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In this work, ZnO mesoporous were first time fabricated by an economic and fast sol-gel 

method at room temperature using 2.3-dihydroxysuccinic acid as a catalyst.The formed gel 

was annealed at 523, 623, 723 and 823 K for one hour. The synthesized ZnO mesoporous 

were characterized by different techniques. The obtained data confirmed that the prepared 

materials were wurtzite ZnO mesoporous with different surface area in the 109.7 to 

7.48m
2
/g range and mean diameter of 16.03 to 25.03 nm after annealing at different 

temperature. Furthermore, the BET isotherms obtained were of type IV with a hysteresis 

type H3, which are characteristics of a mesoporous material. The SEM micrographs 

revealed that the particles size increase with rise in annealing temperature. The vibration 

band of stretching mode of pure ZnO was shifted to lower wavenumber due to annealing 

from 523 to 823K.  

 

(Received January 15, 2016; Accepted March 17, 2016) 

 

Keywords:ZnO, sol-gel, 2.3-dihydroxysuccinic acid, annealing and BET surface area 

 

 

1. Introduction 
 

Recently, zinc oxide has fascinated scientists and technologist, due to its direct bandgap of 

3.37 eV and large exciton binding energy of 60 meV at room temperature[1,2]. In addition to its 

photosensitivity, structural stability, strong oxidizing ability and non-toxicity[3,4]. These 

properties extend its great potential employment in photocatalysis[5], light emitting devices [6], 

fluorescence enhancing [7], photo – electrochemicals [8] microsensors[9]and other applications. 

Besides that, this semiconductor can be photoactive either under ultraviolet, visible or solar light 

illumination. This property is essential to promote material for the removal of chemical pollutants, 

existing in water.  Consequently, there are great research efforts to prepare and enhance ZnO 

characteristics.  

Several methods (physical or chemical) have been adopted to prepare the ZnO 

nanoparticles, such as sol-gel [10], spray pyrolysis [11], microwave irradiation [12], chemical 

vapor deposition [13], pulsed laser deposition [14], hydrothermal [15-17] and aqueous solution 

precipitation [18]. The most important and more common method to prepare nanoparticles is the 

sol-gel method, because of its simple and low cost [19]. In the sol-gel method, many preparation 
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parameters may influence the properties of the final nanomaterials: the nature of precursors, the 

solvents used, the pH, the nature of the catalysts used in addition to the annealing temperature and 

its duration. Among all of these parameters, we looked at the last two, first time use of the 2.3-

dihydroxysuccinic acid as a catalyst in the sol-gel method and studying the effect of annealing 

temperature.  

Thus in this study, ZnO nanoparticles have been prepared by using 2.3-dihydroxysuccinic 

acid as a catalyst. The obtained products were annealed at four different temperatures and  

characterized by Brunauer–Emmett–Teller method (BET), scanning electron microscopy (SEM), 

X-ray diffraction analysis (XRD), Fourier transform infrared (FTIR). The effect of annealing 

temperature on the morphology, the chemical bonding and the surface area was studied 

extensively.  

 

 

2. Experimental 
 
2.1 Preparation of ZnO photocatalysts 

Zinc acetate dihydrate (Zn(CH3COO)2.2H2O), absolute methanol 99.99%, 

2,3.dihydroxysuccinic acid (CHOH-COOH)2 were purchased from Panreac and all chemicals were 

utilized without further purification. A certain amount of zinc acetate was dissolved in a 75 ml of 

methanol and stirred at 400 rpm for 30 minutes.  The 2.3-dihydroxysuccinic acid catalyst was 

dissolved in approximately 45ml of distilled water and stirred for 30 minutes. The solution of 2.3-

dihydroxysuccinic acid was added dropwise to the mixture. Under vigorous magnetic agitation a 

white gel was rapidly formed at room temperature and then oven dried at 358 K for16 hours. The 

obtained powder was grinded prior to annealing in a tubular furnace at different temperatures 

ranging from 523 to 823K for one hour. 

 

2.2 Characterization of ZnO photocatalysts 

The surface area and porosity of photocatalysts were determined using a Micrometrics 

ASAP 2020 apparatus, (Degas temperature: ambient to 200C
0
 for 20 minutes with pressure range 

from 0 to 950 mmHg). The structure, crystallinity and average particles size of photocatalysts were 

determined by the powder X-ray diffraction patterns, the XRD pattern of the samples were 

recorded by a diffractometer (D8 Advance Bruker ) using Cu-Kα radiation, λ = 0.15406 nm, 

accelerating voltage is 40kV and 20-80° as scanning angle. The morphology of the nanopowder 

samples was examined by a scanning electron microscope. The samples were previously oven 

dried at 105 °C and coated with a thin film of gold to provide ZnO powder surface with electrical 

conduction. The mode of chemical bonding in the prepared samples were studied by Fourier 

transforms infrared spectroscopy (Model: Nicolet 6700) in the range 4000 - 400 cm
-1

 with a 

resolution of 4 cm
-1

.  

