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ZnO nanorods were prepared using dimethylamine (DMA) controlled Sol-
Gel process. Dimethylamine was added as an additive to control the sol-gel 
process for growing ZnO nanorods. DMA would exhibit stabilizing effect, 
promote dissolution of precursor and control the rate of sol-gel reactions 
because of its basic nature and significant miscibility. The Structural and 
microstructural properties of the powders were characterized by X-Ray 
Diffractometer (XRD), Field Emission Scanning Electron Microscopy 
(FESEM) and Transmission Electron Microscopy (TEM). FESEM and 
TEM analysis revealed that the ZnO powder prepared were nanorods in 
nature. The optical properties of powders were characterized by UV-Visible 
and Photoluminescence (PL) spectroscopy. The Structural, morphological, 
optical and photoluminescence properties of so obtained ZnO powders 
consisting of nanorods were studied. DMA is simple amine but found to 
be very effective to control the aspect ratio of nanorods. The role of DMA 
in growing wurtzite structured hexagonal ZnO nanorods with [0001] 
orientation was interpreted and growth mechanism of ZnO nanorods was 
explained. 

INTRODUCTION
Zinc oxide (ZnO) has become one of the 

most important functional material with unique 
properties, such as, wide direct band gap (Eg 
= 3.37 eV, n type), high transparency in visible 
and IR region, intrinsic dipole moment in its 
Wurtzite structure - responsible for polarity in 
basal (Zn/O) terminated planes and formation of 
preferred orientation [1], electric conductivity, 
piezoelectricity etc. More interestingly, ZnO 
nanostructures exhibit fascinating morphologies, 
such as, nanorods [2], nanotubes [3] and 
nanowires [4] etc. Due to these properties, ZnO 
has found vast commercial applications, such as, 
solar cells [5-6], photo detectors [7], light emitting 

diodes [8] , ultraviolet Lasers [9], optical modulator 
wave guide [10], chemical gas sensors [11] etc. 
Various fabrication techniques have, therefore, 
been employed to grow ZnO nanowires [12- 32]. 

Among the chemical methods, sol-gel 
process is of great interest due to its simplicity, 
reproducibility, cost effectiveness and having no 
need of critical conditions in terms of pressure, 
vacuum or temperature. One of the components of 
the ZnO sol-gel process is the additive, commonly 
known as stabilizer that has different roles such as 
reacting with precursor, facilitating the formation 
of nanorods. Aliphatic amines could be widely 
used as additives in sol-gel process because of their 
basic nature, significant miscibility with organic 
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solvents like alcohols, exhibiting stabilizing effect, 
promoting dissolution of precursor, controlling 
the rate of sol-gel reactions, lowering the chance 
of impurities to contaminate ZnO structure. 
Dimethylamine (DMA) has been used first time 
in the present investigation as an additive in sol-
gel process to synthesize nanorods. To the best 
of our knowledge, any researches concerning the 
effect of DMA as an additive on sol-gel behavior 
and properties of DMA controlled sol-gel derived 
ZnO nanorods has never done before. In present 
investigation, the effect of variation of amount 
of DMA added into zinc acetate solution on 
the behavior of sol-gel process and hence on 
the growth morphology of ZnO nanostructures 
have been studied. Using characterization 
techniques, the influence of DMA on structural, 
microstructural, optical and photoluminescence 
properties is studied.

MATERIALS AND METHODS 
Experimental procedure

ZnO nanorods were prepared through 
sol-gel process. AR grade Zinc acetate (ZA-
(Zn(CH3COO)2·2H2O)) was used as zinc source 
and dimethylamine (DMA- (CH3)2NH)) was used 
as an additive to control the sol-gel process. 40 
ml zinc acetate (2.25M) and 50 ml DMA (2.25M) 
solutions were prepared in double distilled water. 
Different samples were prepared by adding slowly 
different amounts of DMA into 40 ml zinc acetate 
solution with continuous stirring and heating at 
600C. The final solutions gave either precipitate 
or sol depending on the amount of DMA added 
into the starting solution of zinc acetate. The 
experiments were conducted by varying the ratio 
of DMA solution to zinc acetate solution as: 1:40, 
1:20, 1:13, 1:10, 1:8, 1:7, 1:5, 1:2.  Of these eight, 
first four ratios (1:40, 1:20, 1:13, 1:10) did not give 
either the precipitation or the sol. From latter 
four ratios (DMA to zinc acetate), the 1:8 ratio 
gave immediate precipitation and the ratios: 1:7, 
1:5, 1:2 gave soft gel, proper gel and dense gel 

respectively. The so obtained precipitate and each 
sol ( gel after aging) were dried at 200 0C for 4 h and 
then fired at 500 0C for 1 h. The powders obtained 
from the ratios: 1:8, 1:7, 1:5, 1:2 were referred to 
as: S1, S2, S3 and S4 respectively. Proper gel was 
formed when the ratio was 1:5 ( 8 ml DMA solution 
added into 40 ml zinc acetate solution). This was 
the optimum condition for formation of proper 
gel. The experimental conditions are summarized 
in Table 1.

