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A B S T R A C T

Herein, we synthesize MnFe2O4 nano−hollow spheres (NHSs) of average diameter 100 nm through a facile
template free solvothermal process and carry out a time dependent morphological study to investigate their
process of core excavation. Further, a surface engineering of as−synthesized MnFe2O4 NHSs has been executed
with organic disodium tartrate dihydrate ligand and interestingly, the surface modified MnFe2O4 NHSs are found
to capable of emerging multicolor fluorescence starting from blue, green to red. The magnetic measurements
through vibrating sample magnetometer demonstrate that room temperature superparamagnetic nature of
MnFe2O4 NHSs remains unaltered after surface modification. Moreover, functionalized MnFe2O4 NHSs are found
to exhibit excellent reusable photocatalytic efficiency in the degradation of cationic dye, methylene blue with
rate constant of 2.64×10−2 min.

1. Introduction

An ancient but fascinating MnFe2O4 is a mixed valance
(Mn+2−Fe+3) metal oxide with highest saturation magnetization
which facilitates many applications such as magnetic resonance con-
trast agents [1], magnetic drug targeting [2], sensing [3], catalysis [4],
and etc. MnFe2O4 strikingly differs from other ferrites, for example
CoFe2O4 and NiFe2O4 which are highly resistive in nature. The
electrical transport of cubic spinel type MnFe2O4 arises due to electron
transfer between Mn and Fe ions on octahedral sites (Mn+2+Fe+3↔
Mn+3+Fe+2) through Verway hopping [5], leading to its efficient
catalytic activity. Recently, nano−sized spinel hollow ferrites have
gained enormous attention among diversified morphologies such as
thin films, nanoflakes, nanowires because of their low density, high
effective surface area, large pore volume, and enhanced coercivity [6]
which raise their performance in hyperthermia, drug delivery, electro-
magnetic wave absorption, waste water treatment, and catalysis [7]
compared to their solid counterpart. A general strategy for the
convenient high yield synthesis of MnFe2O4 nano−hollow spheres
(NHSs) is either hard or soft template mediated approach where
microemulsion droplet, liquid drop, polymer micelle, and vesicle are
treated as soft templates [8] whereas polymeric microsphere and silica
sphere are commonly used as the hard ones [9]. However, template
mediated approach does not meet the criteria of biocompatibility and

nontoxicity for their application in biomedical field. One step self−-
templated solvothermal/hydrothermal synthesis of MnFe2O4 hollow
structures with narrow size distribution based on novel mechanism,
Ostwald ripening [10] is the best way to get rid of this problem. In
addition, solvothermal/hydrothermal approach is very powerful for
synthesizing nanostructures with high uniformity, well−controlled
morphology, size, and crystallization in a scalable and cost effective
way which is still absent in the extant literatures for fabricating
MnFe2O4NHSs.

For biological and environmental applications, it is essential to have
solubilised as well as well−dispersed magnetic particles in an aqueous
medium. Due to high reactivity and high saturation magnetization [11]
of magnetic nanostructures, it is very difficult to avoid their agglom-
eration which can be easily overcome through proper surface coating/
functionalization using organic/inorganic ligands. However, organic
surfactant molecules with long hydrophobic tail used for stabilizing and
individuating the nanoparticles (NPs) are insoluble in water, restricting
their biomedical applications [12]. In particular, silanization of mag-
netic NPs has shown great success in preventing direct contact between
the magnetic NPs and since the decoration of silica surface with
functional groups including thiol, amine, and carboxylate groups is
very easy, it in turn facilitates the solubility of these spheres in different
solvents [13]. Despite of intrinsic water solubility, inorganic SiO2

coating over magnetic NPs incorporates the properties like biocompat-
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ibility, non cytotoxicity, high stability in biological buffer, high
fluorescence activity, and photo stability in addition to controlled
transport property [14]. Therefore, designing of an appropriate surface
modification/functionalization strategy to obtain exact facilities like
SiO2 coating along with intrinsic water solubility is highly desirable to
expedite the diverse biological applicability of magnetic NHSs.

