
with 75 ml of the extract solution (extract + distilled water).  The mixture was poured into an autoclave 
tube and heated at 180°C for 3 h. After that, the resulting precipitate was filtered and rinsed with distilled 
water to pH = 7, then dried at 100°C for 4 h. The powder obtained was labeled NiE. A NiEN labeled 
sample was synthesized the same way in the presence of NaOH (2 M) as a mineralizer. For NiENK 
labeled sample was synthesized like NiEN sample then calcined at 700℃. As a comparison, and NiN 
labeled sample was also synthesized hydrothermally in the presence of NaOH without the leaf extract.  
The obtained NiFe2O4 spinel ferrites were characterized by XRD (XPERT-PRO diffractometer system), 
TEM (JEOL JEM 1400), FTIR (Perkin Elmer 1600 series), DRS UV-Vis (SPECORD 210 PLUS-
223F1936C), VSM (OXFORD VSM 1.2H), and XPS (ULVAC-PHI Quantera SXM) in order to analyze 
the structure, morphology and crystallinity, interactions within the spinel, optical and magnetic properties, 
and bending energy. 
The photodegradation activity of the samples was evaluated on Direct Yellow 27 and batik waste dyes 
under sunlight irradiation using a procedure adapted from previous work.21 For each experiment, 0.02 g of 
spinel ferrite was dispersed in 20 mL of Direct Yellow (30 mg/L) or batik waste dyes in aqueous solution. 
The mixture was kept under sunlight irradiation for 0.5-2 h (from 11:00 am to 14:00 pm) and then 5 mL 
of solution was analyzed by measuring absorbance in a UV–vis spectrophotometer. 
 

RESULTS AND DISCUSSION 
Characterizations 
The XRD diffraction patterns of NiE, NiEN, NiENK, NiN nickel ferrites are shown in Fig.-1. It can be 
observed that there are no sharp diffraction peaks for the NiE sample which indicates that the sample is 
still in the amorphous phase. NiEN, NiENK and NiN spinel ferrites all had dominant peaks at 2θ=30.3°, 
35.7°, 43.4°, 57.4°, and 62.9°.  These diffraction peaks were sharp and narrow indicating crystallinity and 
were indexed as (220), (311), (400), (511), and (440) of the hkl crystal plane is similar to the published 
ICDD standard data (Card no. 01-071-3850) for a cubic spinel ferrite. An impurity peak indicating 
hematite (α-Fe2O3) was observed for the sample NiENK and was probably due to the high calcination 
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temperatures used causing degradation of the ferrite structures. Previous researchers have also found 
Fe2O3 as an impurity in NiFe2O4 with samples calcined at 700℃.11  
The crystallite size of samples was measured using the Scherer equation as in previous research22 and can 
be seen in Table 1. The intensity of the peaks increased as crystallite size increased. The calcination 
process caused the size of the crystals to be larger. However, the crystal size of NiENK sample was 
smaller than the NiN sample that was prepared in the same way without the extract.  
 

 
Fig.-1: Powder XRD Pattern of NiE, NiEN, NiENK and NiN Samples 

 
The morphology and structure of samples were analyzed using transmission electron microscopy. Figure-
2 shows the morphologies of NiEN (a-c) and NiENK (d-f) ferrites at different magnifications.  It is clearly 
seen that the NiEN sample is a rod-like particle, whereas the NiENK sample is a spherical-like 
nanoparticle. There was some agglomeration observed for NiEN caused by the presence of organic 
material from the extract left in the sample. The TEM image of NiE ferrite was not analyzed because it 
was still in an amorphous phase as seen in XRD patterns.23 This result suggests that the treatment used 
influenced morphology and crystal formation. The Hibiscus extract can slow up the nucleation and 
affected the growth of the ferrite crystals so that NiENK samples can be smaller even though calcined at 
high temperatures.24 

 

   

   
 

Fig.-2: TEM Images of NiEN (a-c), NiENK (d-e) at Different Magnifications 
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Fig.-3: Hysteresis Curves of (a) NiE, (b) NiEN, (c) NiENK, and d) NiN Samples 
 

