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Abstract
In the present work, the anticancer, photocatalytic and magnetic qualities of nanocrystalline nickel or magnesium-doped 
nanoparticles of lithium-ferrite samples, formed through sol–gel auto-combustion process were investigated. The products 
were studied by FT-IR spectroscopy, scanning electron microscopy (SEM), energy dispersive X-ray (EDX) technique, X-ray 
diffraction (XRD), ultraviolet–visible diffuse reflectance spectroscopy (DRS), photoluminescence (PL) spectra, and vibrat-
ing sample magnetometery (VSM). XRD results showed that the nano-photocatalytic samples lithium ferrite (Li0.5Fe2.5O4), 
lithium-magnesium ferrite (LiMg0.5Fe2O4) and lithium-nickel ferrite (LiNi0.5Fe2O4) are nano-photocatalytic samples, which 
are in good crystalline form. The LiMg0.5Fe2O4 nano-photocatalyst showed the highest photocatalytic performance for 
removal of methyl orange (MO) and removed 99.9% of pollutant within 25 min under ultraviolet (UV) light irradiation. 
Magnetic characterization revealed that the Mr and Ms of LiNi0.5Fe2O4 nano-photocatalyst decreases with doping Ni or Mg. 
Finally, in vitro cytotoxic effect of synthesized nanoparticles was evaluated on Hela cell line.

1  Introduction

Hazardous organic materials (carbon based compounds: 
e.g. methyl orange, rhodamine B, phenol, bisphenol, 
methylene blue, etc.) are important sources of wastewater 
contamination. They can be removed in wastewater con-
tamination by the photocatalytic method of semiconduc-
tor hybrid nanophotocatalysts (e.g. CuWO4/NiO, SmVO4, 

TiO2–graphene–ZnFe2−xTbxO4, SrTiO3, NiTiO3, CdTiO3, 
CeVO4, Nd2TiO5, Yb2(MoO4)3/YbMoO4, BaFe12O19/
Sm2Ti2O7/Ag, Pr3+ ions in cobalt–nickel ferrite, etc.) [1–10]. 
In recent years, significant progresses have been made in the 
photocatalytic degradation of hazardous organic materials 
under UV-light (λ < 387 nm). Thus, effective utilization of 
UV-light is a common way for photocatalytic degradation of 
hazardous organic pollutants [11–13].
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Spinel-phase nanocrystalline Li0.5−0.5xMxFe2.5−0.5xO4 (e.g. 
M = Mg2+, Ni2+, Fe2+, Co2+, Cd2+, Zn2+, Cu2+, Mn2+, etc.) 
magnetic ferrites constitute a key family of nanomaterials 
which are suitable for a range of applications like nanoferro 
fluids, nano-biomedical, nano-photocatalysts, magnetic, 
microwave, and gas sensing devices [14, 15].

Because Li0.5Fe2.5O4 enjoys qualities such as having low 
dielectric loss, high saturation magnetization, square hyster-
esis loop, low cost and environmental friendliness, and being 
non-toxicity, it could be considered as a potential magnetic 
material for hybrid nanophotocatalysts [16]. The varied quali-
ties of spinel lithium ferrites can be attributed to their ability 
to host the cations for a range of transition metals in their lat-
tice. Therefore, their structural, optical, magnetic and electri-
cal characteristics can change. New approaches, like radio-
frequency inductively coupled plasma (RF-ICP), chemical 
hydrothermal, electrochemical, microwave or sonochemical 
processing, inert gas condensation, sol–gel auto-combustion, 
and mechanical milling have been introduced for preparing 
spinel ferrite nanoparticles [17–20]. A very common choice 
from this list has been the sol–gel auto-combustion (SGAC) 
approach which has been used in the synthesis of materials 
with different metastable structures, even at rather low tem-
peratures, because this method yields products with great 
chemical homogeneity. Such method offers the possibility to 
manipulate physical characteristics such as particle size and 
shape, and pore structure in the product by varying the prepa-
ration conditions [21, 22].