Herein, we report a solvothermal approach to fabricate MnFe2O4

NHSs of average diameter of 100 nm followed by their rational surface
modification through tartrate ligand which is an environmentally
benign, biocompatible, and highly soluble in water and are found
to exhibit many novel optical properties such as intrinsic fluorescence
and enhanced photocatalytic activities. We believe that highly lumi-
nescent biocompatible magnetic tartrate functionalized MnFe2O4

(T−MnFe2O4) NHSs can serve as luminescent markers and can broaden
novel application scopes in biolabelling, bioseparation, immunoassay,
target imaging, pathogenic detections in addition to drug encapsulation
within the nano−cavity of NHSs for drug delivery.

2. Experimental section

2.1. Materials

The salts such as MnCl2, 6H2O, FeCl3, 6H2O, and the capping
agent−oleylamine were purchased from Sigma Aldrich whereas the
solvents−ethylene glycol and ethanol, the base−urea were purchased
from Loba Chemie. Sodium hydroxide (NaOH) is obtained from Merck.
Methylene blue (MB), a cationic dye for photocatalysis is purchased
from Sigma Aldrich. All the reagents are of analytical grade.

2.2. Synthesis, formation mechanism, functionalization, and
characterization

In a typical synthesis of MnFe2O4 NHSs of average diameter 100 nm,
we have incorporated 0.30 g of MnCl2, 6H2O and 0.80 g of FeCl3, 6H2O
as salts into a 30ml solvent mixture of ethylene glycol and ethanol in
2:1 ratio and after that we have added 0.53 g of urea as base and 3ml of
oleylamine as capping agent in the mixture. Finally, the homogeneous
solution was transferred into a teflon lined autoclave and heated to
200°C for 24 h. The resultant black precipitation is obtained through
centrifugation followed by washing with alcohol thrice. The possible
chemical reactions for the synthesis of MnFe2O4 NHSs are proposed as
follows [15]:

CO(NH2)2→NH3+HCNO

NH3+H2O→NH4
++OH−

Mn+2 +2OH−→Mn(OH)2

Fe+3+ 3OH− ↔ FeOOH+H2O

Mn(OH)2+ 2FeOOH→MnFe2O4+2H2O+H+

During the reaction, urea decomposes into ammonia which is going
to produce a large number of hydroxyl groups at high temperature
through hydrolysis. These hydroxyl groups help in precipitating
manganese and ferric ions of the precursor salts into their correspond-
ing hydroxides in a form of colloid. Finally, the presence of both
manganese hydroxide and iron oxide hydroxide in the reaction mixture
enables to develop the phase of MnFe2O4. In order to evaluate the
process of core excavation of MnFe2O4 NHSs, we have conducted time
dependent synthesis of MnFe2O4 NHSs of average diameter of 100 nm
at various reaction times of 6, 12, 18, and 24 h. A series of transmission
electron micrographs of the resulting products, as shown in
Fig. 1(a)−(d) indicates the distinct changes in the size, surface, and
interior of the nanospheres with time. Initially, after a reaction time of
6 h, a nano−leaf like structure of primary Mn(OH)2 and FeOOH

nanocrystals with average length of 3 nm is observed as shown in
Fig. 1(a) due to their orchid trigonal and monoclinic crystal lattice
respectively. As the newly formed nano−leaf like structures are
extremely nano in size and thermodynamically unstable, they aggregate
all together to form a solid sphere of average diameter of 62 nm with
rough surface as shown in Fig. 1(b) during 6−12 h of interval in order
to reduce the surface energy. With a longer reaction time of 18 h, a
hollowing effect is noticed as shown in Fig. 1(c) and the solid sphere
starts to form porous sphere of smooth surface with average size of
approximately 90 nm. It is due to the volume reduction and hence
increase in density because of the transformation of Mn(OH)2 and
FeOOH with lower density to denser MnFe2O4. After 24 h of reaction
time, the distinct contrast between the margin and the interior of the
spheres with average size of 100 nm as shown in Fig. 1(d) confirms the
formation of NHSs with smooth surface. The underlying mechanism for
the hollowing effect is Ostwald ripening [10] which involves a gradual
outward migration of crystallites through a recrystallization process
and the capping agent, oleylamine restricts the growth of nanocrystals,
thus resulting the formation of NHSs of smaller diameter (∼100 nm).

