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Abstract: Nanocrystalline ZnO has been synthesized through a citrate gel decomposition technique. The technique was modified by 

addition of additives such as ethylene glycol and CDTA (1,2 Cyclohexylenedinitrotetracetic acid). The conditions for obtaining 

nanocrystalline ZnO have been optimized. The influence of interaction additives-precursor gels on the evolution of structural features 

and particle morphology of ZnO have been studied by Infra red spectroscopy, thermal analysis TG-DTA & SEM. These properties of 

ZnO powders have been further supported by XRD. X-ray diffraction patterns showed the formation of wurtzite structure. The SEM 

analysis revealed that the morphologies of the as prepared ZnO were nanocrystalline, spherical in shape. When ethylene glycol is used 

as an additive particle size was found to be equal to 54 nm and in case of CDTA the particle size was 50 nm. It is found that additives 

addition was not much  influencing the formation of ZnO nanostructure.   
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1. Introduction  
 

Zinc oxide (ZnO) is a II-VI semiconductor material with 

band gap energy of 3.35 eV and a higher free exciton 

binding energy of 60 meV. Presently, development of ZnO 

nano structures such as nano scale spherical particles, tubes, 

rods, arrays, sheets and hollow spherical particles have been 

given more importance due to their useful properties, such as 

optical absorption and emission [1], conductivity [2], 

photocatalyst [3] and sensitivity to gases [4]. Various ZnO 

nanostructures have been synthesized and utilized as gas 

sensors, such as nanoparticles [5], nanorods [6,7], nanowires 

[8,9], nanobelts [10], nanoplates [11] hollow spheres[12], 

nanoflakes[13]and shuttle like nano micro 

rods[14].Chemical methods such as hydrothermal, 

solvothermal and sol gel synthesis techniques have been 

reported extensively for preparation of nano ZnO [15,16]. 

Combustion synthesis is capable technique for obtaining 

ZnO powders with controlled size and shape [17]. However, 

in this technique, the various processing parameters such as 

the oxidizer to fuel ratio, chemical nature of the starting 

precursor [e.g nitrates, sulphates and acetates], fuel source, 

pH of the precursor solution and the mode of heating have to 

be carefully optimized for producing fully crystalline ZnO 

nano particles. For example, when glycine was used as the 

fuel, hexagonal nanocrystalline ZnO was obtained [18]. 

Combustion synthesis and microwave method [19] were 

used to prepare citrate gel conventionally. When the 

combustion synthesis was applied to zinc metal, zinc nitrate 

and glycine mixtures, resultant ZnO morphology varied 

from rods, needles to tetra-pods [20]. ZnO nanopowder was 

prepared by using different fuels like glycine, Urea & citric 

acid [21] Citrate nitrate process was also used in the 

preparation of nanoparticles of oxide [22]. Lot of work has 

been reported on use of citric acid as ligand in ZnO 

preparation in other words pechini method for preparation of 

zinc oxide is much exploited [23]. In the present study, 

combustion synthesis has been considered  by using citric 

acid and zinc nitrate as fuel and oxidizer and ethylene glycol 

and CDTA (1,2 Cyclohexylenedinitrotetracetic acid) as 

additives. The effect of additives on the ZnO nanostructure  

and particle morphology have  been studied.   
 

2. Experimental 
 

Materials  
All reagents used were AR grade, Zn(NO3)2.4H2O, citric 

acid & ethylene glycol from S. d fine & CDTA from  Merck  

were used as such without further purification. 

 

Synthesis 

 

Method 1 In a typical experiment, Zn(NO3)2.4H2O and 

citric acid reactants in the mole ratios 1:2 and dissolved in a 

known quantity of ethylene glycol. The reactant solutions 

were mechanically stirred for almost 18 hrs at 110
o
C (until 

gel formation).  From the TG analysis, it was established 

that a temperature of at least 500
o
C was required to obtain 

fully-crystalline ZnO. Dried gel precursor was then sintered 

at 470
o
C for 3h.Sample was coded as A. Fig. 1 flowsheet 

shows the synthesis of A. 

