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Abstract

One nowvel heteroleprtic iridium 1IT) complex with cyclometalated 2

Prhenyviguinoline( 2-phqg ) vwas synthesized by the stoichiomertric rea
Phagl)Cl]le. i.e, Bis—-[|u-chlorodi-{ Z-phenylguinoline Jiridium{ ITI}] amnd
wehere L is deprotonated form of azo lisand prepared frorm S8-hywdr
and aniline in a 1:1 proportion of dichloromethane and ethanol so.
armosphere in presence of miild base riethylamine in stoichiormet:
prepared complex was characrerized by '"H MNMMR, ESl-rmmass spectro
speciroscopy and most acocurately by X-ray single crystallosraphy.
Prhysical properties like absorprion and emiassion, -, photolumiine:s
liguid starte as well as solid state were studied exclusively. The expa

electrochemical study was also done with oyclic voltarmmyetyy. The

inwvesticzations of the photo phwysical properties were domne byw DFT a
calculations. The ground state excitation transitions of the comple:
MLCT and 'MLCT transition. The LW —WVis and photoluminescence tr
also investigared by MNTO analysis. The mriplet state emission transil
characrerized by *WMLCT and some portion of 2ILCT transitiorn.
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Abstract

Here wwe report, design anmnd synthesis of owo chemosensoars bhased
rereprhalohydrazide temmplate. We wanitc to explore how cthe chamen

the overall sensing property. To our surprise borvh the sensors L1 al
Agoregate Induced Enhanced EmMiassion shovwing capability and an:
recosnizing ability. Licand L1 showws a 1< fold increase in the fluonrs
intensity with the addition of selective CMN- ions by hampering the
prhenomenon exhibiting i the ligand. vwhile L2 showws a stirrong sel
Cu" accompanied by a red shift of 96 nm in the emission spectra.
response of L2 towwards Cus—
Quenching (CHEQ ). Ligamnd L1 shows a strong Agerecation active T
bright green Fluorescence while L2 showws Agoregation vwith cyan E
Muorescence.,. The DET and TDDET calculations were performec im
demonstrate the structure of ligand, complexes and its electronic |

is a result of Chelation Induced Enhar
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Photo induced trans — cis 1somer
studies of heteroleptic iridium cC«
with 8-quinolinol-5-phenylazo 1
Photophysical and electrochemic
studies and it's theoretical
investigations

Amit Maity, Kajal Krishna Rajak 2 &=
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Abstract

Free rotating azo type ligand in different types of metal complex«
isomerism in presence of photon irradiation by UV light. For this
new iridinm complex has been synthesized with 8-hydroxyquinc
phenylazo ligand in which the azo part of the ligand is free from
with metal centre. UV light irradiation of the Ir complex with thi:
hydroxyquinoline-5-arylazo ligand at room temperature promaot:
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Refluxings [RIh(Z2-phpywia(Cl 3]z separacely wircth rthe eguivalentc armuowe
phenylazo—S-—hhwdroxyouirnolimme (Ho®), S [ fluorophenylazo 13— 58—

v droxyopurimoalime (FHoag2) and S—(G-nitrophemnylazo -8 -Thwod roscwoguni rue
crluernns in asesrobic conmndition afforcded mononmnuclear oranmngss colowure
hawvings semnceral formmula [Rih2Z2-phpywiaCag )] im excellent yviclds, The o
wwere substanriated by TR, TH MNMWR, EST-rmass, EPR,. LIV —Wis and eri
cwelic wvoaltamumniaysetry, simnsgle —crywstal M-oray structure deverminmnations .

FMamctiomnal thheory (IDFT Y calculations. Swywntihesis armc comyprarisoam okl
phorophwsical and slectrochemical projperties of a rveww branmnch of ¢
commplexes of S-hywdrmnoxxyvaryviliaszo analosues are presentedd wwihnnch anre
stwucddiced bhefore. The smrowuncd and excited -—-state soeometries, alb sorpon

ermission properties of thee comprlexes vwere exarniredd by TFT amaa -
mraetrthods. The excitartiomns armnd emiissions are invesrtrisated by the ma
cransiticon orbital (MNTO) analysis. The emission occurred wia PRAaLaCT
cramsiricorn byw theorerical anmnalysis of mriplet state [DDEFTD calculartiosns. 7l
isomerismm studies for thhe aso complexes hawe been domne by expenr

wwell as rheoretical anmnalwywsis.,
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Synthesis, crystal structure, DFT calculation and trans
isomerisation studies of bipyridyl ruthenium((II) comp
bearing S-oxyqgquinolate azo ligands

Roumi Patra, Amit Maity & Kajal Krishna Rajak

Jouwrnal of Chemical Sciences 132, Article number: 140 (2020) | Cite this article

362 Accesses | 3 Citations | Metrics

Abstract

Two stable Ru(ll) bipyridyl complexes were synthesized with the deprotonated forms of ti
hydroxycguinoline (he) as analogues and they were chromatographically separated. The e:
coordinated as a bidentate ligand and chelates to rutheniumd(Il) through S-gquinolinolate
azo part free from coordination. The general formula of the complexes are [Rulbpylz(q)]”.
deprotonated form of S-phenylazo-8-hydroxyquinoline (Hq') and 5-(2-naphthylazo)-8-hyd:
The complexes were verified by 'H NMR, ESI-mass. absorption-emission spectra, cyclic vol
single-crystal X-ray structure determination. UV light-induced trans — cis isomerization a1
isomerism i.e. cis — trans around -N=N- bond at room temperature were proposed from tt
changes as well as the changing of the colour of the solution of the complexes. Tn aid of un
electronic charge distribution and charge-transfer properties, computational studies empl
TDDFT method have been executed.

