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ABSTRACT

In this paper, the existence of both compressive stress and charge transfer

process in hydrothermally synthesized cobalt ferrite–graphene oxide (CoFe2O4/

GO) nanocomposites has been established. Transmission electron microscopy

results reveal the decoration of CoFe2O4 nanoparticles on GO sheets. Magnetic

response of nanocomposites was confirmed from superconducting quantum

interference device magnetometer measurement. Optical properties of these

nanocomposites were investigated by Raman spectroscopy. The interfacial

compressive stress involved in this system has been evaluated from observed

blue shift of characteristic G peak of graphene oxide. Increase in the full-width

half-maximum value as well as upshift in D and G peaks is clear indications of

involvement of charge transfer process between GO sheets and dispersed

magnetic nanoparticles. The effect of charge transfer process is quantified in

terms of shifting of Fermi energy level of these nanocomposites. This is evalu-

ated from variation in contact surface potential difference using scanning Kelvin

probe microscopy. XRD spectra of CoFe2O4/GO confirm the polycrystalline

nature of CoFe2O4 nanoparticles. Lattice strain estimated from XRD peaks is

correlated with the observed Raman shift.

Introduction

Graphene oxide (GO), a derivative of graphene, is an

excellent two-dimensional (2D) flat sheet of hexago-

nally bonded sp2 hybrid carbon atoms on which

oxygen functional groups (such as hydroxyl, epoxide,

carboxyl, carbonyl and hydroxyl groups) are cova-

lently linked on their basal planes [1–6]. These func-

tional groups attached to the negatively charged GO

sheets can act as host for the positively charged ions

of nanoparticles (NPs) leading to the formation of

nanocomposites. These nanocomposites exhibit

unique properties as compared to individual com-

ponents and therefore find a wide range of applica-

tions in surface-enhanced Raman scattering, sensors,

catalysis and optoelectronic devices [7–10].

Nanocomposites synthesized by hydrothermal route

are found to be in the form of dispersion of nucleated

nanoparticles on GO sheets. It is a well known fact

that magnetic nanoparticles (MNPs) have potential
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applications in the field of energy storage devices,

MRI and magnetic field-driven drug delivery [11, 12].

Particularly, cobalt ferrite (CoFe2O4) NPs have found

lots of applications in the field of catalysis and

magnetism-based nanodevices due to their remark-

able chemical and mechanical stability, magnetic

behavior, low toxicity and biocompatibility in phys-

iological environments [13–15]. However, pristine

CoFe2O4 NPs suffers from irreversible aggregation

and settling due to strong dipole–dipole interaction

which can be overcome by employing viscoelastic

carrier or surfactant. In this regard, two-dimensional

(2D) planar structures like GO sheets are expected to

solve this sedimentation problem by acting as a car-

rier which enhances the properties of CoFe2O4 NPs in

nanocomposites form and expands its application

possibilities with higher efficiencies in various fields

like anode materials for Li-ion battery, electrochemi-

cal, photocatalysts, sensors, drug delivery, etc.

[16–22].

In past few years, many groups have synthesized

CoFe2O4/GO nanocomposites and investigated their

application possibilities in various fields [17–22].

However, studies on surface electronic, interfacial

stress and charge transfer phenomenon of these

materials are still unexplored. To the best of our

knowledge, this is the first report which emphasizes

on the existence of charge transfer as well as com-

pressive stress in CoFe2O4/GO magnetic nanocom-

posites which are confirmed from Raman

spectroscopy, XRD and scanning Kelvin probe

microscopy measurements. The surface electronic

property, particularly shifting of Fermi surface, is

monitored using scanning Kelvin probe microscopy,

where it is measured in terms of variation in the

contact surface potential difference (CPD). The mor-

phology and structure of nanocomposites were

examined using scanning electron microscopy and

transmission electron microscopy. Their magnetic

response was studied using superconducting quan-

tum interference device (SQUID).

Experimental methods

Materials

Graphite flakes (99.8%, 325 mesh) were purchased

from Alfa Aesar. Hydrazine hydrate (N2H4) and

sulfuric acid (H2SO4, 95%) were procured from

Sigma-Aldrich. Potassium permanganate (KMnO4),

sodium nitrate, (NaNO3) hydrogen peroxide (H2O2),

ethanol, hydrochloric acid (HCl), cobalt (II) nitrate

hexahydrate [Co(NO3)2�6H2O], iron (III) nitrate non-

ahydrate [Fe(NO3)3�9H2O], ammonium hydroxide

(NH4OH) and double distilled water were purchased

from Merck. All the chemicals have been used for

experiment without further purification.

