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Certain binary alloys exhibit magnetic properties which heavily depend on their structural 
order/disorder. For example FeAl is paramagnetic in the chemically ordered B2-phase whereas it 
shows ferromagnetic behavior if the chemically disordered A2-phase is investigated. We will 
demonstrate that by means of ion irradiation a phase transition from the chemically ordered to the 
chemically disordered phase can easily be achieved and that temperature treatment leads to the 
reverse phase transition.  
 

 
 
One of the major advantages of ion irradiation is the fact that the interaction is extremely local and 
hence nanoscale disorder features can directly be written into an ordered environment. This 
technology is used to create nanoscale ferromagnetic features in a paramagnetic matrix. The 
achievable magnetic patterning resolution is determined and the magnetic domains as well as stray 
fields arising from the nanomagnets are imaged.  
Reference:  
R. Bali et al., Nano Lett. 14, 435 (2014).  
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Low Dimensional Nanostructures Produced by High Energy Single Particle  

Shu Seki1 
1Department of Molecular Engineering, Kyoto University. 
*Email: seki@moleng.kyoto-u.ac.jp    Nanowires exhibiting specific biological activities hold promise for interacting with living 
cells and controlling and predicting biological responses such as apoptosis, endocytosis, and cell 
adhesion. We here report the result of the interaction of a single high energy charged particle with 
protein molecules and/or bio-compatible stimuli-sensitive polymeric materials1,2, giving size-
controlled biologically-active nanowires with an ultra-high aspect ratio of over 1000. Degradation of 
the human serum albumin nanowires was examined using trypsin1. The biotinylated human serum 
albumin nanowires bound avidin, demonstrating the high affinity of the nanowires. Human serum 
albumin - avidin hybrid nanowires were also fabricated from a solid state mixture and exhibited good 
mechanical strength in phosphate buffered saline. The biotinylated human serum albumin nanowires 
can be transformed into nanowires exhibiting a biological function such as avidin-biotinyl interactions 
and peroxidase activity. The nanofabrication technique, referred as Single Particle Nanofabrication 
(SPNT)3 was also applied over a large area to the fabrication of retractable nanowires4 (nano–actinia 
tentacle) composed of poly(N–isopropylacrylamide) (PNIPAM) and poly(vinylpyrrolidone) (PVP), 
which are thermo-responsive and hydrophilic polymers5. The nanowires transformed with increasing 
temperature from rod-like- to globule-forms, showing high reproducibility under repeated cycles of 
heating and cooling. The reversible transformation was driven by hydration and dehydration of 
PNIPAM, the thermo–responsive segments, resulting in coil–to–globule transformation of the 
segments. The nano–actinia tentacle systems trapped the nano-particles as a model of living cells 
under thermal stimulation, and the trapping was controlled by temperature. We present herein a 
unique nano–machine system which can be applicable to nano-particle filtering/ sensing systems and 
expandable to large–area functionalization, and demonstrate polymer–based nano–actuators via 
scaling of molecular level coil–to–globule transformation into micron–sizes4,5. The present paper 
also highlights the development of organic nanowires from small-molecular organic compounds 
through intra-track chemical and polymerization reactions caused by high energy charged particle. 
This technique, referred as Single-particle Triggered Linear Polymerization (STLiP)6, afforded the 
isolation of wire-shaped nanomaterials based on pentacene/ porphyrin/ phthalocyanine derivatives 
that was visualized by atomic force microscopy and scanning electron microscopy.  These derivatives 
exhibited high enough propagation and cross-linking reactions in their polymerization processes 
within an ion track.  The STLiP technique serves as a versatile and easy nanofabrication tool for small 
molecular materials and the resultant nanowires with high functional density are potentially usable as 
optical, electronic, and sensor materials6,7. 
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Irradiation by low- to medium-energy ions has proven as a highly efficient technique to nanostructure 
the surfaces of a large variety of materials. For systems that become amorphous under this type of 
processing, like semiconductors, recent developments [1] are changing the classic physical description 
of the ensuing pattern-formation process. E.g., it has been established that the ion incidence angle has 
to go beyond a non-zero critical value in order to produce structured (rippled) morphologies. Such a 
threshold has been theoretically explained on the basis of viscous flow [2] or mass redistribution [3]. 
However, recent experimental results further indicate a (non-classic) lack of universality with respect 
to ion species [1], which affects basic process characteristics, like the very same value of the critical 
angle. To date, this variability has remained unaccounted for. Here we show [4] that the key factor 
behind the range of experimental observations is the non-uniform generation of stress across the 
damaged amorphous layer induced by the irradiation. In turn, it is the ion/target combination which 
controls the inhomogeneity of this stress field, leading to different values of the critical angle for each 
particular case. We reach these conclusions by contrasting a multiscale theoretical approach, which 
combines Molecular Dynamics and a continuum viscous flow model, with experiments on silicon 
using Xe+ ions. Our general approach can apply to a variety of systems and conditions. For instance, 
the independence of the pattern formation process with respect to the type of disorder in the 
amorphized layer on Si can readily be accounted for [5]. We also explore the competition of stress 
with purely erosive mechanisms, to determine the sign of the velocity with which the ripple pattern 
moves across the target plane. We will discuss different situations and make specific testable 
predictions [6]. 
  
