
VOLUME - X, ISSI]E . II - APRIL - JUNE - 2O2I

AJANTA - ISSN -2277 - 5730 - IMPACT FACTOR - 6.399 (www.sjifactor.com) CC-4

ZnO and Cd Doped ZnO Nanostructures and

Antibaterial Activities

R. S. Shaikh

Department of Physics S,G.B.S. College Puma (Jn.), Dist: Parbhani (M.S.) India.

Abstract

Chemical Synthesized ZnO nano-structure using Sol-Gel chemical precipitation

method.Zinc acetate and Sodium hydroxide (Merck Mumbai) 1: 2 used in the experiments. To

synthesize pure and 5o/o Cd doped ZnO nanoparticles at room temperature 370C. Wurtize

hexagonal crystal structure of pure and 5o/o Cd doped ZnO nanoparticles have been confirmed by

X-ray diffraction (XRD).The crystalline size have been estimated from XRD data. The particles

size calculated by using Debye's-Scherrer formula was found 30-42 nm, varying with increasing

reaction temperature. Pure and Cd doped ZnO has been investigated by analysis of FTIR 437-

473 cm-r.The direct band gap of nanoparticles has been estimated using optical absorption UV

spectra 3.42 ta 3.47 ev.EDAX estimate atomic percentage of samples and purity. The significant

morphological char.rges of the ZnO nanoparticles were investigatdd from SEM images 52 nm.

Defect due to oxygen deficiency and interstitial vacancy have been confirmed.using PL spectra.

The Photoluminescence spectrum exhibits two emission peaks one at 368nm and excitation

emission 488nm.strows that highly blue shifted. The antibacterial activity of pure and Cd doped

ZnO nano-materials have been tested Agar well diffi.rsion disc method. Bacillus thuringiensis

NCIM2130 and Pseudomonos cf. monteilli 9 cultwes are used to shows antibacterial activity of

Pwe and Cd doped ZnO nanomaterials. The samples shows only antibacterial activity against

Bacillus Thuringiensis but Cd doped shows more effect as conpared to pure ZnO.

Keywords: ZnO nanostructures, XRD Spectr4 FTIR, SEM, UV visible, EDAX, PL

Spectra Antibacterial activity,Bacillus thuringiensis NCIM2I30 and, Pseudomonos cfl monteilli9,

Introduction

ZnO has also been confirmed as a promising functional material in other nanodevices

such as field emitters and gas sensors. The synthesis of ZnO nanostructures is thus currently

atlracting intense worldwide interest.' Other favourable aspects of ZnO include its broad

chemistry leading to many opportunities for wet chemical and biocompatibility..

ENGLISH PART - I7I I Peer Reyiev,ed Refereed and UGC Listed Jow'nal No. : 10776

9. Study of Physical and Optical Properties of Pure

1
\*

,"ii[GtPAL' ]'':,' -,-.-



AJANTA - ISSN - 2277 - 5730 - IMPACT FACTOR - 6.399 factor.com CC-4

In the manufacture of optoelectroruc devices. one should have concrete kno*,ledge about
the properties of the material that ca-n be used as rmpurities like donors. acceptor and
isoelectroruc impurities The isoelectroruc trapptrg state can enhance the efficrency of the free
recombination of electrons and holes Irl. Isoelectronic properties u,ere created b'doping ahost
atom by an atom from the same priod of the periodic table. The impurit-v doping can cause the
lattice deformation due to difference in atomic size betrveen impuriry_ and host atom [2]. The
replacement of host atom by proper add ion of impuritv atom to change the 

'arious 
extensi'e ancl

intensive properlies of host material was reported bl.many reports.

synthesis and characterization of Zno(cd) semiconducting material is one of the
important new combination to modify the physical and optical properties of Znosemiconductor.

vrjaylaxmi et al' (2008). Tabet- Derraz et d. (2002) and vinodkumar et al (2010) [3-5]have been reported on cadmium doped Zno but no l,ork is reported so far to the best of our
knowledge on cadmium dope Zno nanostructure calcined at different temperatures, and to stud'
its photoconductiYe and photoluminescence propertres. present chapter deals rvith 5% cddopingin zno nanostructure and sfudy the effect of temperature of calcinations on structure,
morphology' Uv-visible absorption and photoluminescence properties. Antrbacterial activrt'
also sholr,s ZnO nanostructure and Cd doped ZnO.