Synthesis of graphene oxide sheets

Graphene oxide (GO) was synthesized from graphite

flakes using modified Hummers’ method [23].

Synthesis of CoFe2O4/GO nanocomposite

In the first step, graphene oxide (GO) was synthe-

sized from graphite flakes using modified Hummers’

method [23]. Graphene oxide-based cobalt ferrite

nanocomposites (CoFe2O4/GO) were prepared by

the hydrothermal method using cobalt (II) nitrate

hexahydrate [Co(NO3)2�6H2O], iron(III) nitrate non-

ahydrate [Fe(NO3)3�9H2O] [16]. For this purpose,

firstly 0.25 g of graphene oxide powder was added in

80 mL of ethanol and completely dispersed by

ultrasonication for 60 min. In the second step, 0.3 g of

Co(NO3)2�6H2O and 0.9 g of Fe(NO3)3�9H2O were

dissolved in 50 mL of ethanol followed by stirring for

3 h. The solution was mixed dropwise into the GO

suspension with continuous stirring for 5 h. After

that, 4.3 g of sodium acetate (CH3COONa) was

added into the mixture under continuous stirring.

After agitation for 8 h, the mixture solution was

transferred to a Teflon-line autoclave. The autoclave

was heated under oven at 200 �C for 24 h and then

cooled down to room temperature. The solid product

was separated by centrifugation and washed thor-

oughly with water and absolute ethanol to remove

impurities. Finally, the product was dried in an oven

at 50 �C for a 12 h. The final product was labeled as

graphene oxide-based cobalt ferrite nanocomposites

(CoFe2O4/GO). The steps involved during synthesis

process of CoFe2O4/GO nanocomposites are

schematically illustrated in Fig. 1.

Characterization

The surface morphology of GO and CoFe2O4/GO

was investigated by scanning electron microscopy

(SEM) (Zeiss EVO-40, working voltage 20 kV,
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Germany). The elemental identification of CoFe2O4/

GO nanocomposites was confirmed from energy-

dispersive X-ray analysis (EDAX). EDAX measure-

ment was carried out using a (Zeiss EVO ED15)

microscope coupled with an (Oxford-X-MaxN) EDX

detector. The magnetic properties of the nanocom-

posites were investigated at room temperature using

a Quantum Design MPMS-7 SQUID magnetometer.

From the magnetization versus applied field plot (M–

H), the saturation magnetization (Ms), coercivity (Hc)

and remanence magnetization (Mr) were determined.

For structural analysis, transmission electron

microscopy study was carried out by 200 kV TEM

(JEOL 2100F, Japan). X-ray diffraction (XRD) spectra

of CoFe2O4/GO nanocomposites samples were

recorded using an X-ray diffractometer (PANalytical

2550-PC X-ray diffractometer). XRD data were col-

lected using CuKa (k = 0.154 nm) radiation with 2h
ranging from 10� to 70� at scanning rate 3� min-1.

Optical properties of GO and CoFe2O4/GO

nanocomposites were investigated using Raman

spectroscopy (HORIBA Xplora) having green laser

(k = 514 nm) excitation with a laser spot size 1 lm.

The effect of CoFe2O4 nanoparticles decoration on the

Figure 1 Schematic

representation of steps

involved in the synthesis of

CoFe2O4/GO nanocomposites.
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Fermi energy level of GO sheets was monitored by

scanning Kelvin probe microscopy (SKPM, KP

Technology, UK).

Results and discussion

SEM and EDAX studies

SEM image and EDAX spectra analysis of GO and

CoFe2O4/GO nanocomposites thin films were carried

out for observation of the surface morphology and

identification of the elements present in the GO and

CoFe2O4/GO nanocomposites as shown in Fig. 2. In

the SEM image of GO, crumpled sheets like struc-

tures are observed which are common for graphene

or graphene oxide when deposited on a substrate

[24]. On the other hand, in the case of CoFe2O4/GO

nanocomposites, well-dispersed CoFe2O4 nanoparti-

cles on GO sheet are found.