The magnetic properties of NiE, NiEN, NiENK, and NiN spinel ferrites were measured by VSM at room 
temperature as shown in Fig.-3. The magnetization behavior of the NiE and NiEN samples were of a 
typical paramagnetic compound. This paramagnetic behavior emerged since the formation of spinel 
ferrite crystals was incomplete impacting magnetic dipole orientation. The NiENK sample was soft 
ferromagnetic and NiN ferrimagnetic. The remanent magnetization (Mr), saturation magnetization (Ms), 
and coercivity field (Hc) are summarized in Table-1. The lower magnetization value of ferrite samples is 
caused by phase, crystallite size, use of the Hibiscus extract and the calcination process. The magnetic 
saturation value of NiENK is higher than that found by a previous researcher for NiFe2O4 (Ms=12.7 
emu/g) made using aloe vera extract as a capping agent then calcined at the same temperature.11 The 
enhanced magnetic properties of NiENK would allow it to be easily separated from liquid for reuse when 
used as a photocatalyst.  
The optical behavior of the spinel ferrites was studied using UV-Vis diffuse reflectance spectroscopy at 
room temperature. In order to estimate the bandgap energy, the absorption value of each sample obtained 
was substituted into the Planck’s equation: Eg = hc / λ = 1240/λ, where Eg is the bandgap energy (eV), h 
is Planck’s constant, c is the speed of light (m/s), and λ is the maximum wavelength (nm) absorbed.25 Fig. 
5 shows the absorption curves of all the samples. Maximum absorbance values indicate that the spinel 
ferrites were active in the visible light area. Each treatment step in the production of the extract catalyzed 
spinel ferrites reduced the bandgap energy (Table-1) perhaps due to the crystallite size decreasing at each 
treatment step leading to a quantum confinement effect.20The bandgap energy for NiENK and NiEN 
sample was close to that of samples obtained in previous studies (1.64 eV)26, 27 and (~2.1 eV).28 

The chemical state of the elements in the NiENK spinel ferrite was investigated using an XPS instrument. 
The visible peaks are shown in Fig. 6(a) correspond to Ni, Fe, O and C elements. The XPS survey O1s, 
Fe2p and Ni2p XPS spectra are shown in Fig. 6(b–d). Spin-orbit interaction for Ni and Fe led to splitting 
of the 2p states into 2p1/2 and 2p3/2 levels. The peaks located at 532.2 eV can be assigned to (O1s), at 712 
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and 736 eV can be indexed to the bending energy of Fe 2p3/2 and Fe 2p1/2, and bending energies of 857 
and 875 eV correspond to Ni 2p3/2 and Ni 2p1/2, confirming the formation of nickel ferrite.10 The presence 
of C 1s peak can be ascribed to carbon from the XPS instrument.  
FT-IR spectral analysis confirmed the presence of spinel structures in the ferrite samples. Fig.-6 shows 
the FT-IR spectrum of the synthesized ferrite samples in the range 300-1300 cm−1. The FT-IR spectra of 
the ferrite samples show two main absorption bands in the range 300-900 cm−1. Maximum absorption was 
in the range 500-560 cm−1 (ν1) matching the fundamental stretching vibration of the metal at a tetrahedral 
site (Mtetra–O), while the other absorption bands in the range 300-400 cm−1 (ν2) correspond to stretching 
vibrations of the metal at an octahedral site (Mocta–O). These ν1 and ν2 bands confirm the presence of the 
ferrite spinel NiFe2O4 in the prepared samples. For the NiE sample, the absorption bands were the range 
993-1191 cm−1 and likely to be due to residual organic matter from the Hibiscus rosa- sinensis extract.3,10 
 

Table 1. Crystallite size, bandgap, magnetic saturation, magnetic remanent and coercivity 
field of Ni-ferrites 

Catalyst Crystallite size 
(nm) 

Band        
gap 

(eV) 

Magnetic 
saturation 

(emu/g) 

Magnetic 
Remanent 
(emu/g) 

Coercivity 
field 

(Tesla) 

NiE - 1.88 0.36 - - 

NiEN 13.22 1.81 1.66 - 0.015 

NiENK 15.86 1.65 34.26 14.6 0.015 

NiN 21.31 1.96 52.90 21.5 0.010 

 
 

 