Graphic abstract
Significant alteration in absorpton specira and colour change was observed for trans-cis |

of the complexes upon UV light irradiation due to presence of free rotating azo groups
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Influence of Ion Beam Irradiation on Optical and M:
Properties of Transparent Mn Doped ZnO Thin Film
for Sensor Applications

S. Neogi, Soumyadev Ghosh, +1 author S. Bandyopadhyay + Published in ECS Journal of Solid State.. 20 April 2022 + Materials Scien

The present work describes modification in physical properties of Zn0.95Mn0.050 films by ion beam irr
prepared by spin coating and annealed at 500°C. XRD patterns of these films show wurzite structure wi
However, low-energy irradiation could modify and induce new defect states. Characterization of those d
performed by analyzing the UV-Visible absorption spectroscopy and photoluminescence (PL) spectrosc
PL emission of Zn0.95Mn0.050 film shows a broad UV emission and pronounced visible emission ~53I
broad UV band become more prominent; however, it is completely quenched after irradiation. For all irrai
visible emission of comparable intensities, confined within the region 475 to 550 nm. Irradiated films ar
at room temperature and most importantly the film irradiated at fluence F: 1016 ions/cm2 exhibit maxin
moment of 0.83 emu g-1. The magnetic response is strongly influenced by irradiation and we could say
strongly correlated with intrinsic defects present in these films. Defect-induced formation of bound mac
control the ferromagnetic property of these films. These transparent ferromagnetic films could be used
Collapse
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Abstract. Present work demonstrate the structural and optical property study of Zn, Ni;O (x= 0.03,
0.05) nanoparticles (NPs). These samples have been prepared by simple chemical co-precipimtion
method. Finally these samples are annealed at 500°C for 3 hours. Structural characterization has been
performed by doing X-Ray di (XRD) at room The XRD patterns confirm the
hexagonal wurzite structure for these samples. We have estimated the lattice parameters (a & ) and
determine the c/a ratio of respective samples after stuctural analysis. Morphology of these
nanoparticles has been investigated by performing SEM. In addition UV-visible and
Photoluminescence (PL) study has been performed. PL emission spectra show a broad UV emission
peak. Doping at the Zn-site by Ni ions could induce inter-band levels within the band gap. Transition
between those levels may responsible for broadening of the UV peak. In addition defect mediated
visible emission has also been observed in the PL study. Further to investigate the effect of doping on
‘microstructure, Raman spectra of Zny ;NiO samples are taken. Wurzite ZnO belongs to space group:
€. and consequently six first order phonon modes are expected to appear in the Raman spectra.
Raman scattering has been analysed according to the existing literature and details of analysis are
presented in this work.

1. Introduction

There is great interest of studying zinc-oxide (ZnO) semiconductor because it has wide range of
applications in photonic, photovoltaic and electronic devices [1-4]. The material ZnO has some unique
physical and chemical properties such as high electron mobility, high chemical and thermal stability,
wide and direct band-gap (3.37 €V) and large excitonic binding energy (~ 60 meV) [3-5]. All these
properties of ZnO make it very promising for developing light emitting diodes (LEDs), gas sensors,
UV-detectors, solar-cells [3, 5] etc. Further ZnO is also used in developing transducers and surface
acoustic wave (SAW) devices [6]. Doping at the Zn-site by transition mefal ions (like: Mn, Co, Fe, Ni)
may introduce magnetic property in these materials. In the year 2000, Dietl ef. al [7] theoretically
demonstrates that ferromagnetic property at room temperature can be achieved in case of Mn doped

r@‘.‘)‘ Content from this work may be used under the terms of the Creative Commons Auribution 3.0 licence. Any further distribution
= of this work must maintain attribution to the author(s) and the title of the work, joumal citation and DOL
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ZnO samples. Science then transition metal doped ZnO has been studied extensively. However doping
concentrations has been kept small because the solubility limit of these metal ions (Mn™", Co™, Ni*") is
quite low in ZnO strucmre [8]. These dilute transition metal doped ZnO samples are belonging to the
family of diluted magnetic semiconductors (DMS).

Multifunctional ZnO nanoparticles have been investigated quite extensively because of their
wide range of applications. Also transition metal ion doping may induce modification in optical,
magnetic and microstructural properties. ZnO nanoparticles can be synthesized by different methods
like hydro-thermal method [5], co-precipitation method [5. 11], sono-chemical process [9-10]. ball-
milling technique [4] and sol-gel process [8 and 12]. All these methods have their limitations and
advantages. Simple and cost effective chemical co-precipitation synthesis technique is used here for
synthesis of ZnO and Zn, ,Ni,0 (x = 0.03 and 0.05) samples. The main advantage in co-precipitation
synthesis technique is that commen solvents such as ethanol, methanol and distilled water are used.
Further at low temperature and using simple equipment. samples are synthesised. Detail of synthesis
procedure is described in section 2.

Nanoparticles of Zn; [Ni,O have been studied quite extensively and magnetic properties of Zn,_
\Ni,O samples are mainly focused in those work [13-16] The present work describe synthesis and
study of structural, optical and micro-structural property of Zny Ni,O (x = 0.03 and 0.05) samples.
The samples were prepared by simple chemical reaction method. For the chemical co-precipitation
synthesis process, the concentration of NaOH [17] and the reaction atmosphere [9-10] plays the
crucial role and control the morphology, size and band-gap of the ZnO nanoparticles. The precipitation
was done (here ZnO and Zn,,Ni,0) in an ultrasonic bath with application of high frequency
ultrasound waves. The sono-chemical process is based on acoustic cavitation phenomenon that
promotes the formation and collapse of many bubbles in the aqueous solution [10]. Under such
extreme condition molecular bonds are broken and these molecules could produce radicals which
finally control the properties of the prepared samples [10]. Structure and morphology of these
nanoparticles are characterised by X-ray diffraction (XRD) and scanning electron microscopy (SEM).
Optical Properties have been studied by UV-visible and (PL) sp py and
micro-structural properties have been studied by Raman spectroscopy. The results of various
measurements have been analysed and compared with that of the un-doped ZnO sample which has
been prepared by similar chemical reaction method.

