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Nanomaterials have gained significant attention due to their size-dependent physical and chemical prop-
erties, which differ markedly from bulk materials. Their high surface-to-volume ratio enables control over
particle size, morphology, and surface characteristics, enhancing performance in applications such as optoe-
lectronics, photovoltaics, catalysis, energy storage, and biomedicine. Among them, transition metal oxide na-
noparticles are particularly important due to their chemical stability, tunable band structure, and versatile
properties. Although cadmium oxide (CdO) nanoparticles have been widely studied for synthesis and basic
characterization, their behavior under acoustic shockwave loading remains insufficiently explored. Existing
literature lacks a systematic understanding of structural and optical modifications induced by shockwaves
and their underlying mechanisms. This study addresses these gaps by investigating the synthesis, structural,
and optical properties of CdO nanoparticles subjected to acoustic shockwave loading. The work includes syn-
thesis methodology, shockwave treatment, and characterization using PXRD for crystal structure, photolumi-
nescence for optical properties, and SEM for morphology and particle size distribution, providing insight into
shock-induced modifications.
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1. INTRODUCTION

Nanomaterials have attracted attention due to size-
dependent physical and chemical properties distinct from
bulk materials. Their tunable size, morphology, and surface
characteristics enable applications in optoelectronics, photo-
voltaics, catalysis, energy storage, and biomedicine. Transi-
tion metal oxide nanomaterials are particularly studied for
their chemical stability and tunable band structures [1].
Cadmium oxide (CdO), an II-VI semiconductor with a cubic
rock-salt structure, exhibits n-type conductivity [2]. Its
properties are governed by intrinsic defects such as oxygen
vacancies and cadmium interstitials, resulting in high carri-
er concentration. CdO typically shows a direct band gap of
~2.2 eV, with high conductivity and optical transparency. Its
optical and electronic properties depend on crystallite size,
lattice strain, and defect states, which can be tuned via syn-
thesis conditions [3]. CdO nanostructures are widely used in
gas sensors, solar cells, phototransistors, transparent con-
ducting oxides, and supercapacitors due to high surface area
and improved charge transport [4, 5]. Among synthesis
methods, co-precipitation is simple and cost-effective [6].
Studying nanomaterials under shockwave loading is crucial,
as extreme conditions can induce structural changes or sta-
bility depending on material properties [7]. Therefore, inves-
tigating the response of CdO nanomaterials under shock-
wave conditions is critical for evaluating their structural
stability and potential applicability in high-energy environ-
ments. The present work focuses on the synthesis of CdO
nanoparticles via a simple chemical co-precipitation method
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followed by structural and optical characterization. Fur-
thermore, the effect of dynamic shockwave exposure on the
structural stability and physical properties of CdO nanopar-
ticles is systematically investigated to understand their be-
havior under extreme conditions.

2. MATERIALS AND METHODS

2.1 Synthesis and Acoustic Shockwave Treatment of
CdO Nanoparticles

CdO nanoparticles were synthesized via a co-
precipitation method using cadmium nitrate tetrahydrate
and deionized water at ~ 25 °C. Aqueous ammonia was add-
ed to achieve a pH of ~ 8, leading to the formation of cadmi-
um hydroxide precipitate, which was then centrifuged,
washed, and dried. The nanoparticles underwent acoustic
shockwave treatment in a semi-automated Reddy shock
tube, using Mach 1.5 shockwaves produced by compressed
air [8]. Three samples were tested: one control and two sub-
jected to 200 and 400 shock pulses.

2.2 Structural, Optical, Morphological, and Ele-
mental Characterization

The synthesized control and shock-treated CdO nanopar-
ticles were comprehensively characterized using PXRD, UV-
Visible spectroscopy, photoluminescence (PL), scanning elec-
tron microscopy (SEM), and energy dispersive X-ray analy-
sis (EDAX). The crystallographic structure and phase purity
were examined using PXRD (Bruker D8 Advance, CuKa
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80ml of DW + 15g
of metal salt
_—