Experimental Characterization techniques 
employed to study the samples

The samples: S1, S2, S3 and S4 were studied 
using various characterization techniques. X-ray 
diffraction (XRD) technique (D8ADVANCE Bruker 
AXS) was employed to characterize the orientation 
and crystallinity of ZnO nanostructures using Cu 
Kα radiation with a wavelength 1.5418 Å. Field 
emission scanning electron microscope (FE-SEM: 
Hitachi S-4800- coupled with energy dispersive 
(EDAX)) spectrometer was used to analyze the 
morphology and chemical composition of the ZnO 
nanostructures. Transmission electron microscopy 
(TEM ) was used to obtain exact particle size 
of the material. Optical studies, using UV-Vis 
spectrophotometer (Shimadzu UV-2450), were 
performed in the wavelength region 300- 600 
nm to determine the band gap energy of the 
sample powders. Photoluminescence spectra 
of the samples were recorded on Fluorescence 
spectrometer (LS 55, Perkin-Elmer) with excitation 
wavelength of 310 nm.

RESULTS AND DISCUSSION
Structural properties using X Ray Diffraction 
technique

X-ray diffraction spectra of S1, S2, S3 and 
S4 samples are represented through Figs. 1(a), 
1(b), 1(c) and 1(d) respectively. Observed XRD 
peaks of all samples match with peaks reported 
in standard JCPDS data (JCPDS 36-1451). The 
XRD spectra confirmed the sample powders to 

Sample DMA (ml)     ZA (ml) DMA: ZA Ratio Gel Status             Gel Setting time 

S1 5 40 1:8 Immediate ppt 5 min 

S2 6 40 1:7 Soft gel 60 min 

S3 8 40 1:5 Proper gel 30 min 

S4 20 40 1:2 Soft gel 21 days 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The experimental conditions to get ZnO nanostructures of different morphologies.
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be the wurtzite phase of ZnO. The observed 
relative intensities of the peaks are larger than the 
intensities of corresponding peaks of the standard 
JCPDS card measured from randomly oriented 
powder samples. It may be due to preferred 
orientation of the sample planes. The degree of 
preferred orientation in case of (002) plane can be 
determined by the relative texture coefficient (TC) 
[33], which is given by equation (1):

TC002 =  
I002/Io002

I002/Io002+I101/Io101
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                        (1)

where TC002 is the texture coefficient of 
diffraction peak (002) over (101), I002 and I101 
are measured intensities of peaks due to (002) 
and (101) planes respectively and I0002 and I0101 
are corresponding intensities of peaks reported 
by standard JCPDS card for randomly oriented 
ZnO powder. The TC of randomly oriented 
material is 0.5, while the TC values calculated 
for S1, S2, S3 and S4 samples are: 0.56, 0.56, 
0.52 and 0.52 respectively. These values indicate 
that the structure of ZnO nanostructures may 

have a preferential orientation along the c axis. 
Average particle sizes of samples S1, S2, S3 and 
S4 calculated by using Debye-Scherrer Formula 
are: 10.70 nm, 11.59 nm, 14.65 nm and 13.24 nm 
respectively.  

 
Morphological properties using FESEM

Figs. 2(a), 2(b) 2(c) and 2(d) show the FESEM 
images of samples S1, S2, S3 and S4 respectively. 
The inset in each FESEM represents the image at 
lower magnification.

Table 2 gives details regarding morphology of 
nanostructures associated with the samples S1, 
S2, S3 and S4.