EDAX spectrum of GO sheets confirms the pres-

ence of C, O and Si elements, and that of CoFe2O4/

GO nanocomposites indicates the prominent pres-

ence of C, O, Co, Fe and Si elements. Additional Si

peak arising in both the cases is from the silicon

substrate. The peaks in the EDAX pattern were

assigned to the elements present in CoFe2O4/GO

composites EDAX spectra of GO and CoFe2O4/GO

nanocomposites clearly signify the high purity in

chemical composition of CoFe2O4/GO

nanocomposites.

SQUID measurement

Magnetic properties of the nanocomposites were

investigated using a SQUID. The M–H loop for the

CoFe2O4/GO nanocomposites at 300 K (room tem-

perature) is shown in Fig. 3a. At room temperature,

the value of saturation magnetization ‘Ms’ comes out

to be 75.37 emu/g which is lower than that of cor-

responding pure bulk CoFe2O4 (94 emu/g). The

remanence magnitude ‘Mr’ extracted from the hys-

teresis loop at the intersections of the loop (shown in

the inset of Fig. 3a) with the vertical magnetization

axis is found to be 20.05 emu/g. The coercivity Hc

obtained from hysteresis loop is 0.41 kOe for as-pre-

pared CoFe2O4/GO nanocomposites [25, 26] which is

quite low, thus indicating its soft magnetic nature.

The steep rise of M–H loop indicates the superpara-

magnetic behavior of these CoFe2O4/GO nanocom-

posites having small remnant magnetization and

coercivity. Superparamagnetism behavior of these

Figure 2 SEM images of

a GO, b CoFe2O4/GO

nanocomposites and EDAX

spectrum of c GO and

d CoFe2O4/GO

nanocomposites.
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nanocomposites eliminates the possibility of mag-

netic clustering with negligible magnetic interactions,

thus opening up many possibilities of applications of

these nanocomposites in the field of sensors, Li-ion

battery, photocatalysts, etc.

Further, the presence of superparamagnetic parti-

cles was also examined using zero-field-cooling

(ZFC) and field-cooling (FC) measurements with an

applied magnetic field of 100 Oe. The magnetic sus-

ceptibility (v) versus temperature plot for CoFe2O4/

GO nanocomposites is shown in Fig. 3b. For the zero-

field-cooled (ZFC) case, the sample was cooled from

300 K to 2 K and then a magnetic field (H = 100 Oe)

was turned on for magnetization (M) measurements

with increasing temperature after ensuring stabiliza-

tion at each temperature. Upon reaching 300 K, the

data were similarly collected with decreasing tem-

perature (FC mode) keeping the same applied field. It

is clear that FC and ZFC curves show divergence at

around 300 K which can be considered as the block-

ing temperature (Tb) above which it is superparam-

agnetic in nature [27, 28]. The magnetic moments

follow the direction of the applied magnetic field

resulting in low remanence and low coercivity

which are the characteristic features of super-

paramagnetism.

TEM studies

Microstructure analysis of these composites was

carried out using TEM for which in the first step,

ethanol-based solutions of GO and CoFe2O4/GO

were placed on carbon-coated copper grids followed

by drying at room temperature. TEM images of GO

and CoFe2O4/GO nanocomposites are shown in

Fig. 4a, b, respectively. Figure 4a corresponds to the

appearance of thin and wrinkled transparent GO

sheets. It is consistent with our observation from the

SEM analysis confirming the layer morphology of

graphene oxide. Figure 4b exhibits well dispersion of

CoFe2O4 NPs on GO sheets. The sheet-like corru-

gated morphology of GO is also well preserved in

CoFe2O4/GO nanocomposites, and CoFe2O4 NPs are

dispersed on GO sheet. This type of nucleation of

magnetic nanoparticles on GO sheets is expected

from hydrothermal synthesis. The nanoparticles are

evenly distributed on the GO sheets without signifi-

cant agglomeration. The average particles size of

CoFe2O4 nanoparticles in CoFe2O4/GO nanocom-

posites is about 18 ± 2 nm. The line spacing in

crystalline (311) plane of CoFe2O4 is found to be

0.24 nm from high-resolution TEM (HRTEM) image

(Fig. 4c) The selected area electron diffraction (SAED)

pattern of CoFe2O4/GO nanocomposites is shown in

Fig. 4d, where the diffraction rings corresponding to

the planes (111), (220) and (311) of CoFe2O4 as well as

a diffraction pattern corresponding to hexagonally

arranged carbon atoms in GO sheets are observed.