 

Method 2 In a typical experiment, Zn(NO3)2.4H2O and 

citric acid reactants in the mole ratios 1:2 and dissolved in a 

known quantity of CDTA. The reactant solutions were 

mechanically stirred for almost 18 hrs at 110
o
C (until gel 

formation). From the TG analysis, it was established that a 

temperature of at least 500
o
C was required to obtain fully-

crystalline ZnO. Dried gel precursor was then sintered at 

510
o
C for 3h.Sample was coded as B. 

 

Fig. 2 flowsheet shows the synthesis of B. 

 

Instrumentation 
The infrared (IR) spectra were recorded on a Shimadzu  DR  

8031  using KBr pellet technique in the range of 400–4000  

cm
-1

.To understand the complete thermal decomposition of 

the gels, the dried precursor gel was subjected to thermo 
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gravimetry [TG] using a TG/DT-50H (SHIMADZU, Japan) 

at a constant heat flow of 10Kminutes
-1

 in an air atmosphere 

up to 600
o
C The crystalline nature and phase evolution of 

the as prepared and calcined ZnO powders were studied by 

powder X-ray diffraction using a Philips, X’pert Pro with a 

monochromator on the diffraction beam side (Cu Kα 

radiation, λ = 0.154 nm). The crystallite size of the powder 

was calculated using Scherer’s equation [24]. The 

morphology of ZnO powder was probed using scanning 

electron microscopy (SEM). The SEM studies were carried 

out by a JEOL 5600 SL-SEM, operated at 15 KV. 

 

3. Result & Discussion  
 

The citrate gel decomposition process is better known as a 

thermally induced anionic oxidation-reduction reaction [25]. 

When citric acid is mixed with precursor salt in an aqueous 

solution in specific ratios or concentrations, chelates are 

formed between metal ions facilitating atomic scale 

distribution of ions in a polymer network. Heating of this 

resin causes the breakdown of the polymer and a solid 

amorphous precursor material is finally obtained. On 

subsequent heating between 500 to 900
o
C,  cations are 

oxidized to form the respective metal oxides [25]. 

 

Fig 3 & 4 shows the IR spectrum of A & B. IR spectrum of 

A shows few peaks prominently showing characteristic 

bands of Zn-O vibrations which appear at 444 and 457 cm
-1 

and broad peak around 3500 cm
-1 

  which can be assigned to 

the presence of the O-H stretching mode of hydroxyl group 

[26].  For B more absorption peaks other than between 400- 

500cm
-1

 are observed. The bands at 1249 and 1037 cm
-1

 

could be attributed to nitrate ions. A weak band at 1242  and 

1612 cm
-1

, indicative of the presence of residual organic 

compounds. These bands were no longer observed as the 

materials were calcined at 700℃ reported by [27, 28] 

suggesting the decomposition of the residual material of the 

synthesis process.  

 

The TG curves obtained for sample A and B are shown in 

Fig. 5 & 6. Three major decomposition steps were observed. 