2. Experimental Work.

2.1. Synthesis of Samples

Present work describes synthesis of Ni doped ZnO (Zn:Ni,O. x = 0.03 and 0.05) samples by
chemical co-precipitation technique. The raw materials used for preparation of Zn, Ni,O samples are
zine acetate [Zny(CH,;COO), 2H,0] and nickel acetate [Ni(CH;COO),4H,0). During synthesis
appropriate stoichiometric amount of zinc-acetate and nickel-acetate was taken and dissolved in
methanol [CH;OH] through continuous stirring in a conical flux. In a separate container a solution of
0.1M of NaOH is dissolved in 40 ml CH;OH. Drop wise NaOH solution was added into the solution
that contains zinc and nickle acetate under sonication and a white precipitate has been found. The
sono-chemical reaction method has been used to produce smaller size nanoparticles with uniform
shape [9]. During the was maintained at 300 K by conti ly changing the
water of the somication bath by cold water. After complete precipitation the product is kept un-
disturbed for 24 hours in a glass container. Finally the produet has been collected by using a centrifuge
machine. In order to separate out the un-reacted raw material, the precipitate (end product) has been
washed several times by using double distilled water and ethanol. After cleaning, the Zn; \NiO (x =
0.03 and 0.05) samples were taken in a crucible and annealed at 500°C for 3 hours inside a box
furnace. Finally these annealed samples were grind in an agate motor and finally used for various
characterizations.

2.2. Characterization of Samples

‘We did structural and optical and micro-structural characterizations of Zn, Ni,O samples.
Room temperature XRD measurements had been carried out by using powder X-ray diffractometer
with Cu-K, radiation (wavelength: 3= 1.54A) and the scanning rate was maintained at 0.5° per second.
The XRD data for these samples were taken in range 26 =25° to 80°. Band-gap of Zn; Ni.O (x = 0.03
and 0.05) samples were determined by analysing the UV-visible absorption data. Room temperature
PL emission for these samples was taken by using Agilent Cary Eclipse fluorescence spectrometer.
The excitation wavelength used for PL emission is 320 nm. In order to study surface morphology and
particle size we have performed SEM measurement. Raman spectra of respective samples have taken
in the range 50 cm™ 10 800 em™. A laser source of wavelength 532 nm has been used for the Raman
Spectroscopy measurement. A detailed analysis on structuml optical and vibrational properties of
respective samples has been presented in section 3

3. Results and Discussion.

3.1. Smuctural characterization of Samiples:

The X-ray diffraction pattern of ZnO and Zm.NiO (x = 0.03 and 0.05) samples were
depicted in Figure 1. The diffraction peaks in figure 1 can be indexed to a hexagonal wurtzite structure
(space group: P6:mc) of ZnO. The strong diffraction peaks of the Zn; ,Ni;O samples may indicate
good crystalline quality and polycrystalline nature of these samples. The (101) diffraction peak is the
strongest among others for these samples. However a week impurity peak (near 28 = 43 22°) was seen
and identified as (111) diffraction peak of NiO in case of Ni doped ZnO samples [13]. Tt further
indicates that the solubility limit of Ni in wurzite ZnO structure is really small.

E
&
i)
z
H — A l
] g |2 — o
18 a g 5 =&
g Sgfr. g
|
30 40 50 60 70
20 [degree]

Figure 1: Represents the X-ray diffraction pattern of pure ZnO and Zn;,Ni,O (x = 0.03 and 0.05) samples.
Tnset of Figure | shows the enlarged view of (002) XRD peak of respective samples. A very prominent low
angle shifi has been noticed in Ni doped samples.

The average grain size: D of respective samples is estimated by using Scherrer equation [11] as
described in equation (1).
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Here  is wavelength of the X-ray (A= 1.54A) used and § is the FWHM (full width at half maxima) of
(101) diffraction peak. It has been observed that with Ni doping the grain size reduces. Further lattice
constant (@ & ¢) and bond-length (Zn-0) of Ni doped ZnO samples has been estimated following the
procedure as described in [9 and 18]. The calculated lattice of Znge7N1g 030 sample are a =
3.244+0.002 A and ¢ = 5.197+0.002 A, which are slightly larger than un-doped ZnO sample. The
small enhancement in lattice constant values could be explained by considering that ionic radius of
Ni** (0.68 A) ion is larger than Zn™" (0.60 A) ion [13]. Also a slight enhancement in the values of Zn-
O bond length and cell volume has been cbserved. The values of grain size, lattice parameters and
bond length (Zn-0) are all presented in Table 1.

Tablel. Calculated values of Lattice parameters & grain size of Zn0 & Zn, xN;,o samples

Sample FWHM | D (um) 20 &) alk) o v
o1 £2mm ©02) | 0002 | £0002
Zno 0.249 65.21 34.538 5.10 3.238 1.603 1.959 46.216

Zn0:3% Ni 0.319 50.82 34.491 5.197 3.244 1.602 1.974 47.362
Zn0:5% Ni 0.341 47.10 34.460 5.202 3247 1.602 1.976 47.496

Inset of Figure 1 shows a systematic shift towards lower angle of the (002) peak in Ni doped ZnO
samples which firther supports the increase of lattice constants of Ni doped samples. It is important to
note that ¢/a ratio for the doped and un-doped ZnO samples is smaller than 1.633 (the c/a ratio of ideal
wurzite structure) [19]. It indicates structural distortion in wurzite structure in these synthesized
samples [20]. However the ¢/a ratio in nearly constant for all these samples, possibly due to nearly
same size of the Ni*" and Zn’~ ions. Figure 2 depicts the SEM images of Ni doped ZnO samples. The
SEM pictures were taken with an accelerating voltage 15 kV with magnification 50.00 KX. The grains
are more or less spherical in shape for these samples.

Figure 2: SEM of (a) Nig 050 and (b) Zno5sNia 05O samples.
3.2. Optical Property Study by UV-Visible and PL Emission Spectroscopy.

