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Abstract
Co0.7Zn0.3Fe2O4 nanorods were synthesized from hydrazine precursor by co-pre-

cipitation technique. Infrared and thermogravimetric–differential thermogravimetric

curves of the precursor indicated the bridging bidentate nature of hydrazine and

three-step thermal decomposition. The as-synthesized cobalt zinc ferrite nanorods

were characterized by powder X-ray diffraction, scanning electron microscopy,

energy dispersive spectroscopy, transmission electron microscopy, vibrating sample

magnetometry and UV–diffuse reflection spectroscopy which proposed the phase

structure, morphology, magnetic and optical properties. Co0.7Zn0.3Fe2O4 nanorods

showed a sensible photocatalytic activity on Congo red, Malachite green, Methylene

blue, Methyl red, Rhodamine B and Rose bengal under solar light at different time

intervals and were magnetically separated.
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Introduction

Cobalt zinc ferrites have been widely investigated due to their specific electrical [1],

optical [2] and magnetic [3, 4] properties. They are gaining attraction because of

their applications in microwave absorption [5], sensors [6], magnetic resonance

imaging [7] and drug delivery. To date, several methods have been developed to

synthesize cobalt zinc ferrites, such as combustion method [8], co-precipitation

method [9], microwave combustion method [10], sol–gel auto-combustion method

[2], microwave hydrothermal route [11], solution combustion method [12] and

modified citrate gel method [13]. Above all, the co-precipitation method is a
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versatile approach because it is inexpensive and does not require harsh experimental

conditions.

Nowadays, the presence of organic dyes in water bodies is cited as one of the

critical global problems due to industrialization [14–16]. Because of that, much

attention has been paid by researchers to develop various novel technologies for

water purification [17, 18]. Among those, photocatalytic degradation of synthetic

dyes using nanocatalyst is an effective technique [19]. Meanwhile, ferrites are also

effective in the degradation of many potential organic contaminants [20–26].

Hitherto, the photodegradation of organic dyes using cobalt zinc ferrite nanopar-

ticles have been scarcely reported [20, 27].

Since utilization of solar energy is an ideal pathway for this purpose [28, 29], our

present study is focused on the photocatalysis of cobalt zinc ferrite nanoparticles

under solar light synthesized from the hydrazinated precursor [30] by co-

precipitation technique. The photocatalytic activity of as-said nanoparticle is

analyzed for the degradation of Congo red (CR), Malachite green (MG), Methylene

blue (MB), Methyl red (MR), Rhodamine B (RhB) and Rose bengal (RB) in

aqueous solution at different time intervals under bright solar light.

Experimental

Materials

All of the chemical reagents were purchased from Merck, India, in analytical

reagent (AR) grade and used without further purification. Distilled water was used

for all of the solutions. The following reagents were used: 2,4-dichlorophenoxy-

acetic acid, hydrazine hydrate (99%), iron sulfate heptahydrate, cobalt nitrate

hexahydrate, zinc nitrate hexahydrate, ethanol, diethylether, concentrated

hydrochloric acid, carbontetrachloride, CR, MG, MB, MR, RhB and RB.

Synthesis of Co0.7Zn0.3Fe2O4 nanorods

Co0.7Zn0.3Fe2O4 nanorods were prepared from the inorganic precursor through co-

precipitation technique by the addition of an aqueous solution (50 ml) of hydrazine

hydrate (0.0199 mol) and 2,4-dichlorophenoxyacetic acid (0.01 mol) to the

corresponding aqueous solution (50 ml) containing ferrous sulphate heptahydrate

(0.01 mol), cobalt nitrate hexahydrate (0.0061 mol) and zinc nitrate hexahydrate

(0.0012 mol). The mixed solutions were stirred magnetically for half an hour. The

formed yellow precipitate was filtered and washed with water, alcohol, diethylether

and air-dried. This precursor was thermally decomposed in air for 1 hour which led

to the formation of Co0.7Zn0.3Fe2O4 nanorods.

Characterization

Infrared (IR) spectra were recorded by the KBr disk technique using a Shimadzu

spectrophotometer. Simultaneous thermogravimetry–differential thermogravimetry
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analysis (TG–DTA) was carried out in air using a Universal V4.5A instrument.

Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS)

images were performed on a HITACHI Model S-3000H. X-ray diffraction (XRD)

patterns were recorded using an X-ray diffractometer (X’pert PRO model) using Cu-

Ka radiation, at 40 keV in the 2-h range of 20–90�. Transmission electron

microscopy (TEM) micrographs were collected on a Joel/JEM 2100 instrument. The

UV–diffuse reflectance spectrum (UV–DRS) was operated on a Shimadzu UV–DRS

spectrophotometer. The room-temperature magnetic parameter measurement was

performed using a Lakeshore VSM 7410 magnetometer. The adsorption and

photocatalytic activity studies were carried out on a Shimadzu UV-2550 UV–Vis

spectrophotometer.