 

 

3. Results and discussion 
 

3.1 Surface properties 

Figs. 1 and 2 shows the nitrogen adsorption-desorption isotherms and BJH pore size 

distribution for pure ZnO photocatalysts annealed at the range of temperature from 523 to 823 K. 

All obtained isotherms, are Type IV corresponding to a capillary condensation according to 

IUPAC classification [20]. The hysteresis is Type H3 characteristics of a mesoporous material and 

did not exhibit limiting adsorption at high relative pressure (≈1) suggesting a slit-shaped pores. On 

the basis of results from figure 1, the adsorption of N2 on ZnO photocatalysts slightly increased 

from low relative pressure of about 0.02 to 0.65, 0.85 and 0.95 for higher TC (623, 723 and 823 K 

respectively) and then followed by a sharp rise until P/P0=1  due to substantial interparticle 

porosity [21].However, for the lowest TC (523 K), N2 adsorption is much more important and 

isotherm clearly increased from 0.02 to 0.4 with a large hysteresis loop indicating smaller pore 

size and higher surface area.  
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All desorption branches are different from adsorption ones indicating differences in their 

pore’s texture [22]. Barret-Joyner-Halenda (BJH) pore size distribution for all catalysts is shown in 

figure.2. All plots are located in the mesoporous range, which is in agreement with the adsorption 

isotherm of Type IV. BJH pore size distribution of photocatalyst annealed at TC= 523 K (inset) 

indicates different features to that of ZnO annealed at TC= 623, 723 and 823 K, specifically from 

average pore diameter centered at around 9 nm. This is the result of modification in pore texture. 

Based on these observations, we can suggest that the annealing temperature has a clear effect on 

the specific surface area and the pore size distribution of the ZnO photocatalysts (Table 1, SBET 

decreases from 109.7 to 7.48 m2/g when TC increases from 523 to 823 K). With the increase of 

the annealing temperature, we notice a remarkable decrease in the surface area which can correlate 

to a phenomenon of a pores clogging caused by possible aggregation occurring when the annealing 

temperature increases. 
 

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

 

 

V
o
lu

m
e 

ad
so

rb
ed

 (
cm

³/
g
 S

T
P

)

Relative Pressure (P/P
0
)

 T
A
= 523 K

 T
A
=  623K

 T
A
=  723K

 T
A
= 823K

 
Fig.1. Nitrogen adsorption-desorption isotherms of ZnO nanoparticles 

annealed at different temperatures. 
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Fig.2. Barret-Joyner-Halenda (BJH) pore size distribution of ZnO nanoparticles 

annealed at different temperatures. 

 

 

Table .1.BET surface area, pore volume and average pore diameter of ZnO nanoparticles  

annealed at different temperatures 

 

Samples BET Surface area 

(m
2
/g) 

Pore volume 

(cm
3
/g) 

Average pore diameter 

(nm) 

ZnO Samples 

         TC= 523 K 

 

109.7 

 

0.313 

 

9.96 

         TC= 623 K 22.13 0.194 33.53 

         TC= 723 K 13.21 0.158 39.8 

         TC= 823 K 7.48 0.053 44.03 
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3.2 Textural characterization by SEM 

Fig.3 (a-f) shows the SEM micrographs obtained for the as prepared ZnO (a) and annealed 

at different temperatures (b) 523K, (c) 623 K, (d) 723 K and (f) 823K. As can be seen from the 

figure, the shape of the nanoparticles has changed from a plate shape of the as prepared ZnO to 

spherical shape after annealing. There is a little increase in the agglomeration duethe temperature 

increase leading to a larger particle sizes. 

 

      
a)                                                b) 

 

       
    c)                                                d) 

 

 
e) 

 
Fig..3. SEM micrographs of (a) xerogel (b) ZnO T523K (c) T623K (d) T723Kand (f) 823K. 

 

 

3.3 X-ray diffraction of ZnO nanoparticles 

The XRD patterns for ZnO nanoparticles are displayed in (Figure.4). The results show 

broad peaks at position (31.61, 34.39, 36.11, 47.40, 56.52, 62.72, 66.29, 67.91 and 69.08 deg. as 2 

theta). These values are in good agreement with standard card (JCPDS 36-1451) file for ZnO and 

can be indexed as the hexagonal wurtzite structure. The influence of annealing temperature was 

observed on both intensity of XRD peaks and lattice parameters. In fact, as can be seen in the 

(Figure.4), the principal peak (101) intensity increases with TC and the shape of this peak becomes 

narrower indicating an increase of the particle size. The average crystallite size (D)was calculated 

using the Scherrer
,
s equation 1. [23]: 
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D =
0.9 λ

β cosθ
                                                                            (1) 