Zn0 is a direct wide band-gap semiconductor. The optical band gap E, can be determined by
Tauc relation [20].
ahv=B(hv—E)"? .. (2]

Here a is the absorption coefficient, h is the Pl.anck s constant aud v is the frequency and B is a
constant. Figure 3 (a) shows the (ahv)® s v plots for the Ni doped ZnO 5ample.s Figure 3 (b) shows
the absorbance against wave-length for the Zny 7Nig ;0 sample. The (whv)* vs /v plots clearly exhibit
a strong exciton peak at E., = 3.353 eV and E., =3.349 eV’ for Ni-3 and Ni-5 sample respectively. Here

is the exciton energy can be calculated from relation E., = fic/h. [9]. A small but lower energy
shift of the exciton peak position has been noticed from Figure 3. The optical band-gap: E, for the Zn,

Ni.O (x = 0.03 and 0.05) samples has been determined from the maximum of 1% derivative of
absorbance with respect to photon energy at the lower energy side, as shown inset of Figure 3(b) [9].
The E, values are found as 3.26 ¢V and 3.30 ¢V respectively for Zn0:3%6Ni and ZnO:5%Ni samples.

25
—9—Zn0: 3% Ni =
5] —=—zn0: 5% N E
= 20,
» H
g 15
2 H
%
13 i 1r (b)
8- 10 3% Ni
0 o5
20 25 30 35 4.0 400 500 600 700
v [¢V] ‘Wavelength fnm]
Figure 3: In Figure 3(a) the variation of (@)’ vs v plots for the Zni N0 (x =0, 0.03 and 0.05) samples are
shown. Figure 3(b) shows the plot of against wave-length of the Zng;Nis ;0 sample. Inset of Figure

3(b) shows the anlarged view of the 1* derivative of absorbance with respect to photon aergy.

The room temperature PL spectra of ZnO and Zn, Ni,0 (x = 0, 0.03 and 0.05) samples are shown in
Figure 4. The PL emission spectra are taken at excitation wave-length: i, = 320 nm Figure 4(a)
shows the PL emission plot for ZnO and Zng :Niy 0 samples in the range 340 nmto 525 nm.

(a) H —8—Za0
g —9—Zn0: 5% Ni
i A i
H 74} i
< ‘ H
& e
; | :
i ’-‘ \ i
350 375 400 425 450 475 500 S2S 360 380 400 410 440
‘Wavelength [nm] Wavelength [nm]
? . —@— Zn0: 5% Ni
(€ ¢ ~—omommN ) A
i T
5 ]
i H
£ =
i H
s L
=
T T T 360 380 M0 020 H0 460 40
Wavelength [nm] Wavelength [am]

Figure 4: (a) represents the PL Spectra of un-doped and Zn,,Ni,O (x = 0, 0.03 and 0.05) samples. Figure 4 (b}
() & (d) shows the Gaussian fitting of the broad PL emission peak. The peak positions are also indicated in the
figure.

In Figure 4(a) we could see broad and asymmetric PL emission peak ranging between 370 nm to 430
nm). However, it is important to note that strong defect related visible emission has not been observed
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between 2 eV 1o 3 eV for these samples. The broad UV emussion peak was de-convoluted into two
Gaussian peak and positions of respective peak determined from the fitting are mentioned in Figure 4
(b), (c) and (d) for un-doped and doped samples. In case of ZnO with the excitation wave-lengths: ..
= 320 nm, the 1" peak is observed is near 386 nm (3.21 V) and that peak corresponds to near band
edge (NBE) emission. The second peak is located around 410 nm (3.02 €V) is possibly due to
transition between shallow donor level created by interstitials Zny defects to the upper level of the
valance band [20, 21]. In case of Znos:Nio 7O and Znes:Nio 070 samples the near band edge emission
was found at 393 nm and the defect related emission peak has been observed near 440 nm. This
particular peak (440 nm) has been identified as due the transition between shallow donor levels due to
Zmny defects to the levels created by singly ionised Vg, [22] above the valance band. Even after
extensive work on PL emission characteristic on ZnO nanoparticles, understanding of the origin
visible PL emission is still under debate. Here in this work we could only identify Zn; and V;, defects
from PL emission. However, PL emission with higher excitation wavelength (A.,) may be helpful to
understand the deep level emission more clearly for these Zn, Ni,O nanoparticles and in future will
contime to do the PL study with higher A...

3.3. Micro-structure and vibrational property study by Raman Speciroscopy.

In Figure 5 the room temperature Raman spectra of un-doped and Ni doped ZnO samples are
plotted. Raman Study could helped us to investigate the effect of doping on micro-structure and
vibrational property of Zn, Ni,O (x = 0, 0.03 and 0.05) samples. We could identify the 4,, E;, E,
vibrational modes and the corresponding peak positions are mentioned in Figure 5. In case of wwrzite
phase of ZnO (space group C*,) the strongest characteristic peaks are the two £, modes, are observed
near 102 cm™ and 439 em! and are identified as E,"°" and £,™# [4, 11] modes respectively. We must
note here that £.*°™ mode is associated with the vibration of Zn atoms whereas E;™% is associated
vibration oxygen atoms [23]. The Raman peak near 334 cm* can be identified as: ;% E"" mode.
It is a 2*¢ order Raman mode involving multi-phonon process [24]. The Raman mode E™# (439 cm)
represents the band characteristic in ml:zurlghasv of ZnO [18]. With increase of Ni doping lowering
of peak intensity and broadening of the E-®* peak could be seen, in Figure S(b). Particularly the
broadening is quite noticeable in case of Zngo:NipesO sample. It may indicate change in the band
structure of the Zny Ni,O (v = 0, 0.03 and 0.05) samples and it is also consistent with changes as
observed in UV-visible absorption and the PL emission spectra of respective samples. However,
Kharroubi f al. have argued that variation of peak infensity of E;™* mode is due to change in exciton-
phonon coupling strength [18]. The peak intensity of this £:%# mode is found as decreased strongly
with Ni doping concentration. Inset of Figure 5(b) shows the variation in peak intensity ratio [I5/1g] of
the E;** mode. A noticeable change in the ratio of Lo/Iy has been observed and is the result of
deformation in the structure [11] induced by doping with Ni ions and that might also affect the
properties of free-exciton in these samples [18].

