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ABSTRACT 

Zinc oxide (ZnO) nanoparticles (NPs) have been synthesized by co-precipitation method using 
various concentrations of L-valine as surface modifying agent. All these samples of ZnO NPs were 
calcined with slow heating rate at 6000C for two hours for the removal of L-valine. UV-visible 
spectroscopy has been utilized to characterize calcined and uncalcined ZnO NPs. Fourier transform infra-
red spectroscopy confirmed the role of L-valine as surface modifier. Particles sizes of all uncalcined and 
calcined NPs have been calculated using Effective Mass Approximation method. ZnO NPs capped with          
L-valine before calcination exhibit very narrow particle size distribution (7 to 8 nm) whereas particle size 
increased (upto 18 nm) after removal of L-valine through the process of calcination. In both uncalcined 
and calcined ZnO NPs, particle size decreased for ZnO NPs synthesized using largest concentration of          
L-valine. X-ray diffraction analysis confirms the formation of pure phase wurtzite hexagonal ZnO NPs. 
Morphological studies have been performed using field emission scanning electron microscopy and 
transmission electron microscopy techniques. 
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INTRODUCTION 

Particles in nano range have high surface to volume ratio and show very interesting 
properties, which are of scientific and technological importance1-7. Zinc oxide is very 
interesting and promising material because of its wide band gap nature, natural abundance 
and non-toxicity. Band gap may be further increased as we decrease the particle size. These 
wide band gap nanostructured ZnO semiconductor materials show promising applications in 
nonlinear optics, optoelectronic devices, sensors devices etc.8-13. ZnO has a room 
temperature band gap of 3.3 eV and high exciton binding energy of 60 meV. It has got 
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technological importance because of its high mechanical and chemical stability, good optical 
and thermal properties in addition to its natural abundance and non-toxicity. ZnO 
nanoparticles (NPs) can be synthesized by various methods, among which polyol or amino 
acid assisted synthesis technique is mostly favored14. Surface modifying agents have very 
important role in controlling the particle size and in avoiding the agglomeration of NPs. 
After successful synthesis of de-agglomerated NPs, surface modifiers can be removed by the 
process of calcination at slow heating rate by which de-agglomerated nanostructures can be 
retained. 

Amino acids belong to an important class of water soluble organic surface modifying 
agents that play critical role in the synthesis of narrow range NPs. They are commercially 
available, inexpensive and non-biohazard materials. Researchers have demonstrated the use 
of L-histidine and L-cysteine as capping agents for semiconducting nanomaterials. We have 
used amino acids as a capping agent in our previous works15-18. The amino group has a loan 
pair of electrons and capable of forming hydrogen bonds19,20. 

In this paper, we report synthesis of ZnO NPs by using L-valine as surface 
modifying agent. ZnO NPs with particle size of 7 nm can be effectively synthesized by using 
L-valine. These NPs were calcined at 600oC for the removal of capping agent. Effect of 
presence and absence of capping agent is studied by characterizing uncalcined and calcined 
ZnO NPs by UV-visible spectroscopy. Powder X-ray diffracttometry (XRD) has been 
utilized for the structural evaluation of ZnO NPs. Morphological studies have been 
performed using field emission scanning electron microscopy (FESEM) and transmission 
electron microscopy (TEM). 

EXPERIMENTAL 

Synthesis of ZnO NPs 

ZnO NPs were synthesized using co-precipitation method. All chemicals used were 
of analytical reagent grade and used without further purification. Zinc chloride (ZnCl2) AR 
grade and sodium hydroxide pellets (NaOH) AR grade were procured from SD-fine 
Chemicals, Mumbai. L-valine was purchased from Sigma Aldrich, USA.  