A heat treatment at 500°C for 20min is carried out to the
as−prepared MnFe2O4 NHSs to remove the capping agent, oleylamine
completely followed by cyclomixing with 0.5 M disodium tartrate
dihydrate for 12 h at room temperature. Removal of oleylamine is
required because the presence of long hydrophobic chain in organic
surfactant molecules over the surface of NHSs makes the system
insoluble in water. The resulting mixture was centrifuged and the
collected supernatant was passed through a syringe filter of 0.22 µm
diameter to remove non−solubilised larger NHSs. The filtrate is termed
as tartrate functionalized MnFe2O4 (T−MnFe2O4) NHSs solution. Next,
the pH of the filtrate was adjusted from 7 to 12 by drop wise addition of
1M NaOH solution, and the resultant solution was heated at 70°C for
15 h under continuous stirring and the solution (fluorescence modified
T−MnFe2O4 NHSs) became highly luminescent which is used for our
studies.

The phase and morphology of the nanomaterials were characterized
by X−ray diffraction (Rigaku Miniflex II desktop) using Cu Kα
(λ=1.5418 Å) radiation, transmission electron microscope (TEM,
TECHNAI G2 SF20 ST) and scanning electron microscope (SEM, FEI
Quanta-200 Mark-2). A JASCO Fourier transformed infrared
(FTIR)−6300 spectrometer was used to confirm the attachment of
tartrate ligand with MnFe2O4 NHSs. For FTIR measurement, powdered
sample was mixed with KBr powder and pelletized. The background
correction was made by using a reference of KBr pellet. The room
temperature magnetic measurements of bare and functionalized
MnFe2O4 NHSs were performed in a Lake Shore vibrating sample
magnetometer (VSM) equipped with an electromagnet, capable of
generating a field of up to 1.6 T at 300 K. In order to measure the
UV−vis absorption of functionalized MnFe2O4NHSs and the degrada-
tion of MB in presence of T−MnFe2O4NHSs with spectroscopic preci-
sion, the spectra were recorded with a Shimadzu model UV−2600
spectrophotometer using a quartz cuvette of 1 cm path length. The
characteristic fluorescence excitation and emission spectra were re-
corded on a Jobin Yvon Model Fluoromax−3 fluorometer. The
comparative evaluation of photocatalytic performance of T−MnFe2O4

NHSs, MnFe2O4 NHSs, and bare tartrate for the degradation of aqueous
solution of MB was performed using 8W UV lamp of wavelength
253 nm. A mixture of MB and T−MnFe2O4 NHSs/tartrate solutions in
1:1 (4.6 μM each) ratio was continuously stirred in the dark for 30min
in a quartz cuvette, maintaining pH∼3. In case of solid MnFe2O4 NHSs,
it follows the same procedure with addition of 0.01 gm of MnFe2O4

NHSs in the same concentration of MB solution. After this period of
time, the UV light source was turned on and the cuvette was placed
∼2 cm apart from the light source. The absorbance of MB in the
reaction mixture was measured time to time by the UV−vis spectro-
photometer and the absorption peak at 663 nm was monitored to obtain
the photocatalytic degradation efficiency. We added the same amount



of MB (4.6 µM) to the solution after every cycle without further
addition of catalyst for recyclability test. Finally, to evaluate the
mechanism of MB degradation, we have carried out the UV−vis
absorption study of MB solution in presence of T−MnFe2O4 NHSs
under UV light of wavelength of 360 nm in addition to 253 nm as well
as normal day light condition.

