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condensation can be easily controlled by adjusting conditions of 

the reaction [11]. The process of capping has been obtained by the 

addition of organic molecule as capping agent with metal oxide 

nanoparticles thus leads to passivate the surface of the particles 

without agglomeration. 

In the present work, ZnO nanoparticles have been obtained in 

which the base material NaOH is used in presence of inorganic 

metal salts. Also, Glucose capped ZnO nanoparticles have been 

obtained by using NaOH with inorganic metal salts in addition to 

organic molecule (Glucose) as capping agent. X-ray diffraction 

analysis has been carried out to determine crystalline nature and 

phases of the prepared samples. Surface morphology has been 

analyzed using scanning electron microscopy. Optical absorption 

analysis has been carried out to find the band gap value of the 

prepared samples. Fourier Transform Infrared (FTIR) spectroscop-

ic analysis has been used to find out the presence of chemical 

bonds and elemental composition in the prepared samples. The 

effects of capping agent (Glucose) with ZnO on structural, mor-To whom correspondence should be addressed: 

*s_thanikai@rediffmail.com, †b_nataraj_b@rediffmail.com; ‡sjp@ier.unam.mx 

Transparent conducting oxides (TCO’s) found to exhibit some 

specific characteristics which make them interesting for various 

applications in Photovoltaic devices , Light Emitting Diodes and 

Solar cells [1, 2]. Besides, Zinc Oxide (ZnO) is a semiconductor 

with an energy gap of 3.3 eV, large exciton binding energy (60 

meV) thus leads to various application viz., optoelectronic devices, 

piezoelectric devices and chemical sensors [3-5]. Numerous tech-

niques have been used to prepare ZnO nanoparticles such as mech-

ano-chemical synthesis [6], metal alkoxide hydrolysis [7], hydro-

thermal [8] and sol-gel reaction process and so on[9, 10]. Synthe-

sis of metal oxide nanoparticles is currently interesting and its has 

been limited due to usage of organic compounds to obtain metal 

alkoxides using metallic salts as source of metals. When metal 

alkoxides are used as precursors, the rate of hydrolysis and poly-
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phological, compositional and optical properties of the prepared 

samples were investigated. 

The chemicals used in the present work were of AR grade rea-

gents (99.99% purity, purchased from Sigma Aldrich). Zinc acetate 

dihydrate Zn(CH3COO)2 and Sodium hydroxide (NaOH) were used 

as source materials, Glucose molecule as a capping agent for the 

preparation of ZnO and Glucose capped ZnO nanoparticles. The 

molarity of Zinc acetate was fixed as 0.3 M by carrying out the 

experiments at various molarity values in the range between 0.1 

and 0.3 M. The preparation of 0.3 M Zinc acetate solution was 

obtained by dissolving suitable amount of Zn(CH3COO)2 in double 

distilled water in 100 ml glass beaker. By the addition of an adjust-

able amount of 0.1 M NaOH the pH value of the reaction bath 

reaches 9.0 ± 0.1 leading to produce a white precipitate at the bot-

tom of the beaker. The resulting white precipitate was washed thor-

oughly with double distilled water followed by ethanol to remove 

the unwanted impurities present in it. Thereafter, the resultant prod-

uct was centrifuged at 10,000 rpm for 20 minutes. The powder 

sample was separated from the reaction bath and kept in vacuum 

dessicators. Thereafter the resulting white powder samples were 

dried in hot air oven at 150ºC for the time period of 3 hours. Simi-

lar procedure was carried out by the usage of commercially pur-

chased Glucose as capping agent for the preparation of Glucose 

capped ZnO nanoparticles. Similar experimental procedure was 

carried out for the preparation of ZnO and Glucose capped ZnO 

nanoparticles, which has been reported earlier [12]. 