Firstly, solutions of 1M ZnCl2, 2M NaOH and 1M L-valine were prepared in double 
distilled water in separate beakers. Double distilled water was used as a solvent for the 
synthesis of ZnO NPs. Then four samples of ZnO NPs containing different concentrations of 
L-valine capping agent were prepared. For synthesis of pure ZnO NPs (sample name ZnO-
Pure), 5 mL of 1M ZnCl2 was dissolved into 100 mL double distilled water and it was stirred 
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for 30 min using magnetic stirrer at room temperature. Then 5 mL of 2 M NaOH was added 
drop wise into this solution, which immediately resulted into white precipitate. ZnO NPs 
capped with L-valine has been synthesized by adding and stirring L-valine before addition of 
NaOH in the solution. Three such samples were synthesized by adding 1 mL (sample name 
ZV1), 2 mL (sample name ZV2) and 5 mL (sample name ZV5) L-valine into the solution 
and precipitate were recovered after drop by drop addition of NaOH. 

The precipitate was then separated using centrifuge machine at 4000 rpm (REMI 
Model-4RC) for 30 min and washed 2-3 times with double distilled water. White precipitate 
was dried in an electric oven at 100oC for 2 hrs and fine particles were obtained after grinding 
in agate mortar. Table 1 shows the samples prepared by using different concentrations of            
L-valine. All samples were calcined in the muffle furnace at 600oC for 2 hrs. 

Table 1: Details of synthesized ZnO NPs 

Sample 
name 

ZnCl2 
1M 

NaOH 
2M 

L-valine 
1M 

State of sample 

ZV1 5 mL 5 mL 1 mL Uncalcined 

ZV2 5 mL 5 mL 2 mL Uncalcined 

ZV5 5 mL 5 mL 3 mL Uncalcined 

ZV1C 5 mL 5 mL 1 mL Calcined at 6000C 

ZV2C 5 mL 5 mL 2 mL Calcined at 6000C 

ZV5C 5 mL 5 mL 3 mL Calcined at 6000C 

Characterization 

All samples of ZnO NPs were subjected to structural and morphological 
characterization by X-ray diffraction (XRD) using Rigaku diffractometer Miniflex II with 
nickel filtered CuKα radiation (λ=1.5406 Å) at a scan rate 0.50 min-1 and angle 2θ ranging 
from 10 to 70˚; transmission electron microscopy (TEM) using JEM-2100 HR-TEM (Make-
JEOL, Japan; operating voltage 200kV) and field emission scanning electron microscopy 
(FE-SEM) using Hitachi S-4800, Japan at an operating voltage 15kV. Ultraviolet-visible 
(UV-vis) spectroscopy was performed using UV-visible spectrophotometer (BLK-C-SR, 
Stellarnet, USA) in the wavelength range 190-1100 nm. Fourier transform infra-red              
(FT-IR) spectra were recorded using IR double beam spectrophotometer, 8400S-Shimadzu, 
Japan.  
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RESULTS AND DISCUSSION 

UV-visible study 

Figs. 1 and 2 show UV-visible spectra for calcined and uncalcined samples of ZnO 
NPs as described in Table 1. From the figure, it is evident that maximum absorption takes 
place at 346 nm, 344 nm and 341 nm for the uncalcined samples ZV1, ZV2 and ZV5, 
respectively. Maximum absorption peak shifts towards ultraviolet region as the 
concentration of capping agent was increased. Thus, use of capping agent in controlling the 
particle size is evident. Calcined samples also follow the same trend of increased band gap 
and decreased particle size for ZnO NPs synthesized using largest concentration of L-valine. 
Increase in the band gap gives clear indication of formation of nanoparticles. In case of 
calcined NPs, maximum absorption peaks shit towards higher wavelength, which is evident 
from Fig. 2. The particle size is calculated from UV-visible spectra by using effective mass 
approximation (EMA)21. The EMA formula can be stated as: 
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Where Eg is band gap energy for NP, Ebulk is energy gap for bulk semiconductor, me
*  

and mh
* are effective electron and hole mass (for ZnO, me

* = 0.19 m0, mh
* =   0.21 m0). γe is 

Bohr exciton radius, εr is relative dielectric constant and εo is dielectric constant of air. Data 
calculated from EMA model is summarized in Table 2. 