XRD measurement

CoFe2O4/GO nanocomposites thin films were char-

acterized by XRD (PANalytical 2550-PC X-ray

diffractometer) setup using CuKa radiation

(k = 0.154 nm). The data were collected between

scattering angles (2h) from 10� to 70� at scanning rate

3� min-1. The crystalline nature of CoFe2O4/GO

nanocomposites was confirmed from its X-ray

diffraction (XRD) spectra as shown in Fig. 5a.

The XRD spectrum of CoFe2O4/GO nanocomposites

exhibits polycrystalline nature of CoFe2O4 NPs having

a characteristic peak at 2h = 35.6� in addition to other

peaks of CoFe2O4 appearing at 2h = 18.7� (111), 30.1�
(220), 35.6� (311), 43.2� (400), 54.1� (422), 57.3� (511) and

Figure 3 a Hysteresis loop

(M–H) of CoFe2O4/GO

nanocomposites at room

temperature 300 K (inset

zoom M–H loop of CoFe2O4/

GO nanocomposites at

300 K). b The plot of v versus

T of zero-field cooling (ZFC)

and field cooling (FC) for

CoFe2O4/GO nanocomposites.
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62.9� (440) (JCPDS no. 75-0033). Nucleation of CoFe2O4

nanoparticles is expected to induce strain in GO sheets.

For calculation of the crystalline sizes and lattice strain

in the nanocomposites, Williamson–Hall (W–H) peak-

broadening analysis was used assuming peak widths

as a function of 2h.

The strain induced in powder due to crystal

imperfection and distortion is calculated using the

formula

Dn=n ¼ b
tan h

ð1Þ

where b is full-width half-maximum (FWHM) of

diffraction peak (in radian), h is Bragg’s diffraction

angle (in degree), and Dn/n is lattice strain. The

crystallite size was calculated from the X-ray

diffraction spectra using Scherrer’s formula, where

the crystallite size is inversely related to b cosh.

Consider the fact that particle size and strain are

independent of each other having a Cauchy-like

form, which in combination are related to FWHM by

W–H equation as follows

b cos h ¼ Kk
D

þ Dn
n

sin h ð2Þ

where the termKk/D represents the Scherrer’s particle

size distribution [29, 30]. Figure 5b shows the W–H

plot for CoFe2O4/GO nanocomposites. A linear least-

square fitting (5% error) to b cos h versus sinh data plot

yields the value of average crystallite size (D) and lat-

tice strain (Dn/n) to be 17 nm and 0.003, respectively.

The crystallite size is in good agreement with the

observed size of crystallites from TEM measurement,

and lattice strain is expected to be compressive type

which will be discussed in forthcoming section.

Raman studies

In the present study, the Raman spectra of GO sheets

and CoFe2O4/GO nanocomposites are recorded by

using Raman spectrometer, and the spectra are

shown in Fig. 6. The main features in the Raman

spectra of graphene oxide sheets are D and G peaks

located at 1345 and 1587 cm-1, respectively. From

Figure 4 TEM images of a GO sheets, b CoFe2O4/GO nanocomposites, c HRTEM of CoFe2O4 nanoparticles lying on GO sheets and

d selected area diffraction pattern of CoFe2O4/GO nanocomposites.

7682 J Mater Sci (2017) 52:7677–7687



Fig. 6, it is observed that there is a decrease in the

intensity of D and G peaks of GO after decoration of

CoFe2O4 nanoparticles on GO. This is due to decrease

in the exposure area of GO sheets in CoFe2O4/GO

nanocomposites to excitation light in Raman mea-

surement. This was confirmed from SEM and TEM

measurements. G band is attributed to the Brillouin

zone-centered LO and iTO phonon mode. D band is

attributed to the double-resonance excitation of

phonons close to the K point scattering due to defects

on iTO (E2g) phonon in the Brillouin zone [28].