Photocatalytic test

The photocatalytic activity of Co0.7Zn0.3Fe2O4 nanorods was evaluated by the

degradation of CR, MG, MB, MR, RhB and RB under bright solar light. The

Co0.7Zn0.3Fe2O4 nanorods as a catalyst (200 mg) were added to a flask containing

100 ml of dye solutions with an initial concentration of 500 mg l-1 under magnetic

stirring for 1 hour in the dark to attain adsorption–desorption equilibrium. After that,

the suspensions were kept under solar light and the samples were collected at

different time intervals (0, 10, 20, 30, 40, 50 and 60 min). The concentrations of

dyes were determined at wavelengths of 496, 664, 615, 532, 550 and 554 nm for

CR, MB, MG, MR, RB and RhB, respectively.

Results and discussion

Characterization of the precursor

The hydrazine content (5.7%) in the precursor was determined by titration using

KIO3 as titrant, by volumetric analysis under Andrew’s condition [31]. The

percentages of cobalt (0.78%), zinc (0.34%) and iron (2.52%) in the precursor were

confirmed by EDS analysis (Fig. 1). From these data, the molecular stoichiometric

composition of the precursor was assigned as Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)4-

2N2H4 and confirmed by thermal analysis.

Figure 2 shows the infrared spectrum of the precursor. Three bands in the region

3255–3340 cm-1 are due to the N–H stretching frequency. The N–N stretching

frequency observed at 948 cm-1 confirmed the bidentate bridging nature of

hydrazine [32]. The separation of asymmetric and symmetric stretching frequency

of carboxylate found at 240 cm-1, which documented monodentate linkage [32] of

the carboxylate group. The band at 454 cm-1 indicated the presence of a metal/

oxygen bond [33].

TG–DTA curves of the precursor showed four steps of mass loss and

endothermic peaks (Fig. 3). A very small endothermic peak was observed as the

initial step. The mass loss of 5.74% corresponds to the elimination of two hydrazine

molecules with increase from room temperature to 180 �C. The strong endotherm

123

Photocatalysis of cobalt zinc ferrite nanorods under… 5943



observed in the region 180–310 �C is due to the beginning of decarboxylation with a

39.4% mass loss. In the region 310–580 �C, complete decarboxylation takes place.

Thus, the precursor Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)4�2N2H4 was thermally

decomposed in air to yield Co0.7Zn0.3Fe2O4 nanorods [34].

Characterization of Co0.7Zn0.3Fe2O4 nanorods

Figure 4 shows XRD pattern of Co0.7Zn0.3Fe2O4 nanorods. The characteristic peaks

coincide exactly with the JCPDS card nos. 73-1963 (ZnFe2O4) and 22-1086

Fig. 1 EDS spectra of Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)4�2N2H4

Fig. 2 IR spectra of Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)4�2N2H4
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(CoFe2O4). The sharp and intense XRD peaks revealed their nanocrystalline nature

[35] as confirmed by the selected area electron diffraction (SAED) pattern (Fig. 6d).

The average crystallite size of the nanorods calculated from Scherrer’s formula is

14 nm.

The IR spectrum of Co0.7Zn0.3Fe2O4 nanorods (Fig. 5) showed the characteristic

peaks of tetrahedral and octahedral Fe–O stretching bands at 530 and 420 cm-1,

respectively. The other characteristic bands of N–N and N–H stretching frequencies

Fig. 3 TG-DTA curve of Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)4�2N2H4

Fig. 4 XRD spectra of Co0.7Zn0.3Fe2O4 nanorods
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observed in the precursor (Fig. 2) had vanished. Thus, the formation of Co0.7Zn0.3-

Fe2O4 nanorods from the precursor was further confirmed.

Figure 6a presents an SEM image of Co0.7Zn0.3Fe2O4 nanorods. As seen in the

image, agglomeration in the particles exhibits irregular nanorod-like morphology

interconnected with each other. EDS spectra (Fig. 6b) confirmed that the nanorods

are mainly composed of Co, Zn, Fe and O. Figure 6c shows a TEM image of the

nanorods, indicating a particle size of around 20 nm, which closely matched the size

calculated by Scherrer’s equation. The SAED pattern (Fig. 6d) exhibits spots

forming rings corresponding to (311), (400), (331), (440), (444) and (642) planes

indicated polycrystalline nature of the sample.