References: 
1. For a recent review, see J. Muñoz-García, L. Vázquez, M. Castro, R. Gago, A. Redondo-Cubero, A. Moreno-
Barrado, and R. Cuerno. Materials Science and Engineering R: Reports 46 (2014) 1. 
2. M. Castro, and R. Cuerno, Applied Surface Science 258 (2012) 4171. 
3. S. A. Norris, J. Samela, L. Bukonte, M. Backman, F. Djurabekova, K. Nordlund, C. S. Madi, M. P. Brenner, 
and M. J. Aziz, Nature Communications 2 (2011) 276. 
4. A. Moreno-Barrado, M. Castro, R. Gago, L. Vázquez, J. Muñoz-García, A. Redondo-Cubero, B. Galiana, C. 
Ballesteros and R. Cuerno, Physical Review B 91 (2015) 155303. 
5. A. Moreno-Barrado, R. Gago, A. Redondo-Cubero, L. Vázquez, J. Muñoz-García, R. Cuerno, K. Lorenz, and 
M. Castro, EPL 109 (2015) 48003. 
6. A. Moreno-Barrado, M. Castro, J. Muñoz-García, and R. Cuerno. Nuclear Instruments and Methods in 
Physics Research B (2015) DOI: 10.1016/j.nimb.2015.07.032. 
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Self-organized pattern formation during ion beam erosion can produce a variety of periodic patterns. 
Depending on the substrate and the irradiation conditions ripples, dots, holes or checkerboard patterns 
have been observed [1]. Pattern formation by low energy ion beam irradiation at low temperature, 
where the semiconductor surface is amorphized has been studied in detail in the last decades.  
 
Low energy ion beam irradiation performed above the dynamic recrystallization temperature prevents 
the amorphization of the semiconductor surface. Above this transition temperature, the diffusion of 
adatoms and vacancies across step edges is hindered by an additional potential barrier, the Ehrlich-
Schwoebel barrier. This barrier induces an effective destabilizing surface current during ion beam 
irradiation. This instability induces pattern formation even at conditions leading to a smooth surface 
below the transition temperature. 
 
This mechanism, termed reverse epitaxy [2], allows the creation of novel types of surface patterns 
aligned to certain crystallographic directions of the irradiated surface.  
 
In this contribution we will present different types of patterns on elemental semiconductor surfaces 
and how they can be changed by choosing the surface orientation and the irradiation conditions. The 
symmetry of the created patterns depends on the symmetry of the irradiated surface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: 