On the other hand, the contemporary state of exposure 
to nanomaterials has attracted a great deal of attention to 
the evaluation of their antibacterial and nanotoxicology, and 
the incremental trends in the application of nanoparticles 
[23–25]. They increase the need for more techniques for 
their evaluation and analysis. It is also important to pinpoint 
and describe the physicochemical properties of the parti-
cles which affect their toxicity and use this information for 
obtaining desirable products. Herein, we report the synthesis 
of the Ni or Mg-doped Li0.5Fe2.5O4 nano-crystalline mag-
netic ferrites using the sol–gel auto-combustion process for 
in vitro cytotoxicity assay and catalytic photo degradation of 
aqueous solution of MO under ultraviolet light irradiation.

2 � Experimental section

2.1 � Chemicals

Nickel nitrate hexahydrate (99%), magnesium nitrate hexa-
hydrate (99%), ferric nitrate nanohydrate (99%), lithium 
nitrate (99%), Ammonia solution (25%) and citric acid 
monohydrate (99%) were obtained from Merck Co. and 
used as received. All solutions and washings were performed 
using deionized water (DI) prepared using a TKACo Smart-
2-Pure instrument.

2.2 � Preparation of Ni or Mg‑doped Li0.5Fe2.5O4 
magnetic nanophotocatalysts

Nanocrystalline Ni or Mg-doped Li0.5Fe2.5O4 mag-
netic nanophotocatalysts were synthesized by the simple 
wet chemical SGAC method. LiNO3, Fe(NO3)3·9H2O, 
Ni(NO3)2·6H2O and Mg(NO3)2·6H2O were used as precur-
sors to prepare Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 
magnetic nanophotocatalysts. The metal nitrate/citric acid 
monohydrate molar ratio was kept at 1:3 at room tempera-
ture. Typical preparation procedures involved dissolving 
LiNO3, Fe(NO3)3·9H2O, citric acid and Ni(NO3)2·6H2O or 
Mg(NO3)2·6H2O in 100 mL of DI, with stirring 3000 rpm 
for 3 h to form a stable solution at normal temperature. Next 
liquid ammonium hydroxide was added to the solution in a 
drop wise manner to pH of 7 while the solution was heated at 
80 °C for 60 min, to yield a transparent sol. This was heated 
for another 60 min at 110 °C to evaporate the water. Further 
increase in the temperature turned the sol to a viscous brown 
gel, and eventually dried gel at 100 °C for 60 min. When a 
certain temperature was reached, the sample ignited and the 
dried gel burnt to form the magnesium or nickel-substituted 
lithium ferrite powder. This powder was next dried and sin-
tered for 120 min at 900 °C in a muffle furnace.

2.3 � Assessment of the nano‑particles

XRD phase analyses were conducted using a Philips X’pert 
Pro MPD with a graphite-filtered Cu Kα (k = 0.154 nm) 
radiation. These analyses were performed in a 2θ window 
ranging from 10 to 80°. Sample morphology was also stud-
ied through performing SEM tests at 30 kV on a Tescan 
MIRA3 FEG-SEM equipped with a Tescan MIRA3 FEG- 
EDAX. To perform the tests, the samples were dispersed 
onto a carbon tape. Fourier transform infrared spectra were 
recorded using a Nicolet Magna IR 550 spectrometer and the 
room temperature magnetic measurements were performed 
using a PMC Micro Mag 3900 VSM (Meghnatis Daghigh 
Kavir Co.) with a 1 Tesla magnet.

2.4 � Photodegradation assessments

The suspensions used for the photo-degradation reac-
tion were 500 mL of a 0.1 g/L suspension of Li0.5Fe2.5O4, 
LiMg0.5Fe2O4 and LiNi0.5Fe2O4 nanostructure photocatalyst 
in a 5 mg/L MO solution as the model pollutant. The irradia-
tion was performed using a high pressure Hg lamp (250 W, 
λ > 280 nm). The suspension was stirred in the absence of 
light until the ongoing analyses showed an equilibrium was 
reached (this happened after 30 min). The suspensions were 
subjected to UV under constant aeration. At 0, 5, 10, 15, 20 
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and 30 min of the onset of the irradiation, the reaction mix-
ture was sampled and the samples were studied by UV–Vis 
spectrometry at the maximum absorbance (λmax = 507) of 
MO at 25 °C, after centrifugation. The temperature of sam-
ple was maintained at 25 °C by cooling the reactor.