Table 2: Optical data calculated from UV-visible spectra of calcined and uncalcined 
ZnO NPs 

Sample  name 
Particle Size (nm) 

EMA model XRD TEM 

ZnO-Pure 20   

ZV1 8   

ZV2 7.5   

ZV5 7 8 7 

ZVC1 13   

ZVC2 16   

ZVC3 18 21  
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Fig. 1: UV-visible spectra of uncalcined ZnO NPs 
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Fig. 2: UV-visible spectra of calcined ZnO NPs 
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FT-IR spectroscopy 

The functional groups and bonding structure of ZnO NPs capped with L-valine 
samples were investigated by FT-IR spectroscopy. The FT-IR spectrum has been recorded 
using powder KBr pellet method. Small fraction of powder sample of ZnO NPs capped with 
L-valine (sample ZV5) is mixed with KBr and a pellet is formed. The pellet is subjected to 
IR measurements. Fig. 3 shows FT-IR spectra of ZnO NPs capped with L-valine. Peaks 
assignments are summarized in the Table 322,23. 

Table 3: FT-IR peak assignments 

Peaks (cm-1) Assignments 

3221 Asymmetric CH2 stretching 

2109 Combination of CH3 bending 

1400 HCH bending 

1085 CH3 bending 

1029 CH3 bending 

846 OH torsional bending 

773 CO2 bending 

712 C-C stretching, C=O bending 
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Fig. 3: FTIR spectrum of L-valine capped ZnO NPs 
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Structural studies using XRD 

Figs. 4 and 5 show XRD pattern of uncalcined and calcined ZnO NPs. All diffraction 
peaks can be indexed in hexagonal crystal structure with cell parameter a = 3.264 Å and          
c = 5.219 Å (JCPDS file No. 79-0208). The peaks obtained at 2θo values of 31.62, 34.33, 
36.12, 47.33, 56.31, 62.64, 66.03, 67.64, and 68.73 can be attributed to the planes (100), 
(002), (101), (102), (110), (103), (200) and (112), respectively.  
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Fig. 4: L-Valine capped ZnO (Without calcination) 
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Fig. 5: L-valine capped ZnO (After calcination) 

Diffraction peaks are broadened that can be seen from the profile, which confirms 
the nanocrystalline nature of zinc oxide. XRD pattern also confirms the high purity of 
nanocrystals as no peak related to impurity is observed24. Considering the spherical nature, 
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particle size of these NPs are calculated by Debye-Scherrer formula, d = kλ/(β cos θ); where 
k is a constant (k = 0.93) and β is width of the diffraction peak at half maxima. 

Morphological studies using FESEM and TEM 

ZnO NPs capped using L-valine have been subjected to FESEM and TEM. Fig. 6 
shows FESEM micrographs and Fig. 7 shows TEM images of ZnO NPs. All micrographs 
attest the formation NPs having uniform morphology.  

     
Fig. 6: FESEM micrographs of ZnO NPs 

    

    
Fig. 7: TEM micrographs of ZnO NPs 
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CONCLUSION 

ZnO NPs were successfully synthesized using L-valine as surface modifying agent. 
XRD analysis confirms the formation of pure phase hexagonal nanocrystals of ZnO. No 
impurity peaks were seen in the XRD pattern. By choosing proper concentration of L-valine 
as a capping agent, particles of narrow size distribution (7 to 8 nm) can be synthesized. After 
the process of calcination, there is no significant increase in the particle size of ZnO NPs. 
Particles having such narrow size distribution are capable of showing properties due to 
quantum size effect and quassi-quantum size effect. The synthesized NPs were characterized 
by UV-visible spectroscopy and particle size for various samples were calculated using 
EMA theory. FT-IR analysis confirms the role of L-valine as capping agent. FESEM           
and TEM investigations attest the formation of ZnO NPs with uniform morphology.          
Particle sizes calculated using EMA theory and XRD analysis agree with FESEM and TEM 
images. 
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