The Raman spectrum of CoFe2O4/GO nanocom-

posites shows a distinct broadening of the D and G

peaks of GO sheets from a full-width half-maximum

(FWHM) of 122–165 and 69–77 cm-1, respectively,

which is due to lattice strain stemming from the

interaction between GO sheets and CoFe2O4 mag-

netic nanoparticles [31, 32]. The Raman spectrum of

CoFe2O4/GO nanocomposites shows an upshift in

Raman peaks position of D and G peaks as compared

to GO sheets. The D peak is shifted from 1345 to

1354 cm-1, while the G peak is shifted from 1587 to

1595 cm-1 (Fig. 6). This is unlike to the reported

observation of red shift in case of graphene oxide-

based polymer nanocomposites [33].

The observed shift in Raman spectrum of graphene

oxide is similar to that found in graphene when

subjected to lattice strain. Strain can be due to stretch

in carbon–carbon bond or symmetry breaking or

anisotropy in the lattice [34]. Also, residual stresses

arising from differential contraction of the GO and

magnetic material during drying period could have

contributed to the blue shift in Raman peak [35]. The

direction of shift in Raman G peak is dependent on

the nature of strain. Blue shift in G peak can be

assigned to interfacial compressive strain. The local

strain can be explained in terms of a schematic/mo-

del to understand the observed blue shift of the

Raman D and G peaks in CoFe2O4/GO (Fig. 7). The

schematic shown in Fig. 7 is a depiction of TEM

images where nanocomposites of CoFe2O4/GO are in

the form of decoration of CoFe2O4 nanoparticles on

GO sheets. Lattice mismatch and disorder are

expected to produce compressive stress on few layers

of graphene oxide resulting in close packing of sur-

face atoms which could have led to the scattering at

higher vibrational wavenumber.

In Raman spectra, significant blue shift observed in

D and G peaks may be attributed to simultaneous

contribution from interfacial stress as well as from

charge transfer process. Compressive strain involved

in these van der Waal systems could have arisen from

lattice mismatch between CoFe2O4 nanocrystallites

and GO flakes resulting in upshift in G peak. The role

of defects introduced during synthesis of CoF2O4/

GO nanocomposites also cannot be ruled out. The

existence of strain is also confirmed by XRD studies

Figure 5 a XRD spectrum

(inset showing XRD peak of

GO) and b Williamson–Hall

plot (linearly fitted b cosh
versus sinh data) for CoFe2O4/

GO nanocomposites.

Figure 6 Raman spectra of GO sheets and CoFe2O4/GO

nanocomposites.
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as shown in Fig. 5b. In our previous studies, similar

type of blue shift in Raman E2g phonon is observed in

the case of Fe3O4/GO nanocomposites. [36]

For a hexagonal system like graphene oxide, the

strain can be expressed in terms of interfacial stress

(r) as

xr � x0 ¼ ar ð3Þ

where a = A (S11 ? S12)/x0 is the stress coefficient

for Raman shift and r is the compressive stress. A

is a constant, and S11 and S12 are graphite elastic

constants having values as A = -1.44 9 10-7 cm-2,

S11 = 0.98 9 10-12 Pa-1, S12 = -0.16 9 10-12 Pa-1,

respectively [37]. xr and x0 are frequencies of

Raman E2g phonon under stressed and unstressed

conditions, respectively. Using these constants, in

Eq. (3), Raman shift of 8 cm-1 in G peak of

CoFe2O4/GO corresponds to the stress coefficient

(a) and compressive stress (r) to be 7.46 cm-1 and

1.07 GPa, respectively. We suggest that this stress

might have arisen due to lattice mismatch as well

as increase in defect concentration. The amount of

defects present in the sample can be quantified by

measuring the ratio (ID/IG) of the D and G bands.

The value of ID/IG for GO sheets and CoFe2O4/GO

nanocomposites is found to be 1.11–1.30, respec-

tively. The increased value of ID/IG for CoFe2O4/

GO nanocomposites as compared with GO sheets

indicates the increase in disorder in GO sheets

resulting from the incorporation of CoFe2O4 mag-

netic nanoparticles. The inter-distance (LD) between

Raman active defects is estimated using Tuinstra–

Koenig relation [38, 39].

ID
IG

¼ C kð Þ
LD

where C (k) = (2.4 9 10-10 nm-3), k4 is a constant,

and in this case k = 514 nm, i.e., the excitation

wavelength. The inter-defect distance of GO and

CoFe2O4/GO nanocomposites is calculated to be 15

and 13 nm, respectively. With LD[ 10 nm, one can

expect the variation in ID/IG ratio is due to scattered

Raman active defects only. The defect density ‘nD’ is

calculated using the relation [40].

nD cm�1
� �

¼ 1014= pL2
D

and is found to be 1.88 9 1025/cm2 for nanocom-

posites, thus indicating a 30% increase in point

defects in GO due to nucleation of CoFe2O4

nanocrystallites on it.