Major portion of the powder sample S1 consists 
of nanorods (Fig. 2(a)) and remaining portion of the 
powder consists of elliptical or spherical shaped 
nanoparticles. Well faceted hexagonal shaped 
rods with pyramidal shapes (6 faces) at both ends 
are clearly indicated in   Fig. 2(a). This morphology 
is matching well with wurtzite hexagonal structure 
of ZnO nanorods. Powder sample S1 was the result 
of immediate precipitation. Precipitation was 

Fig. 1. (a) XRD Spectrum of S1  (b) XRD Spectrum of S2 (c) XRD Spectrum of S3 (d) XRD Spectrum of S4

              

  

Figure 1(c) XRD Spectrum of S3     Figure 1(d) XRD Spectrum of S4 

 

(a) (b)

(c) (d)
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resulted in first 15 minutes. Nanorods found in 
precipitate may be due to preferential orientation, 
high mobility of Zn2+ and O2- ions and fast growth 
along c axis. Elliptical shaped nanoparticles may 
be the indication of the tendency of ZnO to grow 
preferentially along c axis. Nanorods of good 
aspect ratio (9.6) were obtained in sample S1.

Elliptical shaped nanoparticles as well as 
nanorods are the constituents of sample S2 (Fig. 
2(b)). The nanostructures were resulted from soft 
gel. It may be due to better mobility to building 
blocks (Zn2+, O2- or smaller nuclei) to reach to 
growth sites of nanorods. Aspect ratio up to 7.0 
was possible in this process.

  Major portion of powder sample S3 is made 
up of spherical and elliptical shaped nanoparticles 

and remaining portion is made up of nanorods and  
hexagonal platelets as indicated in FESEM image 
(Fig.2(c)). Maximum value of aspect ratio was 
found to be 2.31. Lower aspect ratio may be due 
to smaller mobility of feed material (Zn2+, O2-) in 
dense gel from which the sample S3 was derived.

Effect of relatively large amount of DMA (20 
ml) in zinc acetate (40 ml) was observed in case 
of sample 4 (ratio of DMA:ZA solution- 1:2). The 
aging time of gel was too long (21 days). The sol-
gel product in beaker was observed to be very 
soft. Therefore, the mobility of feed material (Zn2+, 
O2- ) would have been larger forming nanorods in 
powder. Maximum value of the aspect ratio was 
observed to be largest (12) as compared to other 
samples.

Fig. 2. (a) FESEM image of sample S1 (b) FESEM image of sample S2 (c) FESEM images of sample S3 (d) FESEM images of 
sample S4

    

    

Figure 2 (c) FESEM images of sample S3              Figure 2 (d) FESEM images of sample S4 
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Energy Dispersive Analysis by X-rays (EDAX)
The quantitative analysis of samples was made 

using EDAX arrangement attached to FESEM. 
Table 3 shows the atomic percentage (at%) of 
zinc and oxygen constituent ions present in each 
ZnO sample. Stoichiometrically expected atomic 
percentage (at%) of zinc and oxygen constituent 
ions in ZnO is:  Zn2+ = 50% and O2- = 50%. It is 
clear from Table 3 that the samples S2 and S4 
are stoichiometric and samples S1 and S3 are 
nonstoichiometric with oxygen deficiency. Almost 
all peaks associated with EDAX curves are ascribed 
to Zn and O elements. Thus the as-synthesized 
samples are composed of Zn and O elements only 
which is in good agreement with XRD.

The ZnO nanostructured powder samples S2 
and S4 were obatined from soft gel which may 
facilitate higher mobility of growth spaces (Zn2+, 
O2-) to reach to growth sites of nanostructures 
associated with them and may establish the 
stoichiometric levels forming stoichiometric 
powders. The powder sample S1 was resulted due 
to fast process of precipitation and there would 
have been insufficiet time for growth spaces (O 
2-) to reach to growth sites resulting into non-
stoichiometry in terms of oxygen deficiency. The 
sample S3 was obtained from properly formed 
high density gel. The mobility of oxygen growth 
spaces (O 2-) to reach to growth sites would have 

been relatively lower due to high density of gel 
resulting into non-stoichiometry in terms of 
oxygen deficiency.

Morphological properties using TEM
Figs. 3(a), 3(b) and 3(c) show the TEM images 

of sample S1 and Figs. 3(d), 3(e) and 3(f) show the 
TEM images of sample S3. 