The crystalline nature of the prepared powder samples was iden-

tified with the help of X-ray diffractometer (XPERT PRO PANa-

lytical, Netherland) using CuKα radiation (λ=1.5406 Å) and with 

step increment of 0.02º within the 2θ value in the range between 10 

and 80º. Surface morphology of the prepared samples was analyzed 

using a Scanning electron microscope (JEOL JSM 840). Optical 

absorption and transmittance measurements of the prepared sam-

ples were analyzed using an UV-Visible-NIR (Shimadzu Model 

200, Singapore) spectrophotometer within the wavelength range 

between 300 and 1100 nm. Fourier Infra Red spectroscopic analy-

sis was carried out using a FTIR (Shimadzu 8400S) spectrometer 

within the value of wavenumber range between 400 and 4000 cm-1. 

X-ray diffraction analysis has been carried out to find out the 

crystalline nature of the prepared powder samples. Figure 1 shows 

the XRD pattern recorded for ZnO and Glucose capped ZnO nano-

particles obtained at optimized condition. It is observed that the 

prepared samples are found to be polycrystalline in nature with 

hexagonal structure. The diffraction peaks of ZnO are found at 2θ 

values of angles 31.8, 35.01, 36.32, 47.53, 56.60, 62.86, 68.01 and 

76.20 degree corresponding to the lattice planes (100), (002), (101), 

(102), (110), (103), (112) and (202), respectively. The “d” values 

observed in the present work are found to be in close agreement 

with JCPDS ICDD file for hexagonal ZnO [13]. All the identified 

peaks are from ZnO and hence there is no observation of peaks 

corresponding to Zn and O, which are denoted in Figure 1a. It is 

observed that the intensity of (100) plane is found to be higher than 

all other peaks in the diffractogram indicating that the crystallites 

are preferentially oriented along (100) plane. On the other hand, 

there is change in preferential orientation of the plane from (100) to 

(101) and slight shift in the peak position for Glucose capped ZnO, 

which is denoted in Figure 1b. The observation of the broad peak at 

2θ value of 36.32 degree corresponding to a decrease in the value 

of crystallite size of the prepared samples may be due to the addi-

tion of Glucose molecule as capping agent [14]. The crystallite size 

of the prepared samples was determined using FWHM data and 

Debye Scherrer formula [15,16]. 

 
where, λ is the wavelength of CuKα target used (λ=1.5418 Å), β 

is the full width at half maximum of the peak position in radian and 

θ is the Bragg’s diffraction angle at peak position in degree. The 

value of lattice constants and stress for the prepared powder sam-

ples are determined using the following equations [17,18]. 
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Figure 1. X-ray diffraction pattern of (a) ZnO (b) Glucose capped 

ZnO nanoparticles 
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The size of the crystallites for ZnO and Glucose capped ZnO 

samples are found to be in the range between 41 and 22 nm. The 

estimated value of structural parameters such as lattice spacing, 

lattice constants, stress and crystallite size are given in Table 1. 

The surface morphology of ZnO and Glucose capped ZnO sam-

ples was analyzed using scanning electron microscopy. Figure 2 

shows the scanning electron microscopic images for ZnO and Glu-

cose capped ZnO nanoparticles. The process of agglomeration pro-

duces small rod shaped grains for ZnO nanoparticles, which is seen 

in Figure 2a. The addition of Glucose molecule as capping agent 

can produce changes in surface morphology, but also prevent the 

process of agglomeration for Glucose capped ZnO, which is seen in 

Figure 2b. During the process of capping, Glucose molecule com-

bined with OH groups of already existed Glucose molecules attach 

with ZnO nanoparticles. Thus, the capping agent provides protec-

tion of organic shell structure to prevent the nanoparticles from the 

agglomerated solution. Therefore, by changing the value of ratio 

for precursor and capping agent produces change in surface mor-

phology of the system, since the ratio of variation show the way to 

stabilize the plane of orientation [19]. 
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Figure 2. SEM images of (a) ZnO (b) Glucose capped ZnO nanoparticles 

 

 