We could further identify the A, and E; modes in the Raman spectra of the Zn,.Ni,O (x =0, 0.03 and
0.05) samples and are highlighted in Figure 5. It is important to note that the A, and £; mode both are
Raman and Infrared active and are split into transverse optical (TO) and longitudinal optical (LO)
components [4] with different frequencies. The intensity corresponding to the A(TO) mode (~384 cnr
'} is very week and the £,(TO) mode observed near 412 em™ is practically invisible (supressed within
the background) in case Ni doped samples. Also Ay(LO) mode has been identified near ~583 cm for
the un-doped ZnO sample although the intensity of that corresponding peak is very week. This
particular mode [A,(LO)] is associated with oxygen vacancy (Vo) or interstitial-zinc (Vz,) defects or
their complexes present in the samples [25]. Low intensity of Aj(LO) mode may indicate low level of
defects concentrations in these samples. However, for Ni doped samples a broad hump like feature has
been observed within the range 500 cm™ to 600 cm’, indicating that doping could induce more
wvacancy type defects and also structural deformations in Zny ,Ni,O (x=0.03 and 0.05) samples.
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Figure 5: Represent the Raman spectra of ZuO and Z01,N50 (x = 0, 0.03 and 0.05) sauples aud Figwe S(b)
describes the enlarged view of £:* characteristic mode of respective samples. Inset of Figure 5 (b) shows the
variation Intensity ratio I/l for the particular £;"# mode of respective samples.

4. Conclusions.

In summary Ni doped ZnO [Zn; ;Ni;O (x = 0, 0.03 and 0.05)] samples were synthesized by simple
chemical co-precipitation method using an ultrasonic bath. During synthesis the temperature has been
maintained at room temperature. Based on XRD and Raman study we could say that samples are
forming in wurzite phase of ZnO. However the solubility limit of Ni in ZnO is found to be quite low.
In the XRD pattern we could identify the NiO phase even when doping concentration is just 3at% of
Ni. The lattice constants of Zn, ,Ni,O (x = 0, 0.03 and 0.05) samples arc estimated and with the
increase of doping a small but systematic increase in lattice constants (a & c) values has been
observed. The analysis of UV-visible absorption spectra indicates that band gap (E,) is increased with
doping. Further PL emission study with the excitation wave-length (A, = 320 nm) shows a strong
NBE emission around 393 nm for these doped samples. However, defect related emission is quite low
in case of doped and pure samples. It may indicate that relative concentration of defects, like vacancy
type defects (Vo and V,) or interstitial defects (Zny) are small for these samples. However, at this
point we can only say that PL study with higher excitation wave-length (ie. J,x > 320 nm) could
unfold the deep level defect emission with more clarity for these nanoparticles. With increasing
doping concentration the wurzite structure degrade gradually. Raman spectra of the Zny, Ni,O (x =0,
0.03 and 0.05) samples exhibit broadening of 439 em™ peak quite significantly in comparison with un-
doped sample. It is possibly due to the change appearing in the band structure with doping. In case of
Ni doped ZnO samples reduction in grain size and structural disorder is increased and that may

ibute to the ing of £ istic peak also.
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Abstract. The present work demonstrates synthesis and study of physical properties of
chemically synthesized ZnO nanoparticles by co-precipitation technique. Detailed
synthesis procedure had been described in the experimental section. Chemically
synthesized ZnO samples were annealed at 300°C and 500°C. These samples have
Dbeen characterized by doing X-Ray diffraction (XRD), photoluminescence (PL) and
Raman spectroscopy. XRD patterns indicate wurzite structure of these samples. SEM
pictures shows growth of grain size with annealing temperature treatment. The lattice
parameters (a & c) of ZnO samples are showing increasing tendency with annealing
treatment. PL spectra with excitation wavelength : A,=330 nm exhibit a broad and
asymmetric UV band centred around 386 nm (~ 3.212 V) and 390 nm (~ 3.179 ¢V)
respectively for the 300°C and 500°C annealed samples. Broad UV emission band
indicating that, it has defect related origin. The Raman spectra of these samples
indicate that intensity of Raman peaks improves with annealing at the higher
temperature. Possibly high temperature annealing (500°C) brings modification into the
micro-structure. The micro-structure and optical properties of these synthesized
samples are compared with that of pure ZnO powder samples. Finally correlation
between structural and optical properties has been made based on the analysis of
experimental data.

Key words: Oxide semiconductor, Band gap, Photoluminescence, Raman spectroscopy

1. Introduction

Zinc oxide (Zn0O) is the most p ing pound in the II-VI du family. The
material ZnO is a wide direct band-gap semiconductor [1-2]. In comparison to the excitonic binding
energy of GaN (21 meV) and ZnSe (22 meV), ZnO has much larger excitonic binding energy (60
meV) at room temperature [2]. Direct band-gap and large excitomic binding energy at room
temperature make it a potential candidate for application in optoelectronics [3]. Moreover ZnO shows
high radiation resistance [4] and therefore suitable for developing photodiodes, photo-detectors [3],
piezoelectric transducers and gas sensors [4-5]. ZnO nanoparticles (NPs) have application in spin
electronics [6]. Generally ZnO crystalize in wurtzite crystal structure. Inside the wurtzite structure we

r_“ Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
S 7 of this work must maintain attribution to the author(s) and the title of the work, joumal citation and DOL
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could see tefrahedral coordination between 4-oxygen atoms with Zinc atom. The wurtzite structure has
hexagonal unit cell with space group C's, [3] and the lattice constants are a = 3.25 A & ¢ = 5.21 A
respectively [7]. For the ideal structure the ratio of the lattice constants (c/a) is found as ~1.633 [4]. In
chemically synthesised ZnO samples, the actual structure may deviate a little from ideal wurtzite
structure and therefore c/a ratio is generally found less than 1.633 [8].