It is clear from TEM images that the particles 
associated with the powder samples S1 (Figs. 
3(a) and 3(b)) and S3 (Figs. 3(d), 3(e)) are 
nanostructures. It can be seen that the powders 
mainly consists of solid rod like structures. The 
length of a typical rod in Fig. 3 (b) is around 
600 nm and the diameter is around 60 nm. 
Fig. 3 (d) shows short nanorods or elongated 
nanoparticles. Figs. 3 (c) and 3(f) are the TEM 
images indicating electron diffraction from 
S1 and S3 nanostructure powder samples 
respectively. Electron diffraction from associated 
particles is the evidence of crystalline nature 
of the nanoparticles. HRTEM image in Fig. 3 (e) 
shows parallel fringes indicating inter planes 
perpendicular to the [0001] orientation of the 
nanorods. The inter planer distance (as indicated 
in Fig. 3(e)) was observed to be 0.37 nm. The 
measured inter planer distance is observed to be 
larger than the expected (0.28 nm). It may be due 
to nonstoichiometry of S3 sample.   

 

 

Sample Name Morphology of Nanostructures in ZnO powder Aspect Ratio 
Major portion of the powder Minor portion of the powder Maximum Minimum 

S1 Nanorods Elliptical/ Spherical nanoparticles 9.6 3.3 
S2 Nanorods Elliptical/ Spherical nanoparticles 7.0 2.0 
S3 Elliptical/ Spherical 

nanoparticles 
Nanorods 2.3 1.4 

S4 Nanorods Elliptical/ Spherical nanoparticles 12.0 7.0 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. gives details regarding morphology of nanostructures associated with the samples S1, S2, S3 and S4.

 

 

 

 

 

 

 

Sample Name at % Stoichiometry 

Zn 2+ O 2- 

S1 66.98 33.02 Non-stoichiometric                                                                                          
(Oxygen deficient) 

S2 49.90 50.10 Stoichiometric 

S3 58.98 41.02 Non-stoichiometric                                                    
(Oxygen deficient) 

S4 50.63 49.37 Stoichiometric 

Table 3. Quantitative elemental analysis of powder samples.
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Optical Properties of the ZnO samples
The UV-Vis absorbance spectra of ZnO samples 

are shown in Fig 4. The band gap energies (Eg) of 
S1, S2, S3 and S4 samples were observed to be : 
3.47 eV, 3.42 eV, 3.4 eV and 3.47 eV respectively. 
Observed values of band gap energies (Eg) are 
larger than reported value (Eg= 3.3 eV). The 
blue shift in absorption edge may be due to 
nanocrystalline nature of all ZnO samples.

Photoluminiescence (PL) Studies
Fig. 5 represents the room temperature PL 

spectra of S1, S2, S3 and S4 samples with excitation 
wavelength of 310 nm. The photoluminiescence 
peaks between 352 to 360 nm (very weak) may 
correspond to ultraviolet emmision due to decay 
of electrons in conduction band to holes in valance 
band. The peak at 409 nm may be due to near 
band emmision (NBE). The PL peaks arising in the 
range 423-460 nm (423nm, 446nm, 460nm) in the 
samples may be attributed to doubly ionized Zn 
vacancies (Vzn2-). The peak at 484 nm gives green 
emmision and it may be due to deep donar states 

of oxygen vacancies (Vo). The weaker peak at 518 
nm may also corresponds to green emmision due 
to oxygen vacancies (Vo). The peak 542 nm may be 
due to deep level defects: Ozn or Oi. The PL peaks 
at 564 nm and 571 nm give yellow emmision and 
may be due to ionized Oi transioin [34].

Growth Mechanism of ZnO nanorods
Synthesis of solid materials via sol-gel 

process often involves wet chemistry reactions. 
In sol-gel process, a molecular precursor in 
homogeneous solution undergoes a succession 
of transformations: (i) hydrolysis of molecular 
precursor, (ii) polymeraization via successive 
addition of ions – forming hydroxyl, (iii) 
condensation by dehydration, (iv) nucleation and 
(v) growth. In presnt investigation, DMA was used 
as an additive in zinc acetate solution for obtaining 
ZnO nanorods from sol-gel process. DMA reacts 
with precursor, facilitates the formation of 
complexes, promotes and stabilizes the sol. The 
ZnO nanorods  were synthesized by precipitation 
/ by sol-gel depending upon the amount od DMA 

     

 

 

 

     

   

 

 

 

 

 

 

 

Fig. 3. (a), 3(b), 3(c), 3(e) and 3(f):  TEM images of sample S1.
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added into zinc acetate solution. The mechanism 
of formation of ZnO nanorods and their formation 
mechanism may be demonstrated by schemes 
given in equations (2-8) below: 

 Ionization of precursors: Zinc acetate, DMA and 
water.

