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ABSTRACT
Objective: In this study we would like to report the synthesis of pure and group I element doping of ZnO 
nanoparticles (ZnO-NPs) prepared using gelatin. The use of natural polymers for the preparation of the pure 
and doped nanoparticles can result in achieving low cost and eco-friendly advantages. 
Materials and Method: Pure and doped ZnO-NPs were obtained at 500 °C and The cytotoxicity of nano-
particles was evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-trazolium bromide (MTT) assay. 
Briefly, neuro2A cells were seeded at a density of 1×104 cells perwellin96-wellplatesand incubatedfor24h.
Thereafter, the cells were treated with various concentrations of nanoparticles in the presence of 10% FBS.
Results: X-ray diffraction (XRD) analysis revealed wurtzite hexagonal structure for the prepared 
nanoparticles. No other peaks related to the other compounds are detected which indicate that the doped 
group one elements have been diffused into ZnO lattice. Field emission scanning electron microscopy 
(FESEM) showed that the formation of most nanoparticles in nano scale. In vitro cytotoxicity studies on 
neuro2A cells show the non-toxic effect of concentration below ~250 μg/mL for pure and K doped ZnO-
NPs and ~63 μg/mL for Li and Na doped ZnO-NPs. Conclusion: The results show that the potentials of the 
prepared doped samples to be used in cancer treatments.

Keywords: ZnO; Cytotoxicity; Zinc oxide; Doping

INTRODUCTION
Due to their interesting properties, ZnO 

nanoparticles (ZnO-NPs) are known as important 
inorganic semiconductor materials. Therefore, 
they have wide applications in various fields 
including catalysis [1], pigments [2], chemical 
sensors [3], medical treatments [4], and skin 
care [5].Doping elements in ZnO matrix is known 
as a way to control and change its properties. 
Numerous studies have been carried out to study 
the physical, chemical, and medical properties of 
ZnO-NPs doped by several elements [6-10]. Also, 
it has been found that ZnO particles in nano-size 
possess unique properties. Therefore, several 
reports are provided on the synthesis of pure 
and doped ZnO-NPs such as sol-gel [11], solvo- 
and hydrothermal [12, 13], precipitations[14], 
sono-chemical [15], and CVD and VLS [6, 16]. 

The preparation method is chosen based on the 
type of application required. Among the above 
mentioned methods, sol-gel has gained lots of 
interest since it is a low cost and simple method. 
Recently, biomaterials, such as natural materials 
like gelatin, chitosan, and starch [18-20], have 
been used for the preparation of ZnO-NPs using 
sol-gel method. Gelatin found to be a suitable 
biomaterial extracted from the partial hydrolysis 
of collagen which has good bio-compatibility [17]. 

The cytotoxicity and antibacterial properties of 
nanoparticles is a big issue which must be taken 
into account in medical applications of these 
materials [18-21]. 

Many parameters have been identified as 
being effective in nanomaterial toxicity. Therefore, 
it seems to be crucial to determine the cytotoxicity 
of each nanomaterial specifically [22]. Moreover, 
due to the different in the experimental it is difficult 
to compare their cytotoxicity results [23]. ZnO has 
a lot of medical applications due to its interesting 
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biological properties, Because doped ZnO-NPs 
have some medical applications, we evaluate the 
cytotoxicity of the prepared NPs to gain a better 
insight into the biological effect of ZnO-NPs. As 
mentioned earlier, pure and doped ZnO-NPs are 
present in several materials used for medical 
applications such as skin UV protection creams. So, 
investigations are carried out on the cytotoxicity 
of ZnO-NPs with different morphologies and sizes 
[24]. The study of the safety issues of this material 
on humans and environment is significantly 
important. Many invitro studies show that a small 
amount of ZnO-NPs reduces cell viability from 
100% to almost zero. The even can be attributed 
to free intracellular Zn2+ from dissolving of ZnO-
NPs [25]. As an example, the inhalation of ZnO-
NPs (20nm, 2.5 mg/Kg, bw) twice daily amount 
results in an increase in Zn2+ content in the liver 
and kidneys and causes damage in liver and lung 
tissues according to histopathology results [26].