The observed blue shift in the D and G Raman

peaks and increase in FWHM confirm the occurrence

of charge transfer between the GO sheets and

CoFe2O4 NPs. The study of charge transfer interac-

tions of graphene with various electron donors and

acceptors is reported in the literature [19, 20]. Charge

transfer studies in CoFe2O4/GO and particularly its

correlation with surface electronic behavior have not

been reported till date. In this report, observed blue

shift in G peak of GO is attributed to the situation

where electron donor nanoparticles get adsorbed.

The charge transfer in these nanocomposites also has

some effect on Fermi energy level of the material

which was quantified from scanning Kelvin probe

studies.

Scanning Kelvin probe studies

The scanning Kelvin probe microscopy was used to

study the surface potential and Fermi energy level of

GO and CoFe2O4/GO nanocomposites. In graphene

oxide, Fermi level lies at Dirac point similar to that in

graphene. But, in the case of CoFe2O4/GO

nanocomposites where MNPs are spread over GO

sheets, the Fermi level of GO is expected to be

changed noticeably by the charge transfer between

GO and CoFe2O4 NPs. Fermi energy level of any

material is related to its work function (WF) by the

equation.

Usample ¼ vs þ EC � EFð Þ ð4Þ

where vs is the electron affinity of the sample and EC

and EF are the conduction band energy and Fermi

Figure 7 Schematic illustration of interfacial compressive stress

involved in CoFe2O4/GO nanocomposites.
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energy of the material, respectively [41]. Estimation

of Fermi level shifting is carried out in terms of work

function using scanning Kelvin probe microscopy

(SKPM) setup. The WF value of the GO sheets is

measured in terms of surface potential or contact

potential difference (CPD) between GO and the ref-

erence Au tip (WF = 5.1 eV). The CPD mappings of

GO and CoFe2O4/GO nanocomposites are shown in

Fig. 8. Average value of CPD is given by

VCPD ¼ 1

e
Utip � Usample

� �
ð5Þ

where Utip and Usample are the work functions of tip

and sample surface, respectively, and ‘e’ is the ele-

mentary charge on an electron [42, 43].

The measured average CPD value of GO sheet is

found to be 514 mV which corresponds to WF of

4.6 eV. In the case of CoFe2O4/GO nanocomposites,

obtained average CPD is -610 mV. For simplicity in

plotting, the absolute value of CPD has been taken

into account as shown in Fig. 8b. The change in

contact surface potential must have emancipated

from charge transfer between GO and CoFe2O4.

Using Eq. 5, the average work function of CoFe2O4/

GO nanocomposites is found to be 5.7 eV. The sig-

nificant change in the work function value of GO

after decoration of CoFe2O4 nanoparticles confirms

the shifting of Fermi energy level toward valence

band as shown in Fig. 8c. This shifting is due to

electron transfer from GO to CoFe2O4 which is also

envisaged from changes in Raman spectra.

Conclusion

Dispersion of CoFe2O4 nanoparticles on GO sheets

involves interfacial compressive stress as well as

charge transfer between host GO sheets and CoFe2O4

magnetic nanoparticles. The superparamagnetic

behavior of these nanocomposites is confirmed from

its high value of magnetic saturation with Ms

(75.37 emu/g) and low coercivity value with Hc

(0.41 kOe), thus indicating soft magnetic nature of

CoFe2O4/GO nanocomposites. Charge transfer pro-

cess induces a blue shift in E2g phonon as well as an

increase in FWHM of Raman spectra of GO sheets.

Compressive strain calculated from XRD peak is

related to the observed blue shift in Raman peak.

Point defects generated in these nanocomposites are

of the order of 1025/cm2 which play an important role

for generation of interfacial compressive stress as

well as charge transfer process. The effect of charge

transfer is quantified in terms of changes in surface

potential of GO, leading to a shift in Fermi surface

toward valence band.

Figure 8 CPD mapping of

a GO and b CoFe2O4/GO and

c shifting of Fermi level in

nanocomposites.
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