 

 

(CH3)2NH + H2O  (CH3)2 H2N+ + OH- 
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Hydrolysis: Hydrolysis of Zinc acetate becomes 
more pronounced in presence of DMA

 

 

Zn(CH3COO)2+ OH-   Zn(OH) (CH3COO) + CH3COO-   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                     

 

 

Zn(OH) (CH3COO) + OH-   Zn(OH)2 + CH3COO-   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                     (5)

 

Zn(OH)2 + 2 OH-  ↔ [Zn (OH)4]2-   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Condensation

 

 

 

[Zn (OH)4]2-  + (CH3)2 H2N+   (CH3)2 H2N+  - [Zn (OH)4]2- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(CH3)2 H2N+  - [Zn (OH)4]2-   ZnO + H2O + 2OH- (aq) +(CH3)2 H2N+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Zn(OH)4]2- (aq) → ZnO(s) + 2OH- (aq) + H2O(aq)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
                                                                                     (8)

The [Zn (OH)4]
2-  ions would be  produced 

(rather than Zn(OH)2 precipitates) when amount 
of DMA solution added into the solution of zinc 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  UV-Vis absorbance spectra of  S1, S2, S3 and S4 ZnO samples.

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Fig. 5. Photoluminiescence spectra of S1, S2, S3 and S4 ZnO samples.
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acetate (40 ml) was more than 5 ml (6 ml, 8 ml, 
20 ml). Notably, the [Zn (OH)4]

2- ions may exist as 
spherical clusters because of steric effects and the 
hydrophilicity of the hydroxyl groups. Next, ZnO is 
formed in addition to two hydroxyl ions and one 
water molecule. The ZnO nuclei coalesce in order 
to decrease the total surface energy of the system. 
These agglomerates grow to form ZnO (Reactions: 
5, 6, 7 and 8). 

When 5ml  DMA solution was added into 
the solution of zinc acetate (40ml ),  Zn(OH)2 
precipitation would be obtained (Reaction 4). 
The condensation of two molecules of Zn (OH)2 
may be expressed as (eqs 9-11) : 

HO-Zn-OH+ HO-Zn-OH  HO-Zn-O-Zn-OH + H2O  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For three molecules of Zn (OH)2, 

HO-Zn-O-Zn-OH +HO-Zn-OH  HO-Zn-O-Zn-O-Zn-OH + H2O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For n molecules of Zn (OH)2, there will be poly-
condensation as follows: 

HO- (Zn-O-Zn)n-1-OH + HO-Zn-OH  HO- (Zn-O-Zn)n-OH+ H2O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The samples S1, S2, S3 and S4 were dried 
at 200 0C and heated at 500 0C for 1 h to obtain 
nanostructured ZnO powder (eq. (12)).

Reaction product 
500 ℃
→     n ZnO + H2O 

Reactions 2 and 3 represent an ionization of 
zinc acetate and DMA molecules. DMA triggers 
dissociation of water molecules into H+ and OH- 

ions at low temperature (60 0C). OH- ions are most 
important to initiate hydrolysis of zinc acetate to 
form [Zn (OH)4]

2-  ions (Reactions 4 and 5). [Zn 
(OH)4]

2- exists in the form of negatively charged 
tetrahedrons, whereas DMA exists in the form of 
positively charge ions. In neutral or weakly basic 
solution, the starting material Zn(OH)2 dissolve to 
smaller extent and dissolve part exists in the form 
of [Zn (OH)4]

2- (reaction 5). Polarity and basicity 
of DMA tend to induce formation of tetrahedral 
shaped [Zn(OH)4]

2-. Zinc hydroxide formed in 
reaction tends to continuously produce Zn 2+ and 
O 2-ions which form the ZnO nuclei. The nuclei 
gradually grow in lateral as well as in longitudinal 
directions. Basal planes ((0001) and (0001)) of 
hexagonal wurtzite crystals have minimum energy 
associated with them. This may be the driving 
force for growing the crystallites along c- axis and 
result into nanorods. Growth rate of basal planes 
would be larger as compared to the planes forming 
hexagonal rods. According to the growth habits of 

ZnO crystals, it is bounded by positively charged 
Zn terminated (0001) top facet, negatively charged 
O terminated (0001) bottom facet and six (0110) 
side facets. Positively charged and negatively 
charged polar faces attract newly formed zinc 
oxide [Zn(OH)4]

2- species as well as OH- ions 
towards it. The growth units like polaron, are easy 
to incorporate on positively charged Zn terminated 
(0001) and negatively charged O terminated (0001) 
surfaces due to dipole interaction. So, polar faces 
grow along c-axis resulting into nanorods. The 
difference of surface energy of each face of ZnO 
polar crystal leads to the coalescence of primary 
particles in specific crystallographic orientation 
such as one directional growth forming larger 
secondary particles as evidenced in the formation 
of ZnO nanorods. Growth of ZnO nanorods may be 
due to coalescence and oriented attachment (OA) 
[35] of primary particles.  