 
Fig.-4: DRS UV-Vis Absorption Spectra of (a) NiE, (b) NiEN, (c) NiENK, and (d) NiN Samples 
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Fig 6. FTIR spectra of NiE, NiEN, NiENK and NiN samples 
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Fig.-7: Photocatalytic Activity of Sample on the Degradation of (a) Direct Yellow 27 and (b) Batik Waste Dyes 
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Catalytic Activity Evaluation 
The photocatalytic degradation activity of the samples was evaluated on Direct Yellow 27 and batik waste 
dyes under sunlight irradiation as shown in Fig.-7. The graph in Fig.-7a shows that the degradation of 
Direct Yellow 27 without a catalyst reached 10 % after 2 h. In the presence of a NiEN catalyst, there was 
an almost six-fold increase in the degradation of the Direct Yellow 27 dye (57%).  The calcined NiENK 
catalyst was even more effective with 95% of the Direct Yellow 27 dye and 84% of the batik waste dye 
degraded after 2 h. As a semiconductor, spinel ferrite has valence band electrons that can be excited into 
the conduction band when exposed to light. These electrons then react with H+ from water molecules 
resulting in the production of O2

- ions. These O2
- ions react with H+ from other water molecules forming 

OH radicals which photodegrade the dyes under sunlight.  The higher activity of NiENK is likely to be 
due to the lower amount of agglomeration within the catalyst increasing the formation of OH radicals in 
the solution.  

CONCLUSION 
Magnetic spinel ferrites of NiFe2O4 were successfully synthesized in an economical and environmentally 
friendly procedure using Hibiscus rosa-sinensis extract as a capping agent.  When this synthesis was 
conducted in the presence of NaOH the spinel ferrites had a high crystallinity index. Subsequent 
calcination increased the size of the crystallites, crystallinity and magnetic saturation while decreasing the 
bandgap energy. These calcined spinel ferrites had excellent photocatalytic degradative activity on both 
Direct Yellow 27 and batik waste dyes. Furthermore, their high magnetic saturation facilitates extraction 
from a liquid making them practical and retrievable tools for the removal of waste dye from water. 
 

ACKNOWLEDGMENT 
Authors are grateful to LPPM of Andalas University for supporting this work through the KRPGB grant 
with contract number: 37/UN.16.17/PP.PGB/LPPM/2018.  
 

REFERENCES  
1. Q.Y. Wang, R. Cheng, Z. Wen, L.J. Zhao, European of Journal Inorganic Chemistry, 19, 2942 

(2011), DOI:10.1002/ejic.201100205 
2. N. Gupta, P. Jain, R. Rana, S. Shrivastava, Materials Today: Proceedings of 5th International 

Conference of Materials Processing and Characterization (ICMPC 2016), 4, 342(2017).   
3. Hirthna, S. Sendhilnathan, P.I. Rajan, T. Adinaveen, Journal of Superconductivity and Novel 

Magnetism, 9 pages, (2018), DOI: 10.1007/s10948-018-4601-3 
4. S. Joshi, M. Kumar, S. Chhoker, G. Srivastava, M. Jewariya , V. N. Singh, Journal of Molecular 

Structure, 1076, 55(2014), DOI: 10.1016/j.molstruc.2014.07.048 
5. M.R. Phadatare, A.B. Salunkhe, V.M. Khot, C.I. Sathish,  D.S. Dhawale, S.H. Pawar, Journal of 

Alloys And Compounds, 546, 314(2013), DOI: 10.1016/j.jallcom. 2012.08.092 
6. N. Dong, F. He, J. Xin, Q. Wang, Z. Lei, B. Su, Material Letters, 141, 238(2015), DOI: 

10.1016/j.matlet.2014.11.054 
7. X. Lasheras, M. Insausti, I. Gil de Muroa, E. Garaio, F. Plazaola, The Journal of Physical Chemistry, 

120(6), 3492(2016), DOI: 10.1021/acs.jpcc.5b10216 
8. X. Tang, X. Hou, L. Yao, S. Hu, X. Liu, L. Xiang, Materials Research Bulletin, 57, 127(2014), DOI: 

10.1016/j.materresbull.2014.05.038 0025-5408 
9. M. Shahid, L. Jingling, Z. Ali, I. Shakir, M.F. Warsi, R. Parveen, M. Nadeem, Materials Chemistry 

and Physic, 139, 56(2013), DOI: 10.1016/j.matchemphys.2013.01.058 
10. R.S. Yadav, I. Kuřitka, J. Vilcakova, J. Havlica, J. Masilko, L. Kalina, J. Tkacz, V. Enev, M. 

