
SYNTHESIS AND CHARACTERIZATION 

OF ZnO NANOCRYSTALS IN STARCH MATRIX 

 
СИНТЕЗ И ОПРЕДЕЛЕНИЕ ХАРАКТЕРИСТИК ZnO НАНОКРИСТАЛЛОВ 

В МАТРИЦЕ КРАХМАЛА 

 
Assos. Prof. Dr. Vasileva P. 

Faculty of Chemistry and Pharmacy, University of Sofia “Saint Kliment Ohridski”, Bulgaria 

 E-mail: pvasileva@chem.uni-sofia.bg 

 

Absract/Резюме: Gel matrix of the natural polymer starch has been employed as template for the preparation of ZnO nanocrystals via 

solution-solid technique. The template offers selective binding sites for Zn(II) under aqueous conditions. Controlled solvent-exchange, 

further isolation of solid product by microfiltration and drying, and subsequent removal of the template backbone enable the synthesis of 

spatially separated ZnO nanocrystals. The crystalline character and near narrow particle size distribution pattern have been confirmed 

through powder XRD measurements and TEM with SAED observation. The morphology, surface and optical properties of ZnO sample were 

characterized by SEM observation, BET-surface area, UV–Vis and PL spectra. The UV photocatalytic activity of ZnO nanocrystals was 

studied by analyzing the degradation of methylene blue in aqueous solution. The nanosized ZnO sample showed greater photocatalytic 

activity than commercial TiO2 (P25) photocatalysts. The size and shape factor seems to be of great importance in the observed 

photocatalytic performance. 
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1. Introduction/Введение 

Nanoparticles of semiconductors such as titanium dioxide (TiO2), 

zinc oxide (ZnO), iron oxide (Fe2O3), and cadmium sulfide (CdS) 

have attracted extensive attention as a photocatalyst for the 

degradation of organic pollutants in water and air [1,2]. The 

dispersion and surface area of oxide nanomaterials, which depend 

on the synthesis method, are important factors for determining its 

photocatalytic activity [3]. The design and synthesis of such 

nanoparticles have centered on techniques such as sol–gel [4], 

chemical coprecipitation [5], microemulsion [6] etc. Most of 

these techniques result in aggregation of nanoparticles during 

synthesis. Copolymer templates have been efficiently used to 

host chemical reactions. They have the advantage of avoiding 

nanoparticle clustering and also providing stable frameworks 

against chemical degradation [7]. Use of copolymer templates 

has been reported for the synthesis of iron oxide nanoparticles 

such as maghemite [8], cobalt ferrite [9] and magnetite [10]. 

There is an increasing interest in the use of green resources for 

nanoparticle synthesis. The metal nitrate was added into the 

starch solution, and heated the mixture to form gel; the porous 

metal oxide was prepared when the starch was burnt off at air. 

Starch has been reported as a capping agent during the 

preparation of iron oxide through the precipitation of ferric salts 

as its hydroxide using triethylamine [11], or by precipitating 

amixture of ferric and ferrous salts [12]. Polysaccharides have 

also been employed to modify the surface characteristics of the 

nano iron oxides generated [13]. Starch gel has been used as 

template to obtain macroporous material and film [14, 15].The 

work presented here reports the use of gel matrix of the natural 

polymer starch as template for the synthesis of ZnO nanocrystals 

via solution-solid technique. The template offers selective 

binding sites for Zn(II) under aqueous conditions. Controlled 

solvent-exchange, further isolation of solid product by 

microfiltration and drying, and subsequent removal of the 

template backbone by controlled heat treatment enable the 

synthesis of spatially separated ZnO nanocrystals. X-ray 

Diffraction (XRD), scanning and transmission electron 

microscopy (SEM and TEM), BET-surface area, UV-Vis 

absorption and photoluminescent (PL) spectroscopy have been 

used to characterize the nanoparticles. The UV photocatalytic 

activity of ZnO nanocrystals was studied by analyzing the 

degradation of methylene blue (MB) in aqueous solution. 