3. Results and discussions

The XRD pattern of MnFe2O4 NHSs, as shown in Fig. 2 confirms
single phase, face centred cubic spinel structure (JCPDS card no.
10−0319) of MnFe2O4 and from the broadening of its Bragg reflection
peaks, the average crystallite size of MnFe2O4 NHSs is found to be
approximately 23 nm using Scherrer's Equation. Energy dispersive
X−ray (EDX) spectroscopic analysis as shown in inset of Fig. 2 confirms
the absence of elemental composition of the capping agent, oleylamine
which may play significant role in determining the solubility of
T−MnFe2O4NHSs in water.

Fig. 3(a) demonstrates the TEM image of MnFe2O4 NHSs which are
used for further surface modification in order to optical and catalytic
studies. The dark margin and bright centre contrast of each nanos-
tructure confirm the formation of NHSs. It is found that the particles are
spherical in shape with a narrow size distribution and the average
diameter is observed to be∼100 nm with shell thickness of the order of
7 nm. The structural property of an area selected by black rectangle of
single MnFe2O4 NHS (Fig. 3(a)) is characterized by using the high−-
resolution TEM (HRTEM) as shown in Fig. 3(b), illustrating highly
crystalline nature of the nanocrystals. The inter−planar distance is
estimated to be 2.51 Å, which is in good agreement with the {311}

planes of MnFe2O4. Fig. 3(c) shows the selected area electron diffrac-
tion (SAED) pattern of the same area of Fig. 3(a), indicating crystalline
nature of as−synthesized NHSs. The SEM image of T−MnFe2O4 NHSs
as presented in Fig. 3(d) confirm the attachment of tartrate ligand over
the NHS's surface where the arrow head points out the broken part of
the NHSs. The average diameter of T−MnFe2O4 NHSs is found to be of
the order of 90 nm. Fig. 3(e) shows the EDX of T−MnFe2O4 NHSs
having elemental compositions of Mn, Fe, O, C, and Na which confirm
the presence of both tartrate and MnFe2O4.

In order to get the direct evidence of ligand functionalization onto
the surface of NHSs, FTIR spectra (Fig. 4) of tartrate, MnFe2O4, and
T−MnFe2O4 NHSs have been carried out. The MnFe2O4 spectrum
shows characteristic peaks at 580 and 696 cm−1. The peak at 696 cm−1

is attributed to the stretching vibration mode of Mn–O for the
tetrahedrally coordinated metal ions and the band at 580 cm−1is
assigned to the same for octahedrally coordinated metal ions [16].
However, T−MnFe2O4 NHSs exhibit those peaks with lower intensity
probably because of high concentration of tartrate ligand. Pure tartrate
has five peaks at 1070 cm−1, 1128 cm−1 (arising due to C−OH
stretching frequency) [17], 1428 cm−1, 1629 cm−1 (attributing to the
symmetric and asymmetric stretching modes of COO−), and 3400 cm−1

(stretching vibrational mode of O−H bond) [18], which shift upon
functionalization, clearly confirming the binding of ligands with NHSs
surface.

Fig. 5 shows the room temperature magnetic hysteresis loop of bare
MnFe2O4 NHSs of average diameter of 100 nm whereas its inset exhibits
the same for T−MnFe2O4 NHSs. The coercivity (Hc) and the saturation
magnetization (Ms) of the parent MnFe2O4 NHSs are found to be 124 Oe
and 37. 96 emu/g respectively, indicating their ferrimagnetic nature.
Upon surface functionalization, their coercivity almost vanishes with
significantly decreased saturation and remanence magnetizations
which is a signature of superparamagnetic behaviour. Tartrate contains
two σ-donor, hydroxyl (–OH) groups and two π-donor, carboxyl (–COO-
) groups which indicate that ligand must donate electrons to the
transition metal ions of T-MnFe2O4 NHSs, leading to ligand to metal
charge transfer which is also observed from the photoluminescence
spectra as shown in Fig. 7. Therefore, the decrease in Ms for
T−MnFe2O4 NHSs is due to ligand to metal charge transfer (LMCT)
transitions which appreciably quench the unpaired spins of Mn+2 [19].
This reduction in Ms decreases the spin−orbit coupling which is related
to magnetocrystalline anisotropy energy (EA) by the relation,
EA=KVsin2θ, where K is the magnetocrystalline anisotropy constant
which depends on the strength of spin−orbit coupling, V is the volume
of a nanostructure, and θ is the angle between magnetization direction
and magnetic easy axis of a crystallite. Therefore, reduced spin−orbit
coupling results in a decrease in magnetocrystalline anisotropy and
hence Hc of the T−MnFe2O4 NHSs [20].