Hajdúchová, Journal of Physical and Chemistry of Solids, 107, 150(2017), DOI: 
10.1016/j.jcis.2018.05.051 

11. P. Laokul, V. Amornkitbamrung, S. Seraphin, S. Maensiri, Current Applied Physics, 11, 101(2011), 
DOI: 10.1016/j.cap.2010.06.027 

12. G.M. Srirangam, K.P. Rao, Rasayan J. Chem, 10(1), 46(2017), DOI:10.7324/RJC.2017.1011548 
13. R. Yuvakkumar, J. Suresh, S.I. Hong, Advanced Materials Research, 952, 137(2014), DOI: 

10.1016/j.matlet.2014.04.112 



 
  Vol. 12 | No. 4 |1942 - 1949| October - December | 2019 

1949 
GREEN SYNTHESIS OF NiFe2O4 SPINEL FERRITES                                                                                                                    Rahmayeni et al. 

14. Y. Zheng, L. Fu, F. Han, A. Wang, W. Cai, J. Yu, J. Yang, F. Peng, Green Chemistry Letters And 
Reviews, 8 (2), 59(2015), DOI: 10.1080/17518253.2015.1075069 

15. M. Gopalakrishnan, A. Sheenu, B. Varghese, J. Dharani, S. Saranya, Rasayan J. Chem, 12(3), 
107(2019), DOI:10.31788/RJC.2019.1235136   

16. M. Ramesh, M. Anbuvannan, G. Viruthagiri, Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 136, 864(2015), DOI: 10.1016/j.saa.2014.09.105 

17. T. Bhuyan, K. Mishra, M. Khanuja, R. Prasad, Materials Science in Semiconductor Processing, 32, 
55(2015), DOI: 10.1016/j.mssp.2014.12.053 

18. R.S. Devi and R. Gayathri, International Journal of Current Engineering and Technology, 4(4), 
2444(2014). 

19. A. Reveendran, S. Varghese, K. Viswantahan, IOSR Journal of Applied Physic, 8, 35(2016).  
20. K. Kombaiah, J.J. Vijaya, L.J. Kennedy, M. Bououdina, Ceramics International, 1(2015), DOI: 

10.1016/j.ijleo.2017.01.066 
21. Rahmayeni, A. Devi, Y. Stiadi, N. Jamarun, Emriadi, S. Arief, Journal of Chemical and 

Pharmaceutical Research, 7(9S), 139(2015).  
22. F.C. Nalle, R. Wahid, I.O. Wulandari, A. Sabarudin, Rasayan J. Chem, 12(1), 14(2019), DOI: 

10.31788/RJC.2019.1214082  
23. D. Gingasu, I. Mindru, O.C. Mocioiu, S. Preda, N. Stanica, L. Patron, A. Ianculescu, O. Oprea, S. 

Nita,  I. Paraschiv, M. Popa, C. Saviuc, C. Bleotu, MC. Chifiriuc, Materials Chemistry And Physics, 
1(2016), DOI: 10.1016/j.matchemphys. 2016.07.026 

24. R.S. Melo, Journal of Magnetism and Magnetic Materials, 381, 109(2015), DOI: 
10.1016/j.jmmm.2014.12.040  

25. R. Lamba, A. Umar, S.K. Mehta, S.K. Kansal, Journal of Alloys and Compounds, 620, 67(2015), 
DOI: 10.1016/j.jallcom.2014.09.101 

26. Rahmayeni, Zulhadjri, N. Jamarun, Emriadi, S. Arief, Oriental Journal of Chemistry, 32(3), 
1411(2016), DOI: 10.13005/ojc/320315 

27. Q.C. Sun, H. Sims, D. Mazumdar, J.X. Ma, B.S. Holinsworth, B 86, 205106-1(2012), DOI: 
10.1016/j.pnsc.2012.11.008 

28. E. Casbeer, V.K. Sharma, X.Z. Li, Separation and Purification Technology, 87, 1(2012), DOI: 
10.1016/j.seppur.2011.11.034 

[RJC-5304/2019] 
 

 
 

 
 
 