 

2. Preconditions and means for resolving the 

problem/Предпосылки и средства для решение 

проблемы 

Synthesis of nanosized ZnO without using a protective agent was 

a problem. Due to the high polarity of water, ZnO nanoparticles 

cause an immediate agglomeration during synthesis with water 

due to the Vander wall forces of attraction. To prevent 

agglomeration, soluble starch has been used in the literature. The 

quick helical forms of the soluble starch protect and prevent the 

ZnO nanoparticles from agglomeration by the action of steric or 

electrostatic hindrance and stabilizing the ZnO nanoparticles. 

Unlike earlier reported methodologies where natural 

polysaccharides and polymers have been employed for 

encapsulation or capping of metal oxides generated by 

precipitation methods [10–13], this work reports the binding of 

the Zn(II) center to sites in the polymer, thereby obtaining a 

spatial separation of the Zn(II) centers. The long-chain 

biopolymer forces the nucleation and the initial growth of the 

crystallites to occur preferentially on polysaccharides backbone, 

inside regions of high concentrations of starch and Zn(II), 

controlling the self-assembly of the 3-D architectures (Fig. 1). 

 

Figure 1. Role of starch template 

 

3. Experimental part/Експериментальная част 

3.1. Synthesis/Синтез (Fig. 2) 
All reagents and solvents were of analytical grade (Sigma-

Aldrich) and were used as received without further purification. 

In a typical synthesis, soluble starch (30 g) was dissolved in 100 

mL hot distilled water. Zinc nitrate, Zn(NO3)2.6H2O, 29.749 g 

(0.1 mol), was added in the above solution. During heating on a 
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magnetic stirring and heating apparatus at 90–100 ◦C under 

stirring, the template––zinc(II) mixed solution gradually became 

highly viscous. The gel solution was maintained at that 

temperature for 180 min, after which it was cooled to room 

temperature and aged at 4 C for 48 h (solution-phase stage). 

Then the solvent was replaced with ethanol and the “solid” 

formed was separated from the mother solution by microfiltration 

(MILIPORE 0.2 μm); the sample was denoted ZnO_F. For 

comparison, other solid sample is obtained by decantation of the 

mother solution instead of microfiltration; the sample was 

denoted ZnO_NF. The solid was dried at 80°C for overnight and 

then calcinated from room temperature to final temperature (600 

◦C) in an air atmosphere. The product was kept at the maximum 

temperature for 240 min (solid-phase stage). 

 

Figure 2. Schematic procedure for synthesis of ZnO 

 

3.2. Characterization/Определение характеристик 

The morphological characterization was carried out by scanning 

electron microscope (SEM) observation using a JEOL JSM-5510 

apparatus. The TEM investigations were performed by TEM 

JEOL 2100 with an accelerating voltage of 200 kV. The 

specimens were prepared by dispersing the nanocomposite 

powder in ethanol under ultrasonic treatment for 6 min. The 

suspensions were dripped on standard carbon/Cu grids. The 

specific surface area of the sample was determined by nitrogen 

adsorption at the boiling temperature of liquid nitrogen (77.4 K) 

using a conventional volume-measuring apparatus. The X-ray 

diffraction (XRD) analysis was carried out on a Siemens powder 

diffractometer model D500 using CuKα radiation in a 2Θ 

diffraction interval of 25 to 85. The refinement with Powder 

Cell software was used to identify the crystallographic phases 

present and to calculate the crystal lattice parameters and 

crystallite sizes (by Scherrer equation) from the XRD patterns. 

The UV-Vis absorbance spectra and photoluminescent spectra 

were recorded using Evolution 300 spectrometer (Thermo 

Scientifc, USA) and Perkin Elmer MPF44 spectrofluorimeter, 

respectively. All measurements were performed in a 1 cm quartz 

cell. 

 

3.3. Photocatalytic test/Фотокаталитический тест 

The photocatalytic activities of the obtained ZnO samples was 

evaluated evaluated in the photocatalytic degradations of 

methylene blue (MB) dye in aqueous solution. In each 

experiment, 0.1 g catalyst was dispersed in 100 mL of an 

aquesous solution of MB (10 mg/L). Prior to UV light 

illumination, the suspension was magnetically stirred in the dark 

for 30 min to reach adsorption equilibrium. After stirring in the 

dark, the suspension was irradiated with 18-W UV light-tube 

(365 nm) under continuous magnetic stirring. At a given time 

interval, the suspension solution was collected to measure the 

UV-Vis absorbance of MB in order to measure the residual 

concentration of MB. Before analysis, the aqueous samples were 

centrifuged at 10 000 rpm to remove any suspended solid ZnO 

particles. As a comparison, the photocatalytic activity of 

commercially available Degussa P25 TiO2 was also tested under 

the same experimental conditions. 