Synthesis of pure and Cd Doped Zno Nano powder

Economically cheap and simple Chemical precrpitation calJed as Sol_gel preparation is
used for s1'nthesis of pure cd doped zinc oxide nanoparticles Zno(Cd). In the svnthesis of pure
Zno nanopwder the Sol-Gel parameters such as pH of the reaction mixture. Molariq, of reagents.
reaction time and reaction temperature pla-v crucial role in formation of navel Zno nanostructure.

Initially appropriate molaritl (0.50M) solutions of Zrnc acetate, (0.50M) sodium
hydroxide and (0'50 M) cadmium salt solutions were prepared. Similar procedure rvas used to
synthesis of cd doped Zno. The rvhite colored residue of cd doped Zno u,as dried in oven at
100"c for trvo hours' The dried product w'as grourd to fine powder using agate mortar and pestre.
The samples were sintered at different temperatures (200, 400, 600"c). The as-prepared anc.l
sintered samples *'ere characterized.and results *,ere discussed.

1' zinc acetate and sodium hvdroxide in dist, rvaterprepar ationZno.
zn(cH:coo)z: zH2g + 2NaoH ) zn(oT)z+ 2cH:cooNa +2Hzo
Zn(OH)z ) ZnO +g16 (t).
2. cadrruum acetate and sodiurn hydroxide in distir u,ater prepa.ration cdo.

Cd(CH3COO)2. 2HzO + 2NaOH ) Cd(OH)2+ 2CH:COONa + 2H,O
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Cd(Or0z ) CdO+HzO

Results and Discussion

1. Structural Investigations Pure ZnO as prrpared and Cd doped ZnO

XRD pattem of Cd doped ZnO nanoparticle.s were have been shown in figure 1. The X-

ray diffraction (XRD) data were recorded and variations of intensity counts were collected over a

20: 20-80'range. The as-prepared Cd doped ZnO nanopowder represents somewhat different

crystal structure iN compared to pure ZnO and calcined ZnO(Cd) exhibit wurtzite crystal

symmetry similar to pure ZnO. The crystallity was observed improved on increasing calcination

temperature. As the calcined temperafure increased to 200'C the diffraction peaks at reflection

planes (100), (002), (101), (102), (ll0), (103) and (200) start emerging. The prominent peak

was (101) direction. The similar results have been reported in the emlier literature [6]. Furttrer on

increasing temperature of calcinations crystalliry" gradually increased and XRD pattern exhibit

wurtzite hexagonal crystal structure as like that of pure ZnO. At temperature of calcinations

increased to 600 "C the diffraction peaks become sharp and strong showing improwid rn

crystallity. On increasing the calcination temperature some peaks assigned to CdO phase were

noticed in the XRD spectra. This concluded that Cd was substituted atthe ZnO lattice.

D = 0.941./ Il Cos 0......... (1)

Figure2. The average particles size of the wrirtzite structure was estimated with the help

of equation I using the full width at half maxima of (100), (002), J10l), and (102) of the x-ray

diffraction peaks and clisplayed in tablel. The plot of variation of particles size with the

calcinations temperature of was presented in figure 2. T\e particle size of as-prepared Cd doped

ZnO as observed smaller as compared to particle size of pure ZnO, as-prepared and as-prepared

ZnO(Cd) samples. The average crystalline size was increased with increase in calcination

temperature from 30 nm (as-prepared ZnO(Cd)) to 42 nm( calcined at 600 "C). The lattice

constants of pure and as-prepared and calcinied ZnO(Cd) was calculated by using equation (l)

shown in tablel. The values of lauice constants 'a' was observed increased and 'c' was found to

be decreased as sintering temperature increased, This may be due to deformation of ZnO lattice

by incorporation of large Cd ion thanZnion, The ionic radius of Cd is larger than Zn.
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Table 1. FWHM, Particles Size, (h,k,l) Lanice co
ZnO

ZnO-Cd

Sample

2Theta
(dee)

d-

spacing

('a)

hkl FWHM
(deg )