In this study, Zn0.97X0.03O (X= Li, Na, and K) 
nanoparticles were fabricated using sol-gel 
method and gelatin as stabilizing agent. The 
complex structure of gelatin enables it to stabilize 
zinc species and nano-particles while inhibiting 
their excessive aggregation or crystal growth. 
Also, the cytotoxic effect of the nanoparticles on 
neuro2A cells was examined.

MATERIALS AND METHODS
All the materials used were of analytical 

grade and were used without any purification. 
To synthesize Zn0.97X0.03O (X=Li, Na, and K) 
nanoparticles, analytical-grade Zinc nitrate 
hexahydrate (Zn(NO3)2.6H2O purchased from 
Merk), lithium nitrate (LiNO3purchased from 
Merk) sodium nitrate (NaNO3purchased from 
Merk), and potassium nitrate (KNO3purchased 
from Merk)were used as starting materials. Gelatin 
[(NHCOCH–R1) n, R1= amino acid purchased from 
Sigma-Alderich] and distilled water were used as 
polymerization agent and solvent, respectively. 

Synthesis of ZnO-NPs
The specific amounts of the starting materials 

were measured to prepare 2 grams of the final 
product. First, a gelatin solution was prepared 
by dissolving 8g gelatin in 300 ml distilled water 
at 60 °C in oil-bath. The appropriate amounts 
of the nitrates were completely dissolved in 
25 ml distilled water. Afterwards, based on the 
final composition, the needed nitrate solutions 

were separately added to the gelatin solution. 
Meanwhile, the gelatin solution was stirred at 80 
°C. A honey wish gels were obtained after about 4 
h. The inner wall of the crucible was covered with 
the obtained gel and then the crucible was placed 
into the furnace. The temperature of the furnace 
was fixed at 500°C for 2 h with the heating rate 
of 2 °C/min. Finally, white and very soft powders 
were obtained for undoped and doped ZnO-NPs. 
The same processes were followed to obtain the 
other compounds.

Characterizations
In order to find out the lowest required 

calcination temperature, the prepared gel was 
analyzed using thermogravimetric analyzer (TGA-
60/60, Shimadzu).The crystal morphology and 
the structure of the products were investigated 
through scanning electron microscopy (SEM, 
Hitachi H-7100) and X-ray diffraction (XRD, 
Siemens D5000), respectively.

The evaluation of cytotoxicity effect
The cytotoxicity of nano-particles was 

evaluated using 3-(4,5-dimethylthiazol-2-yl)-
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Thermogravometric and the corresponding first 
derivative of pure ZnO gel. (b) thermogravometric analysis of 

pure and doped ZnO gels
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2,5-diphenylte-trazolium bromide (MTT) assay 
[27]. Briefly, neuro2A cells were seeded at a 
density of 1×104 cells perwellin96-wellplatesand 
incubatedfor24h.Thereafter, the cells were treated 
with various concentrations of nanoparticles in 
the presence of 10% FBS. The ZnO-NPs calcined 
at 600 °C were suspended in a stock solution at 5 
μg/ml in a solution of dimethylsulfoxide (DMSO)/
double distilled water. After 24 h of incubation, 20 
μl of 5mg/ml MTT in the PBS buffer was added to 
each well, and the cells were further incubated for 
4 h at 37 °C. The medium containing unreacted 
dye was discarded, and 100 μl of DMSO was 
added to dissolve the formazan crystal formed 
by live cells. Optical absorbance was measured 
at 590nm (reference wavelength 630 nm) using 
a micro-plate reader (Statfax-2100, A wareness 
Technology,USA),and cell viability was expressed 
as a percent relative to untreated control cells. 
Values of metabolic activity are presented as mean 
±SD of triplicates [28].

RESULTS 
Thermogravimetricand the first derivative 

analysis (TGA/DrTG) curves of the prepared pure 
ZnO gel precursor by sol-gel method using gelatin 
are presented in Fig 1a.

The heating process was started from the 
room temperature up to 800 ᵒC along with a 
temperature rate of 5 ᵒC/min. The TGA curve 
descends until getting horizontal at about 480 ᵒC 
and weight loss of 92.5% was observed during the 
heating process. Three main regions are detected 
in TGA curve. 