2.5 � Cell culture

A 549 cell line was the curtesy of the National Cell Bank of 
Iran. The culturing of the cells was performed using 75 cm2 
flasks, and next the cells were scraped off and centrifuged 
at 1100×g for 5 min, before being resuspended in a fresh 
medium and, counted by trypan blue exclusion (99% viabil-
ity). The concentration of the cells was set at 105 cells/mL. 
100 µL volumes of the suspension were transferred to the 
wells of a 96-well cell-culture plate (Corning, USA) contain-
ing a RPMI-1640 medium (Cambrex Bioscience), further 
containing l-glutamine (2 mM, Gibco), penicillin–strep-
tomycin (100 IU/mL penicillin, 100 mg/mL streptomycin 
(Gibco)) and heat inactivated fetal bovine serum (Biowest) 
10% (v/v). The system was stored in a humidified incubator 
with a 5% CO2 atmosphere at 37 °C.

2.6 � MTT assay

Different concentration of nanoparticles were added to cul-
tured 96-well plate and 24 and 48 h after irradiation, After 
adding MTT solution (USB Corporation, Cleveland, USA) 
to the wells, the plates were incubated at 37 °C for 4 h. Next, 
the MTT solution was taken away and DMSO was used to 
dissolve the formazan crystals. The absorbance of the sam-
ple at 540 nm was measured using a 680 Microplate Reader, 
Bio-Rad Laboratories, Hercules, CA, USA. The viability 
percentage was calculated using the expression below:

in which AT and AC represent the absorbance of the treated 
and control cells, respectively.

3 � Results and discussions

3.1 � XRD analysis

The obtained XRD analysis of the magnesium or nickel sub-
stituted lithium ferrites magnetic nanophotocatalyst samples 
with chemical formula of LiMg0.5Fe2O4 and LiNi0.5Fe2O4, 
respectively, calcinated at 900 °C for 2 h is illustrated in 
Fig. 1. The XRD results show a series of diffraction peaks at 
the position of 24.1°, 26.19°, 31.14°, 36.11° 44.33°, 54.66° 
57.46° and 63.22° with lines (210), (211), (220), (222), 

AT/AC × 100

(400), (422), (511) and (440) which is in good agreement 
with Li0.5Fe2.5O4 with the cubic spinel-phase lattice structure 
[26–30].

The approximate size of the crystallite phases of the 
sample was determined using XRD-peak data and the 
Debye–Scherrer formula [31–38]:

in which k is a constant (0.9), λ or the X-ray radiation is 
0.154056 nm, β expresses a corrected band broadening 
(full-width at half-maximum) obtained after subtracting the 
instrumental broadening, and θ represents Bragg’s angle. 
The average values of the crystallite sizes of the samples 
sintered at 900 °C were calculated via the Debye–Scher-
rer equation applied to the marked peaks, and the crystal 
sizes were 37 ± 0.2 nm, 45 ± 0.2 nm and 41 ± 0.2 nm for 
Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4, respectively.

3.2 � SEM and EDX tests

Surface morphology and composition of magnetic nano-
particles was investigated by SEM analysis. Figure 2 shows 
TEM, SEM and EDS images of the (a) Li0.5Fe2.5O4, (b) 
LiMg0.5Fe2O4 and (c) LiNi0.5Fe2O4 magnetic nanoparticles 
prepared by the sol–gel method. TEM and SEM image show 
that all the magnetic nanoparticles display approximately 
spherical shape. It is found that the average diameter of the 
nanoparticles increased with doping Mg or Ni on to the 
Li0.5Fe2.5O4, and average diameter size were in the range 
of about from 90 to 127 nm, in the case of the un-doped 

(1)D =
k�

β cos θ
,

Fig. 1   XRD patterns of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 and 
LiNi0.5Fe2O4 magnetic nano-particles
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and ~ 140–205 nm for the magnesium-doped Li0.5Fe2.5O4 and 
~ 113 − 155 nm for Ni-doped Li0.5Fe2.5O4 samples. In the 
case of pure Li0.5Fe2.5O4 samples, the EDX spectra included 
Li, Fe and O peaks, and in the case of the magnetic Ni or 
Mg-doped Li0.5Fe2.5O4 samples, Fe, Mg, Li, Ni and O peaks 
could be observed.