Partic

leSize

(nm)

Grain
Size

from
SEM
(nm)

Lattice
Parameters
,a, 'b'

ZnO -Cd
270C

3r.4621 2.8493r 100 0.4723

30 60 3.772 5.486

34.4932 2.63196 002 0.4723
35.9446 2.54004 101 43149
47.2408 1.9t409 702 0.3 I 49

58.4111 1.57866 ll0 0.3 I 49

ZnO -Cd
2000c

31.4621 2.84351 100 0.3 1 49

JL 68

J.Z6J 4.99034.0990 2.62941 002 0.3936

35.9877 2.49563 t0r 0.3936
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47.2814 1.92254 702 0.3149

ZnO -Cd
4000c

3t 4591 2.84371 100 0 3149

36 70 J.Z6_) 4.990

34.tls7 2.628t6 002 0.3936

35 9918 2.49536 101 0.3936

47.2729 1.92286 t02 0.3149

ZnO -Cd
6000c

3t.5720 2.83385 i00 0.4723

42 72 3.272 5.231
34 2536 2.6t789 002 0.3149

36.0813 2.48937 101 0.3149

47 3652 1.91933 ),02 0.3 149
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2. FTIR Study of Pure ZnO As-prepared and calcined ZnO(Cd)

The FTIR spectroscopv is an important tool used to detect various fturctional groups

trapped onthe surface of the nanoparticles and helps to investigate the chemical composition o1'

the material. The FTIR of the particular substance is the finger print of the molecules present in

the compound as shown in figure 4.

FTIR spectra of pure ZnO, as-prepared and calcinied ZnO(Cd) rvere recorded in the

r,vave number range 400-4000 cm-1 and presented in figure 4 The modes of vibrations and their

band assignment were shown in table2. The absorption band assigned in the region 443.64 to

476.43cmt assigned to the ZnO stretching mode in pure ZnO. This absorption band related to

metal oride region [7-9] The effect of Cd doping in ZnO shorv that band become stronger and

deformed in the region 437.86 to 488.01 cm-'1t01.

When material rvas calcined at higher temperature this absorption band rvas obsened

shifted to lower wave number region. This shorvs that Cd is substituted at site of Zn ions by

replacement of Zn ron. The absorption bands in the region 511.15 to 588.31cm-l associated to

Cd-O vibration was not appearing rn pure ZnO structure. The absorption band in the wale
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number reEon 667 '39 to 626.89 cm-r assigned to Zn-cd-o vibration r,vas observed spread o'er
the wave number region 611.45 to 669.32 cm-' due to cd dopin g inznolattice. The effecl of
calcinations can be summarized in table 2. The similar assignment has been reported in earlier
Iiterature [101.

The vibration band at 833.28 cm-l related to Zno vibration which n,as broaden in the
region frequency 731.05 to 895.00 cm-' due to cd doping. The calcinations process affects the
band position and bands are shifted to lower wave number value. The absorption peal present
at 1020'38 cm-l is assigned to c-o-c this peak \vas appeared to be dispersed from 1020.3g to
1047'38 cm-'on calcinations and doplng . s).rnmetnc and asymmetric bending mode of C=o
assigned at l4l5'80 and 1624.12cm-tand the peatri iocated at 1745.64 and 1gl5.0g assigned to
c=o [11]' The absorption ba:rd at 2rgr.56 and 2387.g5 rerated to coz the atmospheric
absorption of the carbon dioxde on the surface of Zno and cdZno nano particles. The effect of
calcinations rvas clearll,observed form the table2

The band located in the region 2g24.L8 and 3026.41 cm-' was related to symmetric and
asymmetric c-H stretching bonds rvhich rvas drsappearecl in pure Zno latlice. The absorptio,
band located in the region3433.7lto 3471.g8 cm-twas attributed to the presence of hl,droxr.l
bond o-H due to r'vater molecules absorbed from atmospheric moistures. There lvere some bands
origrnated from the presence of rvater moisture and coz in the air in the process of making
powder' The shift in the position of the band towards lower and higher frequency can be
associated wrth change in bond length due to the partial substitution of cd at the Znolattice The
analysis IR data confirmed that cd r,vas doped in the Zno matrix.
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Table2. Vibrational Bands and assignment frequencies of Cd doped ZnO
Nanopowder