The surface electronic structure of nanomaterials changes signifi-
cantly upon surface functionalization with organic ligands. In order to
study the effect of surface functionalization, we have carried out
UV−vis absorption measurements of bare tartrate, MnFe2O4,

Fig. 1. Formation mechanism of MnFe2O4 NHSs with average diameter of 100 nm and its representative transmission electron micrographs in four intermediate steps: (a) 6 h, (b) 12 h, (c)
18 h, and (d) 24 h.

Fig. 2. (a) XRD pattern of MnFe2O4 hollow spheres of average diameter 100 nm. Inset
exhibits the EDX spectrum indicating the presence of Mn, Fe, and O of MnFe2O4.



T−MnFe2O4, and fluorescence (fl.) modified T−MnFe2O4 NHSs. The
comparative UV−vis absorption spectra as shown in Fig. 6 indicate that
there is a distinct absorption band ranging from 275−350 nm upon
surface functionalization of MnFe2O4 NHSs with tartrate ligand. Since
tartrate and MnFe2O4 NHSs do not exhibit any absorption in the
UV−vis region, the broad band in case of T−MnFe2O4 NHSs is due
to LMCT transition from highest occupied energy levels of tartrate to
the lowest unoccupied energy levels of surface metal ions (Mn+2 and
Fe+3) of MnFe2O4 NHSs [21]. To increase the intensity of the
absorption band of T−MnFe2O4 NHSs, it is further modified through
heat treatment at ∼70 °C for 15 h at pH∼12 and the broad band of
T−MnFe2O4 NHSs is found to split along with enhanced intensity in
case of fl. modified T−MnFe2O4 NHSs solution. Generation of two

absorption bands at around 295 and 334 nm are possibly due to
enhanced interaction of the functional groups of tartrate at higher pH.

Upon getting knowledge about the UV−vis spectra of fl. modified
T−MnFe2O4 NHSs solution, we have carried out their excitation and
emission studies as depicted in Fig. 7(a) and (b). Fig. 7(a) shows the
normalized emission spectra of fl. modified T−MnFe2O4 NHSs solution
at 412, 492, 522, and 568 nm against excitation at four different
wavelengths at 324, 395, 447, and 480 nm respectively whereas
Fig. 7(b) exhibits the normalized excitation spectra of the same solution
at different fluorescence maxima of 324, 393, 445, and 478 nm.
According to the selection rule of atomic spectroscopy, there is no
possibility of d−d transitions for Mn2+ (d5) and Fe3++(d5) of MnFe2O4

Fig. 3. (a) TEM image of MnFe2O4 hollow sphere of average diameter 100 nm, (b) HRTEM image, (c) SAED pattern of the area selected by black rectangle as shown in the TEM image of
MnFe2O4 NHSs. (d) SEM image, (e) EDX of T-MnFe2O4 hollow sphere of average diameter 90 nm.