 

4. Results and discussion/Результаты и 

обсуждение 

4.1. SEM characterization/SEM характеристик  
SEM analysis of the ZnO_NF and ZnO_F samples was 

done and the micrographs are presented in Fig. 3a, b and 

Fig. 3c, d, e, respectively. Fig. 3a clearly indicates that a 

network formation from agglomerated nanoparticles has 

taken place at ZnO-NF sample. Similarly, in Fig. 3b shows 

that a particle aggregation at the sample ZnO_F has been 

taken place. From the micrographs, it can be guessed that 

the particles of both samples are irregular in shape with the 

presence of nanorods in ZnO_F sample, but it is not 

possible to predict the exact sizes of the individual 

particles, which can be done through TEM analysis. The 

surface area studies showed that the prepared ZnO_F and 

ZnO_NF samples had specific surface area of 49 m
2
/g and 

29 m
2
/g, respectively. 

 
 

 
 

 
 

Figure 3. SEM micrographs of ZnO samples obtained with and 

without microfiltration step 

 

4.2. TEM and XRD characterization/TEM и XRD 

характеристик 

ZnO_NF

ZnO_F

a b 

c d 

e 
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The morphology and structure of the ZnO_F sample were further 

investigated by TEM. It is clearly seen from the TEM image (Fig. 

4) that ZnO_F powder consists of both nanoparticles and 

nanorods as seen in the SEM. The corresponding selected-area 

electron diffraction (SAED) pattern shows spotty rings pattern 

without any additional diffraction spots and rings of second 

phases, revealing highly crystalline ZnO wurtzite structure. All 

the XRD peaks in the X-ray diffraction patterns of the ZnO 

samples are indexed by hexagonal wurtzite structure of ZnO 

(JCPDS card 36-1451 (Fig. 5), which is in agreement with 

electron diffraction results (inset in Fig. 5). The peak broadening 

in the XRD patterns clearly indicates that small nanocrystallites 

(with average sizes of 21 nm and 24 nm for ZnO_F and ZnO_NF, 

respectively) are present in the samples. Broadening along with 

decreasing the intensity of diffraction peaks for the sample 

obtained with microfiltration step is observed due to the 

decreased crystallite size of ZnO_F samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. TEM micrograph of ZnO_F sample; inset: 

corresponding selected-area electron diffraction (SAED) pattern 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. XRD patterns of ZnO samples 

 

4.3. UV-Vis absorption spectra 

The prepared ZnO nanopowders were first dispersed in 

double distilled water and then UV-VIS absorption 

characteristics of the ZnO nanoparticles were measured 

(Fig. 6). The excitonic absorption bands is observed due to 

the ZnO nanoparticles at 369 nm and 374 nm for ZnO_F 

and ZnO_NF, respectively, which lies below the bandgap 

wavelength of 388 nm (Eg = 3.2 eV) of bulk ZnO. 

 

 

Figure 6. UV-Vis absorption spectra of ZnO samples 

 

4.4. Photoluminescent spectra 

Room temperature PL spectra of the nanocrystalline 

ZnO_F sample measured in dichloromethane and ethanol 

dispersions are shown in Fig. 7a and Fig. 7b, respectively. 

Xenon laser of 325 nm was used as an excitation source.  

 
 

 
Figure 7. PL spectra of ZnO_F sample 

 

Both PL spectra mainly consists of four emission bands: a strong 

UV emission band at ~385 nm (for C2H2Cl2 dispersion) and 395 

nm (for C2H5OH dispersion), a weak blue band at ~425 nm, a 

week blue–green band at 485 nm, and a green band at 530 nm 

[17]. The strong UV emission corresponds to the exciton 

recombination related near-band edge emission of ZnO [18-21]. 