Functional

Group

As
prepared

ZnO

ZnO-Cd
ooc

ZnO-Cd
20!oc

ZnO-
cd4000c

ZnO-Cd
6000c

ZnO 443.64

476.43

451.36

46.1 B6

499.s8

132.07
.{6,1.86

4s3.29

437.86

464.86

488.01

437.86

164.8(t

478.36

Zn-O-Cd 667.39

626.89

s 13.08

56 1.30

6l1.45
669.32

511.15

588.31

669.32

655 82

5il 15

559.38

669.32

611.45

5l l. l5
588.31

6t1.45
669.32

Zn-O-Cd

833.28 73r 05

161.91

85 8.35

895.00

711.16

759.98

821.70

87 I .85

719.47

767.69

87 5.7 |
823.63

719.47

111.55

719.21

817.64

C-C
1020.38 1020.38 1020 38

I045.45
1 020.38

1045.45

1020.38

1047.38
C-C 1 I 11.03

1274.99

1114.89

1232.55

1114.89

1234.48

1109.i1

c-o
1383.01 1383.01 1327.A7

1383 01

1325.14

137 s.29
1377.22

C=O 1415.80

1624.12

1442.80

1s64.32

1629.90

1438.94

1560.46

1629.90

1442.80

1585.54

t629.90

1442.80

1562.39

1620 26

1629.90

C=O

1764.93

7745.64

1815 08

1726.35

1786.14

1818.93

1724.42

1774.57

1818.93

1763 00

1774.57

1892.23

1928 88

coo - 2181.56

2387.9s

21tt 1.56

2381.95

2490.18

2343 59

2499.83

2343.59

2492.t1

)it\ ))
2416 89

C.H 2924.t8
3026.41

2924.78

2958 90

2808.45

2924.t8
2808.45

2997.48
o-H 3433.71

347t.98
3389.04

3450 77

3437.26

3533.71

3433.41

3531.78

3433.41

3s31.78

3. Surface Morphology Study of Cd doped ZnO

The SEM images of as-prepared and calcined Cd doped ZnO-NPs were Shown in figure

5 the scan image of as-prepared Cd doped ZnO nanopowder exhibits polycrystalline, porous

morpholory with interconnected grains of average particles size 52 nm present on ZnO (Cd)

ENGLiSH PARf - III / Pee, Reviey,ed Refbreed and L\GC Listed J.tnnal No. : 10776 6-5

PRIXCIPAL

$ri Guru dfi!19;1:1il|1nry'llilI\C
Eefd.t9l3



VOLLI]\,G. X,ISST]E - II - APRIL -,]LrNE - 2021

AJANTA - ISSN - 2277 - 5730 - TMPACT FACTOR - 6.J99 (www.s.iifactor.com CC-4

nanoparticles. The particles size of the grain is auto visualized in the micrograplis at the time ol.

scanning the samples. The Cd doped ZnO clcined at 200 
oC 

shou,s similar morphology wth
hexagonal nanorod stick on the surface. The small crystalline agglomerated to form nano fusecl

clusters seen in the surface morphology of Zno(Cd). The microstructure was observed changes

to hexagonal nanorods at high temperature. the sample calcined at 600 "C exhibit excellent naxo

rod arra:rged like plates of rocks. The size of nanorods and nanograins is varv from 32 to g6 nm

which is visualized in SEM images. The average grain size ranges from 30nm to 42 nm was

displayed in table I above. The increase in grarn size as comparal to obtained from XRD data rs

due to agglomeration of the particles. Zno(Cd) nanostructures exhibit significant \ran:rng

morphologl,' and may be used as antibacterial agent. It is scope for future rvork.