Different synthesis technique could be used to prepare ZnO NPs [4, 7-10]. Also ZnO can be
synthesized in different nanostructures [11] and these nanostructures have unique optical properties.
Actually different microstructure ie. grain size, lattice constant, lattice strain and defects at grain
boundaries strongly influence the optical properties of ZnO. Moreover ZnO is a non-toxic material and
therefore NPs of ZnO have been used for delivering drugs to the infected areas of the body [11]. Also
ZnO NPs have been used as catalysis for organic reactions [3]. Therefore synthesis of nanoparticles of
ZnO with controlled size and shape by some suitable chemical synthesis techniques is indeed an
important area of study. Simple and widely used co-precipitation technique has been used in this work
for preparing ZnO NPs. The co-precipitation synthesis technique for preparation of nanostructures is
based on bottom up approach [3, 12]. In this process the product yield is low and the final product may
contain some impurities or un-reacted raw materials. Therefore it is necessary to wash the final
product several times by distilled water or by alcohol. However, this simple technique is very useful
for synthesis of control nanostructure (ie. size and shape) and for doping by other elements into
semiconductor nano-crystals.

Nano-crystalline ZnO is found as enriched with defects (vacancies or interstitial type) and
lattice imperfections [1-3. 8]. These structural defects are present on the grain surfaces mostly of these
nanoparticles and could modify the electronic [3] and optical [4] properties. It has also been reported
that defects of particular type (Zinc vacancy: Vz,) [8] possess magnetic moment and therefore could
induce ferromagnetic interaction in NPs of ZnO. This phenomenon is described as &° ferromagnetism
[6]. Characterization of those defects is important to explain the modification as observed in optical
properties of ZnO nanoparticles. In this present work physical properties of chemically synthesized
nanoparticles have been studied. Structure and morphology of the samples are characterised by X-ray
diffraction (XRD) and scanning electron microscopy (SEM). Optical and microstructural properties
have been studied by Photoluminescence (PL) and Raman spectroscopy. Finally the results of different
measurements have been analysed and compare with the results of pure ZnO samples.

2. Experimental Work.

2.1. Synthesis of Samples

The present work describes synthesis and smdy of p]\yslcal properties of chemically
synthesized ZnO nanoparticles y Raw materials used for
preparation of ZnO are Zinc Acetate [Zny(CH,COO), 2H>0] and Sodium Hydroxide [NaOH] and both
these raw materials are dissolved in methanol in two separate containers. During synthesis, NaOH
solution has been added drop wise into the transparent Zinc-Acetate solution under sonication in an
ultrasonic bath. The re of the bath was d at 30°C during reaction. A
white precipitate appears at the end of the reaction. After complete reaction the end product was
collected by using a centrifuge machine. To separate out the un-reacted raw materials the precipitate
has been washed several times by using double distilled water and ethanol. Finally the ZnO NPs were
taken in a crucible and annealed at 300°C and 500°C for 3 hours inside a box furnace. These two
samples are denoted as ZnO_S1 and ZnO_S2 respectively. Also pure ZnO powders (purchased from
Sigma Aldrich with purity 99.99%) are annealed at 300°C and 500°C for 3 hours. These two samples
are denoted as ZnO_P1 and ZnO P2 respectively in this manuscript. Characterization of both
chemically synthesised and pure samples has been performed and described
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2.2, Characterization of Samples

We did structural and optical property measurements of synthesised samples. XRD measurements at
room temperature have been performed with the scanning rate 0.5° per second and Cu-K, radiation
(wavelength: 2= 1.54A) is used. XRD data were taken in the 26 range 25°-80°. Also room temperature
PL emission measurement of these samples has been performed by using Agilent Cary Eclipse
fluorescence spectrometer. The excitation wave lengths used for PL experiment are 330 nm and 350
nm. To study surface morphology and grain size we did SEM measurement. Raman spectra of
respective samples have taken in the range 50 cm’ to 800 cm™. A laser source of wavelength 532
is used for Raman Spectroscopy. A detailed analysis on structural and optical and vibrational
properties is presented in section 3.

3. Results and Discussion.

3.1. Structural characterization of Samples:

Figure 1 shows the XRD pattern of chemically prepared and pure samples. The XRD pattern
reveals polycrystalline nature of these samples. The diffraction peaks located at 26° = 31.88°, 34.54°,
36.37°, 47.68°, 56.69°, 62.94°, 66.44°, 68.10°, 69.17°, 72.62° and 77.04° could be identified as (100),
(002), (101), (102), (110), (103), (200), (112), (201), (004) and (202) diffraction peaks of wurzite ZnO
[1]. However, all these powder samples exhibit strong (101) diffraction peak in the XRD pattern. The
diffraction peaks of ZnO_S1 sample are broad that indicates gram sizes are small. We could see from
Figure 1(c) that with ing at higher temp d of the ion peaks are reduced
and intensity of peaks are getting improved with r&specl to the background, as seen for the sample
Zn0O_S2. The FWHM (full width at half maxima) of the (101) diffraction peak of respective samples
are used to estimate the average size of grains by using the relation known as Scherrer equation as
described in equation (1).

092

Here % is wavelength (A= 1.54A) of the X-ray used and j is the FWHM (on 26 scale) of the diffraction
peak and D is the grain size. The FWHM of the diffraction peaks contain contribution of many factors
like: effect of finite crystallite size and their distribution, presence of defects or disorder and strain due
to deformation in the Lattice. Also instrumental broadening contributes to the overall broadening of
the XRD peaks. However, instrumental broadening could be eliminated from the XRD data easily as
described in [13]. Structural changes occurring with annealing at 300°C and at 500°C could be seen
from XRD Pattern [inset of Figure 1 (c)]. ]mprovemem ].I:l clvsmllme quality has been observed after

ling at 500°C temp For d samples no significant change in the
XRD line width (FWHM) and intensity of the corresponding XRD peak with respect to background
has been observed. FWHM values of the (101) peak of ZnO_P1 and ZnO_P2 samples are found as
0.286 and 0.295 [in degrees] and therefore grain sizes are also found as nearly same 56.39 nm and
54.67 nm respectively. However, in case of ZnO_S1, the estimated grain size is 24.19 nm and for
ZnO_5S2 the calculated grain size is found as 64.77 nm. Estimated values of average grain size of these
4 samples are tabulated in Table 1.