3.3 � FT‑IR spectroscopy

The infrared spectroscopy results obtained for Li0.5Fe2.5O4, 
LiMg0.5Fe2O4 and LiNi0.5Fe2O4 can be viewed in Fig. 3. The 
absorption bands around 580.7, 590.7 and 599.0 cm−1 cor-
respond to the presence of metal oxide (Fe–O). Furthermore, 
the bands at 3417 and 1629 cm−1 reflect the stretching/bend-
ing of the hydroxyl groups [39]. However, the Li0.5Fe2.5O4 
nanoparticles prepared using citric acid had spinel (P4 332 
space group) absorption bands at 466.7 and 544.7 cm−1 [40]. 
Doping the product with Mg or Ni enhanced the wavenum-
ber, because of the replacement of the smaller Fe3+ (63 pm) 
ions with Mg2+ (71 pm) and Ni2+ (83 pm) [41].

Fig. 2   TEM, SEM pictures and EDX spectra of the a Li0.5Fe2.5O4, b LiMg0.5Fe2O4 and c LiNi0.5Fe2O4 magnetic nano-particles

Fig. 3   FT-IR spectra of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 and 
LiNi0.5Fe2O4 magnetic nano-particles
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3.4 � Magnetic characterization

The Magnetic hysteresis plots of Li0.5Fe2.5O4, 
LiMg0.5Fe2O4 and LiNi0.5Fe2O4 magnetic nanophotocata-
lysts samples are shown in Fig. 4. The Li0.5Fe2.5O4 nano-
photocatalysts exhibits higher Ms and Mr than Mg or Ni-
doped Li0.5Fe2.5O4. It is clear that the Ms and Mr decrease 
with doping Mg or Ni. Maximum Ms, Mr and Hc values 
were 57.757 emu/g, 17.420 emu/g and of 100.783 Oe. The 
results of the magnetic parameters measurement as rema-
nence magnetization (Mr), coercivity (Hc) and saturation 
magnetization (Ms) values are summarized in Table 1. Mr 
usually depends on Ms, Thus by decreasing the Bohr mag-
netization in the prepared samples, saturation magnetiza-
tions (Ms) and remanent magnetization Mr decrease. But 
Hc determined by a lot of extrinsic factors such as crystal 
size, single-domain or multi-domain, anisotropy, and etc. 
that is strongly influenced by microstructure of samples 
in the processing procedures. However, Hc of the samples 
are almost identical and this indicate that these factors are 
almost same in all samples.

3.5 � Photoluminescence (PL) evaluations

Figure 5 shows the photoluminescence spectra obtained 
for Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 mag-
netic nanophotocatalyst samples. PL spectra of Ni or 
Mg-doped Li0.5Fe2.5O4 were acquired in order to study 
the defects and effects of impurity on the system. To this 
end, the samples were excited at 533–563 nm. All samples 
showed the near-band-edge (NBE) bands characteristic of 
Li0.5Fe2.5O4 and magnesium- or nickel doped Li0.5Fe2.5O4 
at about 565, 533 and 545 nm. Moreover, a wider emis-
sion was observed in all cases. This was attributed to the 
recombination of photogenerated holes with electrons 

which were deeply trapped in oxygen vacancies [42]. 
Doping was found to decrease the overall intensity of the 
peaks of both samples, due to the emergence of electronic 
levels with energies between those of the conduction 
and valence bands as a result of increased defects [43]. 
Hence the charge separation efficiency and photocatalytic 
activity are expected to have an inverse relationship of 
LiMg0.5Fe2O4 > LiNi0.5Fe2O4 > Li0.5Fe2.5O4 [44].

3.6 � UV–visible Diffuse reflectance spectroscopy 
(UV–Vis DRS) experiments

UV–visible diffuse reflectance spectra of the Li0.5Fe2.5O4, 
LiMg0.5Fe2O4 and LiNi0.5Fe2O4 magnetic nanophotocatalyst 
samples are illustrated with maximum absorption around 
370, 388 and 405 nm, respectively. Also, Fig. 6a, b clearly 
indicate a drop in the band gap energy of the doped samples 
as opposed to pristine Li0.5Fe2.5O4, which illustrates a con-
siderable red shift and increase in the absorption in the case 
of Mg and Ni-doped Li0.5Fe2.5O4 magnetic nanophotocata-
lysts compared to Li0.5Fe2.5O4 (Table 2). The direct optical 
band gap energies (Eg) of the magnetic nanophotocatalyst 
samples were calculated according to the Tauc relationship 
as given below [45]:

(2)�h� = B (h� − Eg)
2

Fig. 4   Magnetic hysteresis loops (or the M–H curves) of the 
Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 magnetic nano-particles

Table 1   Magnetic parameters of the nanophotocatalysts samples

Sample MS (emu/g) Mr (emu/g) HC (kQe)

Li0.5Fe2.5O4 57.757 17.42 100
LiMg0.5Fe2O4 26.44 12.646 90.342
LiNi0.5Fe2O4 26.131 6.763 100.783

Fig. 5   PL spectra of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 
magnetic nano-particles
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3.7 � Photocatalytic studies of nanophotocatalyst 
samples

UV–vis absorption spectra of MO dye after the photodeg-
radation under UV light in the presence of the Li0.5Fe2.5O4 
(95%), LiMg0.5Fe2O4 (98.04%) and LiNi0.5Fe2O4 (99.09%) 
magnetic nanophotocatalyst samples are illustrated in Fig. 7. 
The removal of MO dye by Mg or Ni-doped Li0.5Fe2.5O4, 
were higher as opposed to Li0.5Fe2.5O4. The p–d spin 
exchange interaction between the localized f electrons of 

Ni or Mg doped into Li0.5Fe2.5O4 surrounding and the band 
electrons leads to narrowing. Meanwhile, pedex-change and 
the sed interactions give rise to a positive and a negative 
correction to the valence band energies and the conduction 
band, respectively. They happen due to reduce in band gap 
energy. Therefore different parameters such as strain, lattice 
distortion and impurity change its band gap value.

Effect of irradiation time and kinetic studies on the pho-
todegradation MO dye in the presence of the Li0.5Fe2.5O4, 
LiMg0.5Fe2O4 and LiNi0.5Fe2O4 magnetic nanophotocatalyst 
samples are illustrated in Fig. 8. Photocatalytic reactions 
involving the application of magnetic nano-photocatalysts 
fit the Langmuir–Hinshelwood model [46]. In the present 
case the reaction involving the magnetic nanophotocatalyst 
samples and UV irradiation is a pseudo 1st order reaction. 
The kinetics of such reactions are expressed by:

Integrating this equation from C = C0 at t = 0 (C0 is the 
initial bulk concentration of MO and t: reaction time) yields:

k is the apparent rate constant, C0 is the bulk concentration 
of MO before the reaction, and C is the MO concentration 
at any instant t after the onset of the irradiation.

Today, considering the excellent performance of different 
nanomaterials in photocatalyst, many scientists have focused 
on this field [35, 47–53]. Figure 9a, b shows the performance 
of magnetic nanophotocatalyst samples towards MO degra-
dation under UV irradiation. In comparison with un doped 
Li0.5Fe2.5O4, Mg or Ni-doping improves the photoactivity 
of Li0.5Fe2.5O4, principally because Mg2+ and Ni2+ can act 
as both electron–hole (e−–h+) traps to enhance lifetimes 
of e−–h+ pairs [44]. The magnetic Mg-doped Li0.5Fe2.5O4 
nanophotocatalysts had outstanding photocatalytic activity 
for the UV induced degradation of MO at λ < 387 nm. The 
first event after the irradiation of the reaction dispersion con-
taining Ni or Mg-doped Li0.5Fe2.5O4 includes the formation 
of e−–h+ pairs, which oxidizes MO. MO may also be oxi-
dized by reactive oxygen species active sites such as OH· 
and O2

·− radicals formed on the illuminated Ni or Mg-doped 
Li0.5Fe2.5O4 surface [54].

(3)r = dc∕dt = −kC

(4)ln
(

C∕C0

)

= −kt

Fig. 6   Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 magnetic nano-
particles: a UV–Vis spectra, and b Tauc plot pattern (band gap 
energy)

Table 2   Optical and crystal 
size parameters of the 
nanophotocatalysts samples

Sample no. Debye–Scherrer crystal-
lite size (nm)

Band edge (nm) Maximum absorp-
tion

Maxi-
mum 
emission

Li0.5Fe2.5O4 37 3.41 370 563
LiMg0.5Fe2O4 45 2.81 388 533
LiNi0.5Fe2O4 41 3 405 546
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Fig. 7   UV–Vis absorbance spectrum of MO at different time inter-
vals on irradiation using 0.1  g/L, of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 
and LiNi0.5Fe2O4 magnetic photocatalysts