4. EDAX Analysis of Cd DopedZnO

The EDAX spectra of Zno(Cd) was shown in figure 6. EDx spectra concluded that
present samples contain Cd, Zn and O elements, Their initial and final atomic percentage was
also investigated and presented in table 3. Although the 5%o doping of Cd in Zno was confirmed
form the EDAX spectrahowever the Znpercentage was less than initial atomic percentage. This
may be due to in homogeneity of the samples. As prepared and calcined znO{Cd)samples show
oxygen and zinc rich. The sulphur peak appeared in the spectra are due to the impurity in the
carbon tape pasted on copper grids usedfor the measurement in the machine.

nrri Guru ft:flI-:T hah,,,;t.,t-,.
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Table .i. Indicatilg the u'eight orb and atonlic 9t, of ZrrO(Cld) r\anostr-uctrres.

Cortent

\Ve islit
o/
/'0

Atouric
o'

0

Weiglrt
ot'o

Atonrc
o

U

\Veiglrt
o,0

Atouric
0,0

Wetghto,; Atoruic
Or
,,0

1'o(, 2110 0(_' J00 0(l (r00 o("'

OK 31.95 6(r.2J 28.8J 62.98 l6.J- .59.2{ 31.6: 65.--
SK 6.{6 6.68 't) 8.36 .:t) 8.48 9.61 9. q6

ZnL J1.95 2I 18 39.89 21.33 J8..15 16.6.t 32..{9 16.51

CdL 19.6{ 5.80 33.61 .J{ l'.6: 5.6{ 2(r.13 - -ri

100 .0r) I {t{}.0{} 100.{x} t00.0tl

5. UV-Visible Absorption Study for Cd doped ZnO

The absorption spectrum of pure ZnO, and as prepared and calcined ZnO(Cd)

nanopowder is shown infrgT. Uv-Visible absorption spectra.of undoped ZnO sample shows t a

strong absorption band at about 363 nm. The absorption is maximum in the Uv region and after

that sample shows less absorption in other words the material is highly transparent. The as

preparcd ZnO(Cd) sample shows absorption band at 361 nm. Howeyer intensity of absorption

was tremendously decreased as compared to pure ZnO 1121. ihe intensity of calcined ZnO(Cd)

was gtradually increased as the temperature of calcinations increased. The effect of calcinations

on the absorption band is significant that the absorption bands shifted to the blue side of ttre

electromagnetic spectrum. The as prepared Cd doped ZnO has large optical window as compared
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to pwe ZnO x there was no any absorption bnd in the reglon 360 to 1100 nm. The optical

window region increased on calcinations the ZnO(Cd) since absorption peals shifted to lower

wavelength region. This attributed to grain size and change in structure, morpholory and

change in defect states of the material on doping and calcinations., The estimated band gap and

near band edge wavelength is tabulated in table 4, On sintering at different temperatures

effectively tuned the band gap. This is attributed to change in structure and grain size. The band

gap decreased on increasing grain size. As prepared ZnO(Cd) exhibit 3.44 ey significant band

gap as compared to pure ZnO nanostrucnxe (3.42 eV). The band gap was observed decreased on

increasing sintering temperatures (200 to 600 "C). The decrease of band gap is attributed to

increase in grain size on increasing temperature and some changes in structural defects related to

oxygen and Zn site vacencies. The pure and Cd- dope.d ZnO nanostructure exhibiting higher

band gap and lower particle size may be used in optoelcectronics, photoelectrochemical cells,

and for biological applications

:rXl -ldrt lr{i iliil r.ro -rir f,rts tB ltnilr I lr0

\\ l\ rbni.lrl { |]nr ]

lbwe/. UV *usibte absorption ol os prepilpd IilA otfi Cct (roped lnO

fr'onoitnr(tr/re ok i ned o t dilf e r t nt I e m p e ra t u re

4

;.: rrl

a

1

tubl. +. V.iutio, b.t*.gn b*d gup(ng)ffi
Samples ZnO-Cd
Temperature

Wavelength
(nm)

Band gap (eV)

Pure ZnO 363 3.42
As-prepared ZnO(Cd) 361 3.44
200"C ZnO(Cd) 360 3.45
400"C ZnO(Cd) 358 3.47
600"C ZnO(Cd\ 358 3.47
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6. Photoluminescence Investigations for Cd doped ZnO