XRD patterns of the prepared pure ZnO and 
Zn0.97X0.03O (X=Li, Na, and K) NPs in the range of 

2θ=20-70° are shown in Fig 2. All detectable peaks 
with Miller indexes (100), (002), (101), (102), 
(103), (200), (112), (201), and (004) can be indexed 
to the ZnO wurtzite structure (PDF card no: 00–
005–0664). No further peaks were detected 
related to Na, K, Na2O, K2O, Li2O and other similar 
compounds. There was also an increase in (101) 
diffraction peak intensity for ZnO samples doped 
by Li, Na and K elements compared to the undoped 
ZnO-NPs shown in Fig 3. 

Wurtzite lattice parameters such as the values 
of d, the distance between adjacent planes in 
the Miller indices (hkl) (obtained from the Bragg 
equation, λ=2d sinθ), lattice constants a, b, and 
c, inter-planar angle (the angle φ between the 
planes (h1k1l1), of spacing d1 and the plane (h2k2l2) 
of spacing d2), and unit cell volumes were obtained 
from the Lattice Geometry equation [26]. The 
lattice parameters of the samples are summarized 
in Table 1. The crystallite sizes of the undoped and 
doped ZnO-NPs were determined by means of a 
X-ray line-broadening method using the Scherrer 
equation: D = (kλ/βhklcosθ), where D is the 
crystallite size in nanometers, λ is the wavelength 
of the radiation (1.54056 Å for CuKα radiation), k is 
a constant equal to 0.94, βhkl is the peak width at 
half-maximum intensity (FWHM), and θ is the peak 
position. The plane (103) was chosen to calculate 
the crystallite size, either plane can be used for 
this purpose. The crystallite sizes of the undoped, 
K-, Na-, and Li-doped ZnO-NPs were found to be 
38±2, 43±2, 45±2, and 48±2 nm, respectively.

Morphology and the related particle size 
distributions of the undoped, Li-, Na-, and K-doped 
ZnO-NPs are shown in Figs. 4 (a-d). The results 
show an average particle size for undoped Li-, 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2. XRD patterns of (a) pure ZnO-NPs, (b) Zn0.97K0.03O, (c) 
Zn0.97Na0.03O, (d) Zn0.97Li0.03O Fig. 3. XRD peak from (101) plans for pure and doped ZnO-NPs
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Fig. 4. FESEM micrograph of (a) pure ZnO-NPs, (b) Zn0.97K0.03O, (c) Zn0.97Na0.03O, (d) 
Zn0.97Li0.03O
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Na-, and K-doped ZnO-NPs about 95±25, 120±30, 
135±35, and 150±40 nm, respectively. The results 
are in good agreement with the TGA results 
mentioned earlier.

nanopowders, ranging from 0 to 1000 μg/
mL, are shown in Fig 5. The pure and K-doped 
ZnO-NPs samples demonstrated no significant 
toxicity even in concentrations up to 250 mg/
mL in the MTT assay meaning that the prepared 
nanoparticles are well-tolerated by Neuro2A cells. 
Whereas, the results showed, in Li and Na –doped 
ZnO-NPs samples for concentrations above 31μg/

mL, the metabolic activity was decreased. In a 
concentration dependent manner meaning that 
the metabolic activity started to decrease from 
31μg/mL and reached its maximal decreasing in 
500 μg/mL for pure, K, and Na –doped ZnO-NPs 
and 1000 μg/mL for Li-doped ZnO-NPs. 

DISCUSSION
In Fig 1a, the first weight loss Ed1 between the 

room temperature and 140 ᵒC (57.8%) is related 
to an initial loss of water. The second weight loss 
Ed2 occurred between 140 ᵒC and 240 ᵒC with a 

 
 

Compound 2θ 
±0.01 hkl dhkl(nm) 

±0.0005 Structure Lattice parameter (nm)  
± 0.0005 

Zn O 31.71 
34.37 

(100) 
(002) 

0.2821 
0.2608 Hexagonal a=0.324 

c/a=1.62 

Zn 0.97 Li 0.03 O 31.71 
34.38 

(100) 
(002) 