Figure 7 illustrates the room-temperature magnetic parameter measurement of

Co0.7Zn0.3Fe2O4 nanorods. A saturation magnetization (Ms) of 14.5 emu g-1,

remanent magnetization (Mr) of 2.2 emu g-1 and a coercivity (Hc) of 306.41 Oe

were observed. The hysteresis loop reveals that the soft magnetic nature and

excellent magnetic properties were maintained to some extent.

The UV–DRS of Co0.7Zn0.3Fe2O4 nanorods (Fig. 8) exhibits strong absorption

between 200 and 800 nm and an absorption edge at 418 nm. The optical band gap

(Eg) can be calculated as 2.9 eV. The low band gap energy and particle size were

the driving forces for acceptable photocatalytic activity of the nanorods under solar

light.

Fig. 5 IR spectra of Co0.7Zn0.3Fe2O4 nanorods
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Photocatalytic properties and adsorption kinetics

The photodegradation of dyes (CR, MB, MG, MR, RB and RhB) under bright solar

light using Co0.7Zn0.3Fe2O4 nanorod as a catalyst was evaluated. In the photocat-

alytic test, the reaction time differs with respect to dyes: 50 min (CR and MB),

40 min (MG, RhB and RB) and 30 min (MR). The photocatalytic degradation of

dyes was shown to follow the order: CR[RB[MB[MR[RhB[MG

(Fig. 9a). It can be clearly seen that 58% of CR and RB molecules in the solution

degraded after 40 min. The catalyst was separated by an external magnet for

recycling (Fig. 9b).

Figure 9c reveals the relationship between the time and the equilibrium

adsorption (qe) of various dyes on Co0.7Zn0.3Fe2O4 photocatalyst. Equation (1) is

used to calculate the equilibrium uptake:

Fig. 6 SEM image (a), EDS spectrum (b), TEM image (c) and SAED pattern (d) of Co0.7Zn0.3Fe2O4

nanorods
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Fig. 7 VSM hysteresis loop of Co0.7Zn0.3Fe2O4 nanorods

Fig. 8 UV–DRS spectrum of Co0.7Zn0.3Fe2O4 nanorods
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qe ¼
C0 � Ceð ÞV

W
ð1Þ

where qe is the amount of dye adsorbed by catalyst at equilibrium, C0 is the initial

concentration of the dye solution in mg l-1, Ce is the equilibrium concentration of

the dye solution in mg l-1, V is the volume of the solution in ml and W is the mass

of catalyst in milligrams taken for the experiments. It is obvious that there was

significant adsorption of RB and MB, while there was a moderate adsorption of

RhB, CR, MG and MR.

Equation (2) represents the adsorption kinetics as explained by a second-order

model:

Fig. 9 a Degradation efficiency of dyes. b Magnetic separation property of Co0.7Zn0.3Fe2O4

photocatalyst. c Adsorption capacity of dyes with time and d pseudo-second-order kinetic plots for the
removal of dyes on Co0.7Zn0.3Fe2O4 photocatalyst under solar light

123

Photocatalysis of cobalt zinc ferrite nanorods under… 5949



t

qt

¼ 1

k2qe2
þ t

qe

ð2Þ

where k2 is the rate constant for second-order adsorption (g mg-1 min-1), and qe

and k2 were determined from the slope and intercept of plot t/qt versus t (Fig. 9d)

for various dyes. The linear plot with correlation coefficient R2 concluded that the

pseudo-second-order adsorption model was suitable for fitting the adsorption

kinetics.

Conclusion

A Co0.7Zn0.3Fe2O4 photocatalyst was synthesized by thermal decomposition

technique from its precursor Co0.7Zn0.3Fe2(C6H3Cl2OCH2COO)2�2N2H4. The

chemical formula was fixed by the data observed from EDS, IR and TG–DTA of

the precursor. The TG–DTA showed three-step decomposition which led to the

formation of Co0.7Zn0.3Fe2O4 photocatalyst. The sharp and intense XRD peaks

suggested a polycrystalline nature and the crystallite size calculated as 14 nm from

the Debye–Scherrer formula was confirmed by TEM. Nanorods with agglomeration

were observed in the SEM image while EDS showed the presence of the expected

elements. The soft magnetic nature of the photocatalyst was observed from the

VSM hysteresis loop. From the photodegradation of CR, MB, MG, MR, RB and

RhB, it can be concluded that Co0.7Zn0.3Fe2O4 nanorods are an efficient magnetic

photocatalyst and magnetically separable for the recycling process.
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