Photoluminescence Spectra (PL) of ZnO(Cd) samples calcined at27 
oC 

and 600oC have

been studied in reference to the luminescence intensity of emission spectra. PL spectra of

excitation and emrssion of as prepared ZIO(Cd)Z11C and ZnO(Cd) calcined at 600 
oC 

nere

recorded at room temperature, and shown in figure 9. The PL intensity in escitation at 360 nm

for pure ZnO siimple is three times more than as- prepared ZnO(Cd) sample. The intensitl' of

ZnO(Cd) calcined at 600 oC 
rvas observed decreased as compared to as-prepared ZnO(Cd) and

pure ZnO samples. The effect of decrease in excitatron intensity reveals that defects produced

due to ox-vgen deficiency or interstitial defects nere reduced on doping and on sintering the

samples. The Photoluminescence spectrum exhibits two emission peaks one at 368nm and

excitation emission 488nm.shorvs that highl-v blue shifted The amplification of the UV emission

indicates that the crystalline defects in the ZnO nanoparticles have changed after Cd doped. On

the other hand, at moderate doping (5%) Cadmium atoms acts as surfactant and changes

emission intensity in blue green region. The intensity of blue green emission bands (428-599 nm)

u,as observed decreased leads to the change in surface morpholog,v. On calcrnations Cd is

substituted at the regular site of the ZnO matrix on replacing Zn. PL emission in green regron

(420 to 600 nm) rvas decreased on sintering the sample.
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7. Antibactrial Activity of pure ZnO and Cd-doped ZnO

In order to study the antibacterial actrvity of Cd-doped ZnO nanoparticles against

Bacillus thuringiensis NCIM2130 and Pseudomonas cf. monteilii 9 cultures slightly modifiecl

Agar Well Diffusion rnethod rvas used. The pure ZnO and Cd doped ZnO nanopou,der rvere

calcined at 600 
oC 

and used for antibacterial study. The inhibition zone size \\as lneasured. pure

ZnO shorvs inhibition zon size of l6 mm rvhile Al doped ZnO shon,s increase in zone size up to

42mm The pure ZnO and Cd doped ZnO ner er shorv antimicrobial activitv against

Pseudomonas cf.monteilii 9 and not presented in form of photoplate. While comparing inhibition

zone of pvre ZnO u,ith respect to ZnO(Cd)) against Bacillus thuringiensts NCIM2130 ancl

Pseudomonas cf.monteilii 9, Cd doped compound is more active than pure ZnO. The photo plale

ofcd doped Zno nanostructures calcined at 600 
oc 

have been shornn in figure 10.

F itrvre 7A. Photo p tate aj tna& otio n ol Btcittus ltruringlensi tontpa risb n

by ZnA os pregattd t$ith Zn)((d)
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Table 5. Inhibition Zone (mm) Zones produced by ZnQ nano particles at 600 oC

calcinati ons Temp eratures

Bacterial Culture Inhibition Zone (mm)

ZnO C.d ZnOPure

Bacillus thuringiensis

NCIM2130

42 76

Pseudomonas cf. monteilii 9 0 0

Conclusion

Wurtize 
. 
hexagonal crystallity pure and Cd doped ZnO nanostructure was syrthesized by

using simple low cost Sol-Gel chemical precipitation method. Estimated grain size for Cd doped

ZnO was 33 nm and for pure ZnO was 43 nm. hence it was concluded that preset prepared

materials of pure and Doped ZnO have nanoscale dimension. The presence of absorption bands

in the frequency range 412 to 491 cm-l indicate the incorporation of Cd into ZnO nanocrystals.

Band gap estimated for pure and Ag doped ZnO using near band edge wavelengttr was found to

be 3.28 eV forpure ZnO and for Cd doped ZnO it was 3.43 eV. Increase in band gap was related

to decrease in grain size on incorporation of Cd in ZnQ matrix. The low percentage Cd doping in

ZnO mafrx absorption band edge was shifted to low wavelength side. The knowledge of

emission peaks green region of the PL spectrumrevealed the oxygen and inertial Znvacancy.

Antimicrobial study reveal that the calcinations of material may change structure and surface

morphology of ZnO(Cd) that could aJfect the microbial growth. IJ was concluded that Cd doped

ZnO nanostructure caleined at 600 
oC 

can be used against Bacillus thuringiensis NCIM2I30. To

obtain excellent'results Cd doping percentage should be increased.
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