The weak blue and weak blue–green emissions are possibly due 

to surface defect in the ZnO powders as in the case of ZnO 

nanowires reported by Wang and Gao [22]. The week green band 

emission corresponds to the singly ionized oxygen vacancy in 

ZnO, and this emission results from the recombination of a 

photo-generated hole with the singly ionized charge state of the 

specific defect [23–25]. The low intensity of the green emission 

200 300 400 500 600 700 800
0,4

0,8

1,2

1,6

2,0

 

 

A
b

s
o

rb
a
n

c
e
, 
a
.u

.

Wavelength, nm

 

 

 ZnO_NF

 ZnO_F

350 400 450 500 550 600

 

 

In
te

n
s
it

y
, 
a
.u

.

  ZnO-F

in CH2CH2 solution
385 nm

425 nm

485 nm

530 nm

Wavelength, nm

350 400 450 500 550 600

425 nm
 

 

In
te

n
s
it

y
, 
a
.u

.

  ZnO_F

in C
2
H

5
OH solution395 nm

485 nm
530 nm

Wavelength, nm

20 30 40 50 60 70 80

In
te

n
s

it
y

, 
c

/s

2theta, deg

 ZnO_NF

 ZnO_F

JCPDS 36-1451 1
0
0
 

0
0
2
 

1
0
1
 

1
0
2
 1

1
0
 

1
0
3
 

1
1
2
 

2
0
0
 

0
0
4
 2
0
1

 

2
0
2
 

Dav = 21 nm 

Dav = 24 nm 

a 

b 

INTERNATIONAL SCIENTIFIC JOURNAL "MATERIALS SCIENCE. NON-EQUILIBRIUM PHASE TRANSFORMATIONS" WEB ISSN 2534-8477; PRINT ISSN 2367-749X

YEAR II, ISSUE 4, P.P. 26-29 (2016)28



may be due to the low density of oxygen vacancies during the 

preparation of the ZnO powders, whereas the strong room 

temperature UV emission intensity should be attributed to the 

high purity with perfect crystallinity of the synthesized ZnO_F 

sample. 

 

4.5. Photocatalytic performance 

With irradiation under UV light (365 nm), the characteristic 

absorption of MB at λ = 665 nm decreases gradually, and finally 

disappears within 90 min in the presence of all nanocatalysts 

studied, while in the absence of light or catalyst, the 

concentration of MB has no obvious change for long time (Fig. 

8a). The results show that both light and catalyst are necessary 

for the effective photodegradation of MB dye. Photocatalytic 

tests reveal faster initial degradation with ZnO nanocrystals 

obtained with microfiltration step than ZnO sample obtained 

without microfiltration step in spite of higher UV-Vis absorption 

of ZnO_NF. The ZnO nanocrystals obtained with microfiltration 

step have shown to be better photocalysts for the degradation of 

methylene blue dye under UV irradiation, compared to the 

Degussa P-25 TiO2 commercial photocatalyst. The degradation 

percentage of MB is about 60% after irradiation for 30 min, and 

the total degradation of MB by all nanocatalysts studied is 

achieved for 90 min (Fig. 8b). The result implies that the ZnO_ F 

nanocatalyst, prepared with microfiltration step, is a superior 

photocatalyst to Degussa P25 for photodegradation of the dye. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Photodegradation curves of MB by different catalysts 

 

5. Conclusions/Заключения 

5.1. Gel matrix of the natural polymer starch has been employed 

as template for the preparation of ZnO nanoparticles via solution-

solid technique. Controlled solvent-exchange, further isolation of 

solid product by microfiltration and drying, and subsequent 

removal of the template backbone enable the synthesis of 

spatially separated zinc oxide nanocrystals with smaller 

crystallite size and higher surface area. 

5.2. The crystalline character of ZnO and near narrow particle 

size distribution pattern have been confirmed through powder 

XRD measurements and TEM with SAED observation. The 

average crystallite size of the particles obtained was found to be 

in the range of 21-24 nm irrespective of the nature of the 

template. The morphology, surface and optical properties of ZnO 

samples were characterized by SEM observation, BET-surface 

area, UV–Vis and PL spectra. 

5.3. The UV photocatalytic activity of zinc oxide nanoparticles 

was studied and compared with TiO2 (P25) by analyzing the 

degradation of methylene blue (MB) in aqueous solution. The 

nanosized ZnO sample exhibited efficient photocatalytic 

activities for the degradations of aqueous solution of MB. The 

size and shape factor seems to be of great importance in the 

observed photocatalytic performance. 
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