0.2821 
0.2607 Hexagonal a=0.325 

c/a=1.61 

Zn 0.97 Na 0.03 O 31.71 
34.35 

(100) 
(002) 

0.2821 
0.2610 Hexagonal a=0.325 

c/a=1.6 

Zn 0.97 K 0.03 O 31.71 
34.38 

(100) 
(002) 

0.2820 
0.2608 Hexagonal a=0.325 

c/a=1.61 

Table 1. Lattice parameters of pure and doped ZnO–NPs prepared at different 500 °C. (The 
measurements were done based on the data obtained at room temperatures of 25 °C)

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Cell viability of neuro 2A cells measured by the MTT assay for pure and doped ZnO-NPs
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weight loss of 20.2% which can be attributed to 
the decomposition of the aromatic bonds and 
chemical groups of gelatin. Ed3 which is related 
to the decomposition of the pyrocholor phases 
and the formation of ZnO pure phase occurred 
from 240 to 480 ᵒC (14.5%). There was no further 
weight loss after 480 ᵒC which indicates the 
formation of ZnO-NPs above this temperature. 
Therefore, the temperature of 500 ᵒC was chosen 
as the calcination temperature for preparing the 
nanoparticles. The TGA curves of as-prepared 
gels precursor related to the pure, Li-, Na-, and 
K-doped ZnO nanoparticles are presented in Fig 
1b. It is observed that the weight loss traces are 
almost the same but the dopants decrease the 
needed calcination temperature to 450, 460, and 
480 °C for Li-, Na-, and K-doped ZnO gel precursor, 
respectively. This phenomena can be attributed to 
the high chemical reactivity energy of the group-I 
elements of the periodic table, which allow them 
to affect it as a catalyst resulted in an increase 
in the chemical reactions speed during the 
calcination process. This effect will be observed in 
the XRD and SEM results.

According to the XRD results, the crystallite size 
was increased by doping Li, K, and Na into ZnO. 
This can be related to charge density of the Li+, K+, 
and Na+, which help the crystal to grow faster due 
to their higher chemical reactivity in comparison 
with Zn2+. The results are in good agreement with 
the TGA results.

From SEM images, it is clear that Li-doped 
ZnO nano-particles are bigger compared to the 
other samples and some of the particles found 
in hexagonal rod shape as seen in Fig 4d. It can 
be clearly observed that the nano-particles grew 
as the ionic radius of doping material increased. 
It is also observed that the undoped ZnO-NPs, as 
shown in Fig4a, have uniform distribution of size 
compared to Li-, Na- and K-doped ZnO-NPs. This 
poly-disparity of Li-, Na- and K-doped ZnO-NPs can 
be also due to bigger ionic radii of the Li+, Na+ and 
K+ in comparison with ionic radius of the Zn2+. 

It has been reported that there is a relationship 
between cytotoxicity and physicochemical 
properties of ZnO–NPs such as particle size and 
surface charge [29]. 
It was found that the smaller ZnO particles show 
higher cytotoxic effects compared to larger 
particles and also the shape of the particles plays 
an important role in these properties [30, 31]. In 
addition, some studies report that the cytotoxic 

effect of ZnO–NPs also depends upon pH triggered 
intercellular release of Zn ions and the proliferation 
rate of mammalian cells [32-35]. 
The above mentioned studies also found a 
significant reduction in the viability detected by 
the MTT assay. 
In the study, higher concentrations showed higher 
response. Therefore, the doped ZnO-NPs for their 
implications can be used in cancer therapy [36].

CONCLUSION 
Pure and group-I element doped ZnO-NPs were 

synthesized by the sol-gel method using gelatin as 
a bio-polymeric agent. XRD results showed that all 
of nanoparticles calcined at 500 °C exhibited high 
purity with hexagonal (wurtzite) structure. The 
crystallite size range of 38 to 48 nm and particle 
size range of 95 to 150 nm were obtained for the 
pure and doped ZnO-NPs. Based on the above 
mentioned and the results for cytotoxicity, it can 
be concluded that this is an interesting synthesis 
method in which the green chemistry rule is 
applied and extended in the preparation of pure 
and doped nanoparticles without special physical 
conditions. These nanoparticles could be used 
in different fields such as optical and medical 
applications.
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