C Stirring at room temperature for
upto 2hrs

Adjust the pH of the solution to
8 by addition of ammonia

Centrifuged for 30 mins at 300rpm
with ethanol to remove impurities

100ml of DW + 8g of

NaOH

Precipitate was dried at 80 deg for 2hrs in hot
air oven

The obtained ppt was crushed
using mortar for ultrafine
powders

Ppt was annealed for
about 5hrs at 500° C

Fig. 1 - Synthesis of CdO

Diaphragm

Fig. 2 - Schematic representation of semi-automated shock tube

radiation, A= 1.5406 A) operated at 40 kV and 40 mA over a
20 range of 20°-80°. The diffraction peaks corresponding to
the (111), (200), (220), (221), (311), (400), and (420) planes
matched well with standard JCPDS data (78-1125), confirm-
ing a face-centered cubic (fcc) structure with high crystallin-
ity and phase purity. No secondary phases were observed in
either control or shock-treated samples (50-200 pulses), in-
dicating structural stability under shock loading, although
slight peak variations suggested changes in crystallite size,
strain, or defect density. Optical properties were investigat-
ed using UV-Visible spectroscopy in the 200-800 nm range.
The CdO powders were dispersed in a solvent, ultrasonicat-
ed, and analyzed using a quartz cuvette. The optical band
gap (Eg) was determined using the Tauc relation:

Table 1 — PXRD parameters of unshocked and shocked CdO NPs
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(ahv)n = A(hv—Ey)

where « is the absorption coefficient, Av is the photon ener-
gy, Eg is the optical band gap, A is a constant, and n depends
on the nature of the electronic transition. For direct allowed
transitions, the value of n = 2 was considered.

Band gap values were determined from (ahv)? vs. hv plots,
with variations in absorption edge attributed to structural
changes, defect states, and possible quantum confinement.
Photoluminescence (PL) analysis using a Shimadzu RF-6000
revealed both band-edge and defect-related emissions, with
shifts indicating changes in defect density and recombination
behavior. SEM (TESCAN VEGA 3) showed particle distribu-
tion, agglomeration, and shock-induced morphological chang-
es. EDAX confirmed Cd and O as primary elements, validat-
ing purity and stoichiometry, with minor peaks due to in-
strumental artifacts. Overall, CdO nanoparticles maintain
structural integrity while exhibiting tunable optical and mor-
phological properties under shock treatment.

3. RESULTS AND DISCUSSION

3.1 Structural Stability of CdO Nanoparticles (PXRD
Analysis)

PXRD patterns confirm that both control and shock-
treated CdO nanoparticles retain characteristic peaks of a
face-centered cubic (fec) structure, corresponding to the
(111), (200), and (220) planes. This indicates preservation of
the fundamental crystal framework without phase trans-
formation or structural degradation after acoustic shock-
wave exposure. Similar observations have been reported,
where CdO maintained dominant FCC peaks with slight
intensity variations due to lattice strain and defect for-
mation [9]. Absence of secondary phase peaks were detected,
confirming phase purity under shock conditions. A slight
shift in diffraction peaks toward higher 20 values was ob-
served in shock-treated samples, suggesting lattice contrac-
tion caused by compressive stress and induced microstrain,
leading to reduced interplanar spacing [10]. Crystallite size
decreased from 58.1 nm (control) to ~ 53.9 nm (200 pulses),
indicating defect generation and fragmentation of crystal-
line domains. This trend agrees with earlier reports linking
external stimuli to size reduction via strain accumulation
and structural rearrangement [11]. Overall, CdO nanoparti-
cles demonstrated high structural stability with minor mi-
crostructural modifications under shock loading.

No of shock pulses Average crystallite size (nm) Microstrain d-spacing ()
0 shock 58.1nm 2.07 1.9581
50 shock 57.9 nm 1.99 1.9578
100 shock 56.9nm 1.85 1.9565
150 shock 54.0 nm 1.76 1.9559
200 shock 53.9 nm 1.69 1.9511

Previous static compression studies indicated that CdO
in the B1 phase remains stable up to ~ 84.4 GPa, with tran-
sition to the B2 phase initiating near 90.06 GPa and com-
pleting around 102.5 GPa [12]. Since the shock pressures
applied in this study are much lower, the absence of any
phase transition aligns with the expected structural stabil-
ity of cubic CdO. However, shock and static compression

differ fundamentally and need to be compared cautiously.
The crystallite size, estimated using the Debye-Scherrer
equation, decreased from 58.1 nm (control) to 53.9 nm (200
shocks), suggesting shock-induced defects, microstrain, and
fragmentation of crystalline domains.