Fig. 4. FTIR spectra of MnFe2O4 NHSs, T−MnFe2O4 NHSs, and tartrate. Fig. 5. Field dependent magnetization graph of bare MnFe2O4 NHSs of average diameter
100 nm at 300 K. Inset shows the same for T−MnFe2O4 NHSs.



since the transitions are both Laporte and spin forbidden [22].
However, there is a possibility for the existence of 3+ oxidation state
of Mn at higher pH [23]. Tartrate, having two α−hydroxy carboxylate
groups, is a strong field ligand and in presence of high−spin octahedral
environment, the degeneracy of t2g and eg levels of Mn3+ (d4) is lost due
to Jahn−Teller distortion and caused to develop energy levels of 5B1g,
5A1g, 5B2g, and 5Eg with increasing energy [24]. Therefore, the first
emission peak at 412 nm is due to LMCT from tartrate to the Mn2+/3+

or Fe3+ and the peaks at 492, 522, and 568 nm are due to the d−d
transitions [25] of 5B1g→5Eg, 5B1g→5B2g, and 5B1g→5A1grespectively
of surface Mn+3 ions of fl. modified MnFe2O4 NHSs. Multicolor
fluorescence, arising due to different excitations of fl. modified
T−MnFe2O4 NHSs solution is evident from the images of
Fig. 7(c)−(e). It demonstrates that the off−white coloured powder of
fl. modified T−MnFe2O4 NHSs generate fluorescent colors like blue,
green, and red upon excitations in the range of 340−380, 450−490,

and 515−560 nm respectively, by using filters.
Size and morphology of the nanostructures play an important role in

determining their catalytic activity [26]. In general, nanostructures
with lower size exhibit efficient catalytic activity due to their higher
surface area. Therefore, the double surface area of NHSs of average
diameter of 100 nm must show better catalytic performance in contrast
to their solid configuration. In addition to that the oxidation state of
metal ion also determines their catalytic performance as reported by
Sophiphun et al. [27]. Recently, significant efforts have been made to
study the catalytic/photocatalytic performances of mixed valence
nanostructures. Hence, in order to identify the catalytic performance
of mixed valance magnetic metal oxide with large effective surface area
as well as to utilize the broad optical absorption band of T−MnFe2O4

NHSs throughout the UV−vis region, we have carried out the photo-
catalysis of textile dye, MB in presence of T−MnFe2O4 NHSs under UV
light. Fig. 8(a) shows the excellent catalytic activity of
T−MnFe2O4NHSs for degradation of MB with time at pH∼3 under
UV light irradiation of wavelength 253 nm. The characteristic absorp-
tion at 663 nm has been chosen to monitor the photocatalytic degrada-
tion at room temperature. It demonstrates that the peak intensity at
663 nm changes significantly with time and the MB is found to degrade
completely within 60min of UV irradiation. Fig. 8(b) shows the rate of
photocatalytic degradation of MB in the presence of bare tartrate,
MnFe2O4 NHSs, T−MnFe2O4 NHSs under UV light of wavelength
253 nm and the degradation rate in presence of T−MnFe2O4 NHSs is
maximum and found to fit excellently with a first order rate equation
with kinetic rate constant (k) of 2.64×10−2 min−1. It is noted that
T−MnFe2O4 NHSs show good photoluminescence property upon UV
excitation which may facilitates the photo induced electron transfer
from T−MnFe2O4 NHSs to MB, resulting MB degradation only within
60min. Lee et al. [28] have reported that electron transfer is associated
with the MB degradation and enhanced interaction of MB with the
double interfaces of T−MnFe2O4 NHSs further promote it. Guo et al.
[29] have demonstrated the decomposition of MB dye in aqueous
solution by MnFe2O4 NHSs having diameter in the range of about
170–220 nm as a catalyst and found 85% degradation of MB within
150min. Therefore, surface modification of MnFe2O4 NHSs with

Fig. 6. UV−vis absorption spectra of tartrate, MnFe2O4, T−MnFe2O4, and fl. modified
T−MnFe2O4 NHSs. Inset exhibits the photographs of aqueous T−MnFe2O4 NHSs solution
under visible and UV light respectively.