Fig. 8   Photocatalytic destruction of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 
and LiNi0.5Fe2O4 magnetic photocatalysts (pseudo first order kinetics)

Fig. 9   a, b Photocatalytic destruction of methyl orange solution under 
UV irradiation of the Li0.5Fe2.5O4, LiMg0.5Fe2O4 and LiNi0.5Fe2O4 
magnetic photocatalysts. The photocatalytic reaction can be expressed 
as follows (i to v). (i) M = Mg or Ni-doped Li0.5Fe2.5O4 + hν → Mg 
or Ni-doped Li0.5Fe2.5O4 (h+ + e−). (ii) M3+ + e– → M2+. 
(iii) M2++O2 → M3+ + O2·−. (iv) M2+ + h+ → M3+. (v) 
H2O + h+ → HO·  + H+. (vi) O2 + e− → O2·−. (vii) H+ + O2·− → 2HO·. 
(viii) ·OH + MO → CO2 + H2O + Intermediate products
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3.8 � Cytotoxicity of nanoparticles

Cytotoxic effect of different concentrations of nanoparticles 
from 10 to 1250 μg/mL on hela cell line was considered 
with MTT assay. The cytotoxicity of prepared nanopar-
ticle against the cell that was observed after 24 and 48 h 

treatment which are presented in Fig. 10a, b. Based on 
these results, after 24 h of cell treatment using nanopar-
ticles, Li0.5Fe2.5O4 and LiNi0.5Fe2O4 nanoparticles did not 
show any toxicity up to a concentration of 500 μg/mL. The 
LiMg0.5Fe2O4 nanoparticle in this concentration killed only 
2% of the cells after 24 h and any toxicity was not observed 

Fig. 10   Anticancer effect of the 
nanoparticles on hela cell after 
(a) 24 h and (b) 48 h
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at lower concentrations (250 μg/mL or lower). But after 
48 h of cellular treatment with synthesized nanoparticles, 
some changes in the level of cytotoxicity were observed. 
As the Li0.5Fe2.5O4 nanoparticles still showed no toxicity 
at a concentration of 500 μg/mL, the LiMg0.5Fe2O4 and 
LiNi0.5Fe2O4 nanoparticles destroyed 11% and 9% of the 
cells at this concentration respectively. However, at the 
concentration of 250 μg/mL, they did not have any toxicity. 
Synthesis pathway of the nanoparticles and their different 
applications is shown in Scheme 1. Figure 11 exhibits the 
microscopic photos of hela cells with optimized nanocom-
posite at three different concentrations which confirm that 
once concentrations decrease, the toxicity of the sample is 
reduced as well.

4 � Conclusion

In summary, the obtained results demonstrate that the Ni 
(99.09%) or Mg-doped (98.04%) Li0.5Fe2.5O4 has higher 
photoactivity in decomposition of MO under UV light 
illumination as compared with Li0.5Fe2.5O4 nanoparticles 
(95%) which were directly synthesized through a facile 
sol–gel auto-combustion (SGAC) method. The XRD result 
shows that the average nanophotocatalyst samples was 
~ 80 − 140 nm calculated by Debye–Scherrer formula. The 
approximately agglomerated nanophotocatalyst samples 
with average diameter sizes ranging from 90 to 205 nm 
were obtained via SEM technique. The Li0.5Fe2.5O4 nano-
photocatalysts display typical ferrimagnetic properties with 

Scheme 1   Schematic depiction for the preparation of nanoparticles and its application in photocatalysts and Anti-cancer
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a maximum Ms of 57.757 emu/g. The band gap energy of 
Li0.5Fe2.5O4 is decrease with doping Ni or Mg. Therefore 
the Li0.5Fe2.5O4 nanoparticles still showed no toxicity at a 
concentration of 500 μg/mL while the LiMg0.5Fe2O4 and 
LiNi0.5Fe2O4 nanoparticles destroyed 11% and 9% of the 

cells at this concentration respectively. Meanwhile, at the 
concentration of 250 μg/mL, they did not have any toxicity.

Funding  Funding was supported by Baqiyatallah University of Medi-
cal Sciences (Grant No. 942323).
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