The GIXRD (Grazing Incidence X-Ray Diffraction) pat-
tern of the CdO deposit shows characteristic reflections con-
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sistent with cubic CdO, confirming phase retention after
deposition. However, the peaks are broader, less intense,
and accompanied by a diffuse background hump (20°-40°),
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Fig. 3 — PXRD pattern of control CdO NPs
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Fig. 4 - PXRD of control and shocked CdO NPs
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Fig. 5 - XRD of CdO powder and deposit

typical of electrophoretically deposited thin films. The graz-
ing-incidence mode enhances surface sensitivity while re-
vealing the nanocrystalline and partially disordered nature
of the film. Similar trends, including peak broadening and
reduced intensity due to small crystallite size and low densi-
ty, have been reported [13]. The results suggest smaller
crystallites, lattice strain, and possible surface roughness or
residual porosity in the deposited layer.
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3.2 UV-Vis Analysis

UV-Visible spectra showed an absorption edge near
240 nm for both control and shock-treated CdO nanoparti-
cles, indicating band-to-band transitions. The control sample
exhibits a band gap of ~ 3.22 eV, slightly higher than bulk
CdO, likely due to nanoscale effects and defects. With in-
creasing shock pulses, the band gap decreases marginally to
~3.16 eV [14], suggesting lattice strain, defect redistribu-
tion, or minor structural distortions. Similar band gap vari-
ations have been reported in semiconductor nanomaterials
under mechanical or high-pressure conditions.

Control
S0shock
100s hock
150shock
200 shock

Absorbance{a.u)

Fig. 6 — UV-Vis absorption spectra of control and shock-treated CdO NPs

Band gap energy was calculated using the following relation,

Eg=" =22 _ 322V
Eg=3.22¢eV

For an absorption edge at 240 nm, the control CdO
shows a band gap of ~ 3.22 eV, while shock-treated samples
exhibit slight variations (3.20-3.16 eV for 50-200 pulses).
These changes may arise from lattice strain and defect
states. The values align with reported nanocrystalline CdO,
suggesting potential optoelectronic applicability [15].

3.3 Photoluminescence Studies

The photoluminescence spectra of control and shock-
treated CdO nanoparticles showed emission peaks at ~ 320,
360, 420, and 460 nm. UV emissions arose from near-band-
edge (excited) recombination, while visible emissions are

Control CdO

—— 50shocks

100 shocks
150shocks

200 shocks

PL intensity {a.u)

W avelength (nm)

Fig. 7 - PL spectrum of control and shock-treated CdO NPs
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linked to non-excited states such as oxygen vacancies and intersti-
tials [16]. A blue shift is observed, attributed to quantum confine-
ment in nanocrystalline CdO. The blue emission results from band-
to-band transitions between Cd-3d and O-2p states, along with de-
fect-assisted recombination. Overall, the emission behavior is gov-
erned by both intrinsic electronic transitions and defect-mediated
processes, influencing peak intensity and position [17].

3.4 Scanning Electron Microscopy

SEM analysis revealed clear morphological differences
between control and shock-treated CdO samples. The un-

J. NANO- ELECTRON. PHYS. 18, 03004 (2026)

shocked sample showed a porous, loosely aggregated struc-
ture, while shocked samples exhibited denser packing due to
shock-induced compressive stresses, leading to particle rear-
rangement and reduced voids. Similar densification and
agglomeration under external energy inputs have been re-
ported. Partial fragmentation of larger agglomerates into
smaller particles was observed, indicating weakening of in-
terparticle bonds under repeated shock exposure. These re-
sults confirm morphological compaction without altering the
crystal phase.

Fig. 8 - SEM images of (a) unshocked, (b) 50 shock, (¢) 100 shock, (d) 150shock, (e) 200 shock

3.5 Elemental Composition Analysis (EDAX)

EDAX analysis confirmed the elemental composi-
tion of CdO nanoparticles, showing distinct peaks for
cadmium (Cd) and oxygen (O). The absence of addi-
tional strong peaks indicates high chemical purity of
the synthesized samples. Minor peaks observed might
be due to background noise or instrumental artifacts
rather than actual impurities. Similar artifacts have
been reported in characterization studies and attribut-
ed to experimental limitations [18]. Thus, EDAX re-
sults validated the successful synthesis and composi-
tional integrity of CdO nanoparticles.

M spectrum 1

Fig. 9 - EDAX spectrum of CdO NPs

4. STUDY LIMITATIONS

Although the present investigation provides in-

sights into the behavior of CdO nanoparticles under
acoustic shockwave exposure, several limitations need
to be acknowledged. The study examined a relatively
limited range of shock intensities and pulse numbers,
which restricts the ability to evaluate the full response
of CdO nanoparticles under extreme shock conditions.
The shock exposure duration is short and transient,
which may limit the extent of structural modification.
Furthermore, the present study relies on post-shock
characterization techniques, and no in-situ diagnostics
were employed to monitor structural evolution during
shock propagation. Future studies involving time-
resolved measurements or higher shock pressures
could provide deeper insight into the dynamic structur-
al response of CdO nanomaterials.