Fig. 7. (a) Normalized steady−state fluorescence emission spectra at four different excitation wavelengths of 324, 395, 447 and 480 nm, (b) Normalized steady−state fluorescence
excitation spectra at different emission wavelengths of 412,492, 522 and 568 nm of fl. Modified T−MnFe2O4 NHSs. Fluorescence microscopic images of the same NHSs powder under (c)
UV, (d) blue and (e) green light irradiations. The scale bars in all the images are 500 µm.



tartrate ligand as in our case indeed plays important role in rapid
degradation of MB. Photoluminescence study of T–MnFe2O4 NHSs
already reveals the emergence of blue fluorescence under UV light
irradiation, indicating the excitation of electrons from their valance
band to the conduction band. Therefore, these excited electrons get the
opportunity to react with the surface O2 and H2O of T–MnFe2O4 NHSs
solution to generate superoxide anions (O2

·−) and hydroxyl ions (OH·)
respectively which are responsible for the degradation of MB present in
the aqueous solution of T–MnFe2O4 NHSs. The proposed reaction
mechanism is as follows:

T–MnFe2O4+hγ→ eCB−+ hVB+

eCB−+ O2→O2
·-

O2
·−+MB→Product

hVB++ H2O→HO·+ H+
aq

HO·+ MB→Product

In order to confirm the nature of MB degradation, we have carried
out photocatalytic degradation of MB in presence of T-MnFe2O4 NHSs
under UV light of another different wavelength of 360 nm and normal
day light condition as shown in Fig. 8(c) and (d). The comparative
study of photocatalytic degradation of MB in presence of T-MnFe2O4

NHSs under UV lights of wavelength 250 and 360 nm indicates that UV
light influences MB degradation significantly. The decrease rate of MB
concentration under UV light of wavelength 250 nm (∼4.96 eV) is
found to be faster than the MB degradation under UV light of
wavelength 360 nm (∼3.4 eV). In addition, no degradation is observed
under normal day light condition which implies that MB decomposed
through photocatalytic reactions under UV light. Since adsorption does
not depend on the incident light [30,31], this MB degradation is
practically due to catalysis instead of adsorption and T-MnFe2O4 NHS
is photo-catalytically active material.

To confirm the stability of the high photocatalytic performance as
well as for commercialization, the recycling experiments of
T−MnFe2O4 NHSs under UV irradiation have been conducted. We
have carried out five consecutive cycles as shown in Fig. 8(c) which
shows that the rate of the photocatalytic degradation remains almost
constant, indicating the high stability of the catalyst. Since the
photocatalytic properties of the T−MnFe2O4 NHSs rejuvenate after
each cycle, it is very important for industrial applications.

4. Conclusion

In summary, magnetic hollow nanospheres of MnFe2O4 having
narrow size distribution and with average particle size of 100 nm have
been successfully synthesized by self templated solvothermal method.

Fig. 8. (a) UV−vis spectra of MB solution measured at different time in presence of T−MnFe2O4 NHSs and UV light of wavelength 253 nm, (b) Relative concentration of MB versus time,
monitored at 663 nm in presence of T−MnFe2O4 NHSs/MnFe2O4 NHSs/bare tartrate under UV light of wavelength 253 nm. UV−vis spectra of MB degradation in presence of
T−MnFe2O4 NHSs under (c) UV light of wavelength 360 nm, and (d) normal day light condition.

Fig. 9. Reusability of T−MnFe2O4 NHSs in the degradation of MB under UV light of
wavelength 253 nm over five cycles.



Further, we have demonstrated that rational surface functionalization
of these MnFe2O4 NHSs can modify their electronic structure through
charge transfer from the organic ligand to the metal ion and therefore,
enumerates wide range of multicolor fluorescence starting from blue,
green, to red. Finally, we have utilized the large surface area of our
developed magneto−fluorescent T−MnFe2O4 NHSs in monitoring the
catalytic efficiency for the degradation of MB under UV light irradiation
and it is found to exhibit excellent reusable photocatalytic performance
which is beneficial for industrial applications. The T−MnFe2O4 NHSs
developed in this work are potentially important for various applica-
tions such as photonics, separation, water treatment, bio−imaging, and
drug delivery.
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