It is important to note that Scherrer equation gives information only about the average size of
the crystallite and ignore the effect strain in the lattice. The calculated values of grain size according to
equation (1) may vary about 2 nm on the average. Inset of Figure 1 shows that the XRD peaks are
shifted towards lower angle when annealing temperature is increased to 500°C. It implies lattice
constants (a & c) are increased. The lattice parameters and the cell volume of these samples have been
calculated by using the following equation (2) and (3) and are listed in Table 1. In the XRD
measurements of pure and annealed samples (annealed at 300°C and 500°C) we could not see any such
low angle shifting in XRD peak positions and therefore lattice constants in this case are found as
comparable. The bond length of Zn-O bond has been calculated by using equation (4) as described in
[14].
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Figure 1: X-ray diffraction pattern of pure and synthesised ZnO samples. Inset of Figure 1(c) shows the

enlarged view of the XRD pattern of ZnO_S1 and ZnO_S2 samples. A very prominent lower angle shift was
noticed for 500°C annealed sample.
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In equation (2), dyy represents the inter-planar spacing corresponding to the Miller indices (4 k /) and
in equation (4) ‘u’ is the positional parameter. The estimated values of /* for these samples are given
in the Table 1. For the sample ZnO_S1, the estimated value of a = 3.238+0.003 A and ¢ = 5.174+0.003
A which are comparable with the reported values of lattice parameters of chemically synthesized ZnO
[71. We could see a lmle enhancement in values of lattice constants and bond-lengths of Zn-O when

isi to 500°C, The wurzite structure of ZnO is composed of two infer-
penelratmg hexagoual closed packed sub-lattices. The lattice constant ‘e’ represents the length of the
basal plane of hexagon and the constant ‘¢’ represents the axial height normal to that basal plane [15].
Therefore it is important to note variation of the c/a ratio for the ZnO_S1 and ZnO_S2 samples and it
is found to be 1.598 and 1.603 respectively. The c/a ratios are smaller than 1.633, the c/a ratio of ideal
wurzite structure [8]. It further indicates distortion in wurzite structure particularly in ZnO_S1.
However, c/a ratio is increased with annealing.

Figure 2 depicts the SEM images of ZnO_S1 and ZnO_S2 samples respectively. The grain
sizes for these samples are found as larger than that we have estimated from XRD data. SEM images
of ZnO_S1 shows that nanoparticles are more or less spherical in shape. In this context we should
highlight the work by M. Ghosh er. al. [15], they had demonstrated that spherical shaped nano-
particles are formed when NaOH-ethanol solution is added in the ethanolic solution of Zn-acefate at
60°C to 75°C. We had prepared the nano-particles of ZnO following the similar co-precipitation
technique but methanol is used as solvent in this work. Further annealing at higher temperarure

(2)

4
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(500°C) we could see grains are agglomerated and thereby forming bigger size grains. The SEM
images of ZnO_S1 and ZnO_S2 also indicate the distribution in grain sizes.

Figure 2: SEM micrographs of (a) ZnO_S1 and (b) ZnO_S2 samples.

Tablel. Lattice parameters & grain size of respective samples

Sample FWHM D 20 ¢d) a@d) ca i v
aon - mm) 290y £0.003 +0.003
+2 nm
ZnO S1 0667 2419 3465 5174 3238 1598 1967 4698
Zno 82 0249 6477 3454 5189 3238 1603 1970  47.12
ZnO Pl 0286 5639 3454 5189 3239 1602 1969  47.15
ZnO P2 0295 5467 3456 5087 3237 1603 1970  47.10

3.2. Optical Property Study by PL Emission Spectroscopy.

The PL spectra of ZnO samples are depicted in Figure 3. We have taken the room
temperature PL emission spectra at the two different excitation wave-lengths: A = 330 nm and ke =
350 nm. In case of pure and annealed samples the near band edge emission (NBE) could be seen near
386 nm (3.21 V) irrespective of the excitation wave-length. The UV peak near ~ 3.21 eV is due to
bound excitonic transition [15]. Figure 3 shows broad and asymmetric UV band for these samples
The experimental PL data of chemically synthesized samples (range between: 360 nm to 425 nm) has
been fitted with two Gaussian line shape and peak positions are extracted from the fitted curves,
shown in Figure 3 (e) and (f). For the sample ZnO_S2 with excitation wave-length: A = 330 nm, the
1" peak : P1 observed at 389 nm (3.19 V) is identified as near band edge emission whereas the 2
peak : P2 centred at ~396 nm (3.13 eV) is possibly due to band to band transition into the band tails
states [16]. When excitation wave-lengths is increased to : A = 350 nm the 1" and 2* peak are found
to be ~389 nm (3.19 eV) and ~399 nm (3.10 eV) respectively for the same ZnO_S2 sample. The
Gaussian fitting of the UV emission peak for the ZnO_S1 has also been performed and presented in
Figure 3 (e) and (f).