ZnO nanorods of high aspect ratio were 
possible using DMA controlled sol-gel process. The 
variation of DMA as an additive in sol-gel process 
has changed the length and diameter (aspect 
ratio) of the nanorods. Depending upon the 
amount of DMA added into zinc acetate solution,  
the precipitate, soft gel or properly formed dense 
gel resulted.  Majority of the particles were 
spherical or elliptical shaped in properly set dense 
gel and minority were the nanorods. In soft gel 
or in precipitate, majority of the particles were 
the nanorods and minority were the spherical or 
elliptical shaped particles. Thus, by controlling the 
viscosity of sol-gel with the use of DMA, diffusion 
and hence mobility of growth units, spherical 
nanoparticles, elliptical spheroids, or wurtzite 
structured hexagonal nanorods with [0001] 
orientation may be synthesized. DMA accelerates 
the growth units (Zn2+ and O2-) and leads to their 
oriented growth. Growth of ZnO particles with 
various morphologies may be correlated the fact 
that when concentration of amine increases, 
viscosity of liquid phase decreases and thus 
diffusion rate of growth species increases. When 
concentration of DMA increases, viscosity of liquid 
phase would decrease and thus diffusion rate of 
growth species would increase. 

 DMA also acts as microsurfactant. Due to its 
surfactant property, surface tension of solution 
reduces which decreases the energy needed to 
form a new phase. Reduction in surface energy is 
the primary driving force for oriented attachment 
(OA) based growth. Therefore, nucleation of 

(9)

(12)
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ZnO could be possible in lower supersaturation. 
Initially, ZnO would nucleate in the form of very 
small elongated nanoparticles. Morphology of the 
crystallites grown under this condition would be 
the nanorods as shown in FESEM images. 

The texture coefficient of the samples calculated 
from XRD spectra are observed to be larger than 
the texture coefficient ( 0.5 ) of randomly oriented 
material. These observations also support the 
preferential orientation along c axis and hence the 
growth of ZnO nanorods. Blue shift of absorption 
edge also gives evidence of nanocrystalline nature 
of nanorods.

Few of the particles associated in S1, S2 ,S3 
and S4 samples (as depicted in FESEM images) are 
observed to be elliptical or spherical nanoparticles. 
Elliptical nanoparticles represent the tendency of 
ZnO to grow along c direction. Size of spherical 
particles, as clearly seen in FESEM images, is 
observed to be very small. Such particles would 
have not got sufficient feed in turns of Zn2+ or O2- 

to grow enough to represent themselves as larger 
elliptical nanostructures or nanorods.

CONCLUSIONS
In summary, ZnO nanorods of high aspect ratio 

were synthesized using DMA controlled sol-gel 
process. DMA is simple amine but found to be very 
effective to control the aspect ratio of nanorods. 
The variation of DMA as an additive in sol-gel 
process changed the length and diameter (aspect 
ratio) of the nanorods. Depending upon the 
amount of DMA added into zinc acetate solution, 
the precipitate, soft gel or properly formed dense 
gel was resulted.  Majority of the nanostructures 
present in powder were spherical or elliptical 
shaped nanoparticles in properly set dense gel 
and minority were the nanorods. In soft gel or in 
precipitate, majority of the nanostructures were 
the nanorods and minority were the spherical 
or elliptical shaped nanoparticles. Thus, by 
controlling the mobility of growth units (Zn2+ and 
O2-) with the use of DMA, nanoparticles, elliptical 
spheroids, or wurtzite structured hexagonal 
nanorods with [0001] orientation may be 
synthesized. Observed aspect ratio was more than 
0.5, indicated the preferential growth along c-axis. 
The blue shift in absorption edge indicated the 
nanocrystalline nature of the particles associated 
in all samples. Use of DMA as an additive in sol-
gel process influenced structural, morphological, 
optical and photoluminescence properties of ZnO 

nanostructures.
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