In the first step a drastic mass loss occurred up to 240
o
C. At 

this temperature melting of the citric acid fuel followed by 

the decomposition are usually expected. Precisely, the citric 

acid melting is seen at 157
o
C but it decomposes strongly 

between the temperatures 215 to 220
o
C. The mass loss is 

also associated partly with the dehydration of the free water 

molecules present in the gel network. The total mass loss of 

10 % is seen in the first stage. The second step mass loss of 

61% took place between 240 to 370
o
C and in this 

temperature range, the decomposition of metal complexes to 

metal hydroxides, decomposition of free nitrates, formation 

of by products such as ammonium citrate were expected to 

occur. Nitrates thermally decompose below 350
o
C with the 

evolution of nitrogen oxides [NO2, NO and N2O5] [29]. The 

TG pattern confirms that there is no major mass loss above 

540
o
C. Although the citric acid undergoes almost complete 

gasification below 400
o
C, the thermal analysis data in air 

shows the combustion of a small amount of carbonaceous 

material at 471
o
C. The third stage above 400

o
C is associated 

with the loss of free carbon as CO2 and dehydroxylation of 

zinc hydroxide into ZnO. As evidenced from the curve, an 

intermediate decomposition between 250 to 300
o
C is crucial, 

because at this range the nitrate and citrate gel networks 

collapse and primary zinc hydroxide nuclei formation starts 

in the precursor gel mass. The nuclei size formed should be 

controlled because it gets converted to crystalline ZnO upon 

further calcination. TG analysis, confirmed that the 

precursor gel became fully-crystalline ZnO powders only 

above 400
o
C. According to Farbun et al [30] Zn(C6H7O7)2  

which is formed in compound is unstable and above 250
o
C 

decomposes to itaconic acid and zinc citraconate ZnC5H4O4,  

ethylene glycol containing precursors require higher thermal 

treatment temperatures.  Which can also be proved on the 

basis of TG curves TG curve of A shows 90% 

decomposition whereas curve B shows mass loss 100%. 

Surprisingly Curve B shows 100% decomposition where a 

multidentate ligand like CDTA is used.  

 

From TG-DTA it is understood that ZnO is formed at 470
o
C 

when ethylene glycol is used as an additive and at 510
o
C 

when CDTA is used. Mass loss %, DTA Temperature, 

crystallite diameter & Particle size obtained from SEM is 

shown in Table 1. It looks additives are not helping much in 

reducing the formation temperature of ZnO but from SEM 

data it looks that surface morphology and particle size gets 

altered. The powder crystallanity is confirmed from the X-

ray diffraction analysis as presented in Fig. 7 & 8 Both 

samples possess the ZnO wurtzite structure [31, 32, 33]. 

Without any other impurity peaks, characteristic ZnO peaks 

are clearly observed at 36.2°, 31.7°, 34.3°, 47.5°, 56.5°, 

62.8°, 66.3°, 67.8° and 69.0°, corresponding to the (101), 

(100), (002), (102), (110),  (200), (112), (201) and (004) 

planes, respectively. The crystallite size is calculated from 

the Scherer’s  formula as 37 nm for A & 50 nm for B. When 

CDTA is added as an additive the crystallites tend to 

agglomerate as a porous chain structure shown by the SEM 

images,  where as when ethylene glycol was used as an 

additive fine spherical nanocrystals were formed with 

particle size 54 nm for A and 50 nm for B. SEM 

micrographs for A & B are shown in Fig. 9 & 10. In B 

uniform spherical morphology was not observed, but a 

porous structure was observed. Thus showing addition of 

CDTA as an additive helps in developing porous ZnO 

structure and altering the surface morphology. 

 

4. Conclusion 
 

ZnO was synthesized successfully by using Zinc nitrate, 

citric acid with ethylene glycol and CDTA as additives. IR 

spectra confirms the presence of Zn-O bond in between 400-

500 Cm
-1

. TG-DTA curve shows that ZnO was formed at 

470
o
C when ethylene glycol was used as an additive and at 

510
o
C when CDTA was used. It looks additives are not 

helping much in reducing the formation temperature of 

nanocrystalline zinc oxide. From XRD patterns formation of 

wurtzite phase was confirmed, crystallite diameter from 

XRD was found to be 37 & 50nm and from SEM particle 

size was found to be 54 & 50 nm.  
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Table 1: Showing TG/DTA data with crystallite diameter and Particle size 

Samples                                                                         

                                                                                       TG% 
 DTA  

Temp oC 

Crystallite  

diameter nm   

Particle  

size  nm 

   A         

Step I                                        10 

 470  37  54 Step II                       61 

Step III 25 

    B         

Step I                        14 

 510 50 50 Step II                      77 

Step III                     22 

 

 
Figure 1: Showing flowsheet for the preparation of ZnO  A 

 

 
Figure 2: Showing flowsheet for the preparation of ZnO B 
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Figure 3: Infra red spectra of A 

 
Figure 4: Infra red spectra of B 
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Figure 5: TG/DTA of ZnO A 

 
Figure 6: TG/DTA of ZnO B 

 

 
Figure 7: XRD of ZnO A 
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Figure 8: XRD of ZnO B 

 

 
Figure 9: Scanning electron micrograph of ZnO A 

 

 
Figure 10: Scanning electron micrograph of ZnO B 
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