The peak positions for the two excitation wave-length are comparable with one other. In
literature several conflicting reports on the PL study of ZnO NPs are present. We have assigned the
peak P2 (near 400 nm) due to transition into the band tails states. However, Xu er. a/ [17] theoretically
predicted that the PL emission near 3.07 eV is associated with the electronic transition from the
bottom of the conduction band to the shallow acceptor level formed by Zn-vacancies (Vz,). Here in
this work we have found that peak P2 is situated ~3.10 eV, therefore the contribution of Vz, or Vz,
defect complexes to that peak (~ 3.10 V) could not be ignored completely. Important to note here that
defect related green emission in the visible range (2-3 €V) is very small for both the excitation
wavelengths.
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for all these samples, indicating low defect concentrations level in these pure and synthesised ZnO

g e ©* 3 vown (0 samples. This observation is coherent with the PL emission of ZnO samples where nearly suppressed
'“ ! f : (e) 200 82 () defect related green emission in the range 450 nm to 550 nm has been observed. Improvement in
:" f in0.51 A i crystalline quality in ZnO_S2 with annealing has been supported further very strongly by Raman
" H o 38 =

A, 330 nm

Spectroscopy.
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Figure 3: Room temperature PL emission (a. b, ¢ and d) of all pure and synthesised ZnO samples. Figure (¢) & 5
(f) indicates Gaussian fitting of broad emission peak extending from near UV region to the blue green region ] oY
(360 nm to 425nm) of ZnO_S1 and ZnO_S2 samples. The peak positions are indicated by P1, P2 respectively. o] Feanet -
! . . L 2 g : 500 520 540 560 SS0 GO0
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3.3. Study of Vibrational modes by Raman Spectroscopy. Raman Shift (cm™)
Figure 4: Room temperafure Raman spectra of all pure and synthesised ZnO samples. Figure 4 (b) & (c)
Figure 4 shows the room temperature Raman spectra of wurzite structured ZnO (space indicates Gaussian fitting of broad peak extending from 510 cm” to 610 e of ZnO_S2 and ZnO_Slsample
group: C's) samples and it contain several 1% order and 2" order phonon modes. Based on existing respectively. The peak positions are indicated by P1, P2 respectively in the figure.
literature those modes have been identified. From Figure 4 we could identify the 4,. E,, E, vibrational
modes for all these 4 samples. The Eymodes are labelled as E,"" and ;™ and are observed in these 4. Conclusion
4 samples [4]. These E, modes are nonpolar and £, (~ 439 cm™) is associated with the vibration of The present work describes simple synthesis techni for the ion of icles of ZnO.
oxygen atoms and the mode: ;"™ (~ 101 cm™) is due to vibration of Zn sub-lattice [3]. Giri et al. [3] Structural, optical and vibrational properties of the synthesised ZnO nano-particles have been
had described the strong E,™® mode as characteristic mode of the wurzite crystal structure. Another and results of are compared with that of pure ZuO nano-powder. The XRD
Raman peak ~ 334 cm™’ has been observed and represented as £ B mode, which is a 2° order measurement shows wurzite structure of the chemically synthesised samples: however lattice constant
Raman mode involving acoustic phonons. Also the presence (-)f Eaﬂlb- E mode indicates ood varying with the annealing temperature treatment. The crystalline quality of ZnO_S2 sample is much
structural quality of these 4 samples. We should mention here that position of the E» peaks (E,"" and improved than Zn0_S1 sumple as reflecied by varintion of o/a mtio of respective samples. In PL

emission for excitation A., = 330 nm and A, = 350 nm of the chemically processed ZnO_S2 sample
we could see the NBE emission ~ 389 nm (3.19 eV) which is quite closed to the observed NBE
transition ~386 nm (3.21 eV) for pure ZnO sample. However, defect emission particularly green PL
emission is very insignificant for these synthesised and pure samples. Further Raman study has been
used to probe the structural disorder in these samples and it is clearly manifested from figure 4. The

E;™®) matches closely for synthesized (ZnO_S1 & ZnO_S2) and pure ;zm)l & Zn0O_P2) samples.
Further a strong enhancement in intensity of the peak ~ 439 cm™ (E;"‘ mode) for ZnO_S2 is seen in
Figure 4. In case of pure (ZnO_P1 & ZnO_P2) samples E, peaks are of comparable intensities
however, intensity of the £, mode is imgmved much when annealing temperature is 500°C. We could

see further rhﬂl}&%k corresponds to £5™ mode is asymmetric. The asymmetric line shape and line- characteristic £,"% mode (~ 439 cm™) are of comparable intensity for the pure samples but the same
width of the £,™*" mode reflects variation of resicual stress and structural damages or defects in these peak become quite strong after annealing at 500°C in case of ZnO_S2. In future we will continue this
synthesized samples [7]. The relative intensity variation with respect to background of the B mode work and study modification of physical properties of ZnO nanoparticles as a function of particle sizes
for ZnO_S1 & ZnO_S2 samples qualitatively describes presence of disorder in the crystal lattice. and shapes.
The Raman active 4, and E, mode are polar modes and therefore split into longitudinal 5. Acknowledgement.

optical (LO) and transverse optical (TO) modes [18], also shown in Figure 4. In case of pure and Author S, K. Neogi is thankful to Adamas University for providing support in preparation of samples.
annealed ZnO samples a very faint signal of 4; (TO) and £, (TO) modes could be seen near ~381 cm’* ‘We also acknowledge the support and help provided by Department of Physics of Sidho-Kanho-Birsha
and 412 cm™. Only 4, (TO) (near 385 cm™) mode could be seen for the for the synthesised ZnO_S2 University (SKBU). Purulia for XRD, PL and Raman spectroscopy measurements. We also
sample. Further Raman spectra of these ZnO (both pure and synthesised) samples show a hump like ack_n_owledge the Nanoscience and Nano-technology centre of Calcutta University for providing SEM
peak although very weak in intensity in the range between 510 cm™ to 610 cm™”. We have made facility.

Gaussian fitting (only for the synthesized and annealed ZnO samples) and the broad peak de-
convoluted into two 2 peaks centred near 544 cm™” and 580 cm’, shown in Figure 4 (b) and Figure 4
(c). The peak observed near 544 cm™ has been assigned to 2LA mode [19] and the peak near 580 cm™
is due to 4,(LO) mode which is either due to oxygen vacancies or due to Zn-interstitial defects [20]
The intensity of 4;(LO) mode is quite weak when we compared it with respect to E,fi8 peak intensity
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