Table 1. Structural parameters of ZnO and Glucose capped ZnO 

nanoparticles 

Lattice constants (Å) Crystallite 

size (D) nm  
d spacing 

(Å)  
Stress 

(σ) 10-9  
Sample  

a c c/a 

ZnO 3.2451 5.1901 1.5994 41 2.8136 -37.334 

Glucose 

capped 

ZnO 

3.2594 5.2073 1.5976 22 2.7929 -33.409 
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Optical absorption analysis was carried out to determine the 

optical properties of ZnO and Glucose capped ZnO. Figures 3a and 

3b show the optical absorption spectra recorded for ZnO and Glu-

cose capped ZnO nanoparticles within the wavelength range be-

tween 300 and 1100 nm. It is noted that the observation of wave-

length shift from 307 to 362 nm correspond to shift in value of 

band gap from 3.41 and 3.87 eV for ZnO to Glucose capped ZnO. 

The observed value of band gap in the present work must be quite 

closer to the value of ZnO. The observation of red shift in absorp-

tion wavelength for Glucose capped ZnO may be due to the process 

of capping Glucose molecule with ZnO. The value of band gap is 

defined as the energy in which the value of absorption coefficient is 

higher than 104 cm-1. A graph was plotted between (hν) versus 

(αhν)2 for ZnO and Glucose capped ZnO nanoparticles as shown in 

Figure 4. The linear portion of the graph is extrapolated to energy 

(x-axis) axis, which gives the band gap value of the material. The 

estimated band gap value for ZnO and Glucose capped ZnO is 

found to be 3.41 and 3.87 eV respectively, which is quite closer to 

the value reported earlier. 

Fourier Transform Infrared Spectroscopy is one of the important 

analytical techniques, which is used for investigating vibrational 

properties of synthesized materials. The absorption peak and band 

positions not only depend on composition, but also the coordination 

of surfactant on the surface of the prepared samples. The organic 

molecules present in synthesize have high surface energy to stabi-

lize their thermodynamically unfavourable state. The stabilizing 

agents control the process of nucleation, growth and its ability to 

blind on the surface of the sample and stabilize them against ag-

glomeration [23]. FTIR spectra recorded for ZnO and Glucose 

capped ZnO nanoparticles is shown in Figure 5. The appearance of 

the broad peak at 3595 cm-1 may correspond to the vibration mode 

of O-H bond indicating the formation of Zn(OH)2. The observation 

of peaks at 1430 cm-1 corresponds to asymmetric-symmetric 

stretching mode of vibration for C = O bond due to the association 

of residual organic impurities in the prepared powder samples. 

FTIR spectra recorded for Glucose capped ZnO molecule is shown 

in Figure 5b. It is noted that the presence of peaks at 1430 and 1017 

 

Figure 4. Plot of (hν) versus (αhν)
2
 for (a) ZnO (b) Glucose capped ZnO nanoparticles 

 

 

 

Figure 5. FTIR spectra of (a) ZnO (b) Glucose capped ZnO nano-

particles 
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cm-1 corresponding to C-H bond due to the process of coupling of 

Glucose molecule which acts as capping agent for ZnO. It is also 

noted that the observation of peak intensity at 1607, 840 cm-1 is 

attributed to C-O, Zn-O bond indicating the interaction (capping) of 

Glucose with ZnO. 

ZnO and Glucose capped ZnO nanoparticles were successfully 

prepared using modified chemical reaction method. X-ray diffrac-

tion analysis showed that the prepared samples are found to be in 

nanocrystalline nature with hexagonal structure. There is change in 

preferential orientation of the plane from (100) to (101) corre-

sponding to ZnO to Glucose capped ZnO. The observation of 

change in surface morphology without agglomeration of grains is 

observed for ZnO and Glucose capped ZnO. The shift in the value 

of band gap from 3.41 to 3.87 eV is noted for pure and Glucose 

capped ZnO. The appearance of peaks at 1607, 840 cm-1 character-

ized the C-O and Zn-O bands indicating the interaction process of 

Glucose molecule with ZnO. The process of capping Glucose with 

ZnO nanoparticles can produce changes in structure of ZnO nano-

particles with Carbohydrate as a biotemplate addressing biomedical 

applications, food packaging, water purification and water preserv-

ative processing technologies. 