5. CONCLUSION

CdO nanoparticles were subjected to controlled
acoustic shockwave treatment to assess structural and
optical changes. PXRD confirms retention of the cubic
phase, indicating structural stability, while slight crys-
tallite size reduction suggests minor lattice modifica-
tions. Optical studies showed a small band gap de-
crease, and PL results indicate changes in defect-
related emissions. SEM analysis revealed particle com-
paction and rearrangement. Overall, shockwave effec-
tively tunes the structural and optical properties of
CdO nanoparticles, highlighting its potential for future
technological applications.
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JocnigmxeHHs HAHOYACTUHOK OKCUAY KAJMil0 B yMOBAX 3aTyXaHHS AaKyCTUYHUX YIAPHUX XBUJIb
K. Vijayakumar, R. Yoga Indra Eniya, B. Vigneashwari

Department of Physics, Government Arts College for Men, Krishnagiri, Tamilnadu, India

Hanomarepiamu npuBepHyIM 3HAYHY yBary 3aBAsSKNA CBOIM (PISMYHUM Ta XIMIYHHUM BJIACTUBOCTSIM, IO
3aJIeAaTh Bil Po3Mipy Ta SHAYHO BifpPi3HAITHCS Bif BIACTHBOCTEH 06'€eMHIX MaTepiasiB. IxHe BHCOKe CITIiB-
BIJTHOIIIEHHS TTOBEPXHI 710 00'€My JT03BOJIsIE KOHTPOJIIOBATH PO3MIP YACTUHOK, MOP(IOJIOTIIO0 Ta XapaKTePUCTH-
KM TOBEPXHI, MIBUIIYOUN IPOyKTUBHICTh ¥ TAKUX cpepax 3aCTOCYBAHHS, K OITOEJIEKTPOHIKA, POTOEIIEK-
TPUYHI IIPUJIAIH, KATAI3, HAKOIMYEHHA eHeprii Ta oiomeauimua. Cepeq HUX HAHOYACTUHKY OKCHIY IIepe-
XITHUX METAJIIB € 0COOJMBO BAKINBAMU 3aBISIKN CBOIM XIMIUHINM cTa0lILHOCTI, PeryJIbOBAaHIN 30HHINA CTPYK-
Typl Ta yHIBEpCAJbHUM BJIACTHUBOCTAM. Xo4ua HaHoYacTHHKN okcuay KamMmio (CdO) mmpoko BuBuasmcs, ix
HOBEIIHKA ITiJ{ BIUIMBOM aKyCTUYHOTO yIapPHOXBUJIBOBOTO HABAHTAMKEHHS 3AJIUINAETHCSA HEJOCTATHBO JIOCJIi-
mkeHOo0. B icHylouilt siTepaTypi Opakye CHCTEMATHYHOIO PO3YMIHHS CTPYKTYPHHMX TA ONTHYHUX MOAU(iKa-
i, BUKJIMKAHUX YIAPHUMHI XBUJISIMF, TA IXHIX OCHOBHUX MexaHi3MiB. [ame IoCiireHHsT BUBUA€E CHHTES,
CTPYKTYpHI Ta onrtwdHi BiacTuBocTi HaHoyacTHHOK CdO, 110 mimanTees aKyCTHYHOMY YAaPHOXBUIIBOBOMY
HaBaHTAMKEHH. PofoTa BKJIIOUYAaE METOIOJIOTI0 CUHTE3Y, yIaPHOXBUILOBY 00POOKY Ta XapaAKTEPUCTHKY 34
noriomororo PXRD rurst BUBYEHHST KPUCTAIIIYHOI CTPYKTYPH, (POTOIFOMIHECIIEHIII] — J1JIsT BU3HAYEHHS OIITHY-
Hux BiaactuBocTed Ta SEM — must mocaimxeHHsT MOpdoJIorii 1 pO3moIly po3MipiB YaCTHHOK, IO 3abe3medye
PO3yMIHHS MOIMQIKAINH, BURJINKAHUX yIaPHOI XBUJIEH.

Kunrouoeri cioBa: Hanouactuaku orkcnmy kaamio, 3aTyxaHHs akycTUYHOI yaapHoi xBuil, CuHTe3 HaHOMA-
tepiaiis, [lopomkoBa penrreniscska mudpaxriiis, QoromomineciienTHmit anasniad, CraHyoua eJIeKTPOHHA
MIKPOCKOIIis.
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