 

where λ is the wavelength of Cu Kα radiation, β is full width half maxima (FWHM) of the 

diffraction peak and θ is the Bragg peak angle. The average crystallite size and the lattice 

parameters of the prepared nanomaterials are presented in the Table.2.The average crystallite size 

of ZnO increased from 16.12 to 25.03 nm as the annealing temperature rise. These results are in 

good accordance with SEM micrograph and the BET measurements of specific surface area. 
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Fig.4. (a) XRD patterns of ZnO at 523, 623, 723 and 823K and (b) principal peak  

 

 
Table .2.Comparison of different Specimens 

 

Samples 2ɵ 

(degree) 

Crystallite size 

(nm) 

Lattice parameter (Ǻ) 

(a)            (c) 

c/a 

ZnO  Samples      

         TC= 523 K 36.1264 16.12 3.2732 5.2442 1.6022 

         TC= 623 K 36.2284 18.17 3.2608 5.2608 1.6133 

         TC= 723 K 36.2131 24.26 3.2491 5.2088 1.6031 

         TC= 823 K 36.0907 25.03 3.2628 5.2256 1.6016 

JCPDS 36-1451   
3.249 5.206 1.602 

 

  The d-spacing was calculated using the Bragg law: 





Sin
d

2
                                                                    (2) 

as well as the theoretical equation : 

2

2

2

22

2

)( 3

41

c

l

a

khkh

d hkl








 
                                      (3) 

 

that relates d to the lattice constants a and c. The data obtained were almost identical (Table 3). It 

can also be observed that there is a decrease of inter planar spacing (d) with annealing temperature.   
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Table .3: The dhkl for the samples annealing at different temperatures from experimental 

and theoretical calculations 

 

Sample d (Bragg) d (theoretical) Bond length 

523K 2.4843 2.4936 1.9920 

623K 2.4775 2.4881 1.9889 

723K 2.4786 2.4775 1.9793 

823K 2.4867 2.4856 1.9789 

 

 

The Zn - O bond length L is given by[24]. 

2

22

2

1

3
c

a
L 

















                                                               (4) 

Where is the measure of an atom displacement to the neighboring one along the "c" axis. The 

value of  is calculated by the equation: 25.0
3 2

2


c

a
 . From table 3 the L values obtained are 

in good agreement with the 1.9749 A
0
averagevalues reported by Taha et al. [25].  

 

3.4 Fourier transforms infrared studies (FTIR)  

The chemical bonding and formation of xerogel, ZnO T 523K and ZnO T 823K were 

confirmed by FTIR measurements at room temperature. The spectra are shown in (Figure.5) and 

the peaks results for three samples are presented in Table 3. The broad absorption band at 

3439.39cm
-1

 and1075.74 cm
-1

 are attributed to normal polymeric O-H stretching vibration of H2O 

in the lattice of three specimens [26]. Another sharp peak 1615.60 cm
-1

 is attributed to H-O-H 

bending vibration, which is assigned to a small amount of H2O in the ZnO nanocrystal [27]. The 

absorption band observed between 2300 and 2400 cm
-1

 are due to of the existence of CO2 molecule 

in air [28]. The vibration band at 451.02cm
-1

 is assigned to stretching mode of pure ZnO. This is 

shifted to lower with increase calcinations from T 523K to T 823K correspondingly. The spectrum 

of zinc 2.3-dihydroxysuccinate, a band at 1576.27cm
-1

 is attributed to C=O stretching vibration of 

the carbonyl group in addition to strong peak at 13990.53cm
-1

 is belong to C=O symmetric modes. 

The intensities at 1095cm
-1

, 990.19cm
-1

 and 888.18cm
-1

is due to C-H vibration modes. Whereas, 

the small peak intensity bond at 485.60cm
-1

 is corresponding to (O-Zn) zinc - oxygen bond [3].  
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Fig.6. FTIR of ZnO xerogel, ZnO at 523K and 823K nanoparticles 
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Table .4.  FTIR peaks and their Assignments for ZnO nanoparticles 

 

Assignments Wave number (cm
-1

) 

ZnO xerogel ZnO 523 ZnO 823 

O-H stretching 3410.63 3426.95 3431.37 

H-O-H bending vibration 1576.27 1594.85 1615.60 

Zn-O stretching 

C=O symmetric modes 

485.60 

1399.53 

504.21 

1419.36 

451.02 

----- 

 

 
4. Conclusion 
 

The ZnO nanoparticles were successfully synthesized by a sol-gel method in the presence 

of 2.3-dihydroxysuccinic acid as a catalyst and annealed at different temperatures. This procedure 

can be potentially useful for the preparation of other mesoporous catalysts with high stable yield. 

The N2 adsorption–desorption isotherms of the synthesized catalysts are identified as type IV and 

show a type H3 hysteresis indicating the presence of mesoporous. Specific surface area decreases 

with the annealing temperature because of the aggregation phenomenon occurring. XRD studies 

confirmed the dominant presence of hexagonal wurtzite ZnO phase at lower annealing temperature 

with preferential orientation (101) which gradually improves with increasing the annealing 

temperature. The crystallite size increases from 16.12 to 25.03 nm when the annealing temperature 

was increased from 523 to 823K.  
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