[1] Y.F. Nicolau, Appl. Surf. Science, 22-23, 1061 (1985). 

[2] S.T. Shishiyanu, T.S. Shishiyanu, O.I. Lupan, Sensors and Ac-

tuators B, 107, 379 (2005). 

[3] I.A. Ezenw, Research Journal of Chemical Sciences, 2, 26 

(2012). 

[4] H.M. Yang, S. Nie, Mater. Chem. Phys., 114, 279 (2009). 

[5] M. Yang, Z.X. Guo, K.H. Qiu, J.P. Long, G.F. Yin, D.G. Guan, 

S.T. Liu, S.J. Zhou, Appl. Surf. Science, 256, 4201 (2010). 

[6] P.G. Mc Cormick, T. Tsuzuki, J.S. Robinson, J. Ding, Adv. 

Mater., 13, 1008 (2001). 

[7] H. Kominami, M. Kohno, Y. Takada, M. Inoue, T. Inui, Y. 

Kera, Ind. Eng. Chem. Res., 38, 3925 (1999). 

[8] K. Okuyama, Y. Kousaka, N. Tohge, S. Yamamoto, J. J. Wu, R. 

C. Flagan, J.H. Seinfeld, AI Ch EJ., 32, 2010 (1986). 

[9] J. Joo, T. Yu, Y.W. Kim, H.M. Park, F. Wu, J.Z. Zhang, T. 

Hyeon, J. Am. Chem. Soc., 125, 6553 (2003). 

[10]J. Li, R. Yan, B. Xiao, D.T. Liang, D.H. Lee, Energy Fuels, 22, 

16 (2008). 

[11]T. Moritz, J. Reiss, K. Diesner, D. Su, A. Chemseddine, J. 

Phys. Chem. B., 101, 8052 (1997). 

[12]Nobathembu Faleni and Makwena Justice Moloto, Internation-

al Journal of Recent Research and Applied Studies, 14, 1 

(2013). 

[13]File No.36-1451, Joined Council of Powder Diffracted System 

2003, Pennsylvenia, USA. 

[14]Choi HH, Ollinger M, Singh RK, Appl. Phys. Lett., 82, 2494 

(2003). 

[15]S. Thanikaikarasan, T. Mahalingam, M. Raja, S. Velumani, 

Mat. Sci. Semicon. Proc., 37, 215 (2015). 

[16]B. Bharathi, S. Thanikaikarasan, Pratap Kollu, P.V. Chandra-

sekar, K. Sankaranarayanan, X. Sahaya Shajan, J. Mater Sci. 

Mater. Electron., 25, 5338 (2014). 

[17]C. Amutha, S. Thanikaikarasan, V. Ramadas, B. Natarajan, 

Optik, 126, 5748 (2015). 

[18]S. Thanikaikarasan, T. Mahalingam, K. Sundarama, A. 

Kathalingam, Yong Deak Kim, Taekyu Kim, Vacuum, 83, 

1066 (2009). 

[19]R. Anandhi, R. Mohan, K. Swaminathan, K. Ravichandran, 

Superlattices Microstructures, 51, 680 (2012). 

[20]T. Herricks, J. Chen, Y. Xia, Nano Lett., 4, 2367 (2004). 

[21]L. Manna, E. Scher, P. Alivasatos, J. Am. Chem. Soc., 122, 

12700 (2002). 

[22]A. Ghosh, N.G. Deshpande, Y.G. Gudage, R.A. Joshi, A.A. 

Sagade, D.M. Phase, R.J. Sharma, J. Alloy Compd., 469, 56 

(2009). 

[23]L. Irimpan, VPN. Nampoori, P. Radhakrishnan, A. Deepthy, B. 

Krishnan, J. Appl. Phys., 102, 1 (2007). 