1. W.L. Chan,  and E. Chason. J. Appl. Phys. 101 (2007): 121301 
2. X. Ou,  A. Keller, M. Helm, J. Fassbender, and S. Facsko. Phys. Rev. Lett. 111 (2013): 016101 
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The radiation stability of graphene under 150 MeV Au ion irradiation using Raman and XRD 
characterization techniques will be discussed. It is shown that graphene sustains irradiations at high 
fluence and energy without showing significant damage or amorphization. It is significant to note that 
annealing effects are observed at lower fluences whereas defect production at higher fluences is 
observed. Swift heavy ion (SHI) irradiation induced annealing and purification effects in graphene 
films using Raman studies after irradiation with 100 MeV Ag and other ions (fluences from 3×1010 
ions/cm2 to 1×1014 ions/cm2) show that the disorder parameter α, defined by ID/IG ratio, decreases at 
lower fluences but increases at higher fluences beyond 1×1012 ions/cm2. The inelastic thermal spike 
model calculations are used to show that a 2.6 nm radius ion  track  core is formed which is 
surrounded  by  a  halo extending up to 11.6 nm.  The  high transient temperature above melting point 
in  track  core  results in  damage,  whereas  lower temperature in track halo is responsible for 
annealing.  
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Synthesis of nanoscale metal particles in various dielectric matrices using direct ion-implantation as 
well as recoil implantation techniques will be discussed in this talk. Different ions of various energies 
have been used for the synthesis and modifications of embedded metal nanoparticles of Ag, Au and 
Co atoms. Nucleation and growth of these embedded metal particles, due to ion-implantation and 
post-annealing, are elucidated. They play an important role in controlling interesting physical 
properties (optical, vibrational, structural etc.) of these novel materials which are absent in the bulk 
phase of these metals. Ion-beam induced modifications on embedded metal nanoparticles, for 
example, have further led to distributions of very fine metal particles in a silica glass matrix. These 
processes help to understand some exotic optical (like, quantum surface-plasmon resonance) and 
vibrational (for instance, enhanced Raman scattering due to surface-plasmons) phenomena in fine 
metal particles embedded in the glass matrix. Apart from the bottom-up methods, a technique utilizing 
the ion-beam induced sputtering of thin films of noble metals to prepare supported plasmonic 
nanostructures on a silica glass will also be discussed. A few selected experiments to demonstrate the 
scope of this work and highlighting some interesting results pertaining to the research activity will be 
elaborated here in greater details. 
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Multiferroics (MFs) having more than one ferroic order have attracted the attention of material 
scientists owing to the complex origin of multiferroicity, interesting and interrelated physics 
underlying them and their potential applications in non-volatile memory devices, p-n junctions, field 
effect transistors, spin valves etc [1-3]. In order to realize different applications of MFs and to 
understand the different origins of order parameters, it is seen that, spin frustrated rare earth 
manganites (REMnO3) and bismuth ferrite BiFeO3 are the promising candidates. 
In this talk, I will discuss about the results of our recent studies on the modifications in structural, 
microstructural, transport and ferroelectric behaviour of swift heavy ion (SHI) irradiated 
BiFeO3(BFO) films grown on Nb doped SrTiO3(SNTO) substrates and NdMnO3(NMO) films grown 
on (100) single crystalline (LaAlO3)0.3(Sr2AlTaO6)0.7(LSAT) substrates. All the films subjected to 
200MeV Ag+15 irradiation with ion fluence of ~5 x 1010 ions/cm2 – ~5 x 1012 ions/cm2 were studied 
for their structural, transport and polarization properties. The modifications in the transport behaviour 
and ferroelectric polarization of BiFeO3 films have been correlated with the creation of structural 
defects and oxygen vacancies due to irradiation [4]. In NdMnO3/LSAT films, it is observed that, the 
dielectric constant decreases with increase in ion fluence due to the creation of defects which 
obstructs the flow of charge carriers. The dielectric relaxation behaviour of pristine and irradiated 
NMO films have been understood through the Cole-Cole fittings which show the contribution from 
the grain and grain boundaries (GBs) in dielectric behaviour.  
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Nano-pattern synthesis of optical materials using ion beams are under intense investigation in relation 
to application in photonic and optoelectronic devices, because the nanocrystals exhibit 
photoluminescence in visible range at room temperature due to radiative recombination of quantum-
confined excitons. Controlling the beam parameter of energetic ion irradiation is a very efficient 
process for synthesizing of Si-metal nanocomposite systems necessary for enhancement of radiative 
emission of Si based materials. In this work, we carry out 500 keV Xe2+ ion irradiation on a 5 nm Si 
layer and Au/Si layer deposited on thermally grown SiO2, to fluences in the range of 5×1014 - 1×1016 
ions cm-2. A clear PL peak, at 354 nm, appears in the spectra of Au/Si double layered samples after 
ion irradiation to fluence of 2×1015 ions cm-2. Moreover, the PL peak demonstrates a red shift and 
increase in intensity with applied ion fluence. On the other hand, no peak is visible in the spectra of 
samples comprising of only Si layer on SiO2, which clearly shows the role of Au in the observed PL 
emission. We discuss our experimental results in terms of electromagnetic coupling in Au-Si 
nanocomposite fabricated in SiO2 by the irradiation process. This mechanism is further substantiated 
by the results of uv-visible absorption, grazing incident x-ray diffraction, and Raman spectroscopic 
studies carried out on the samples. 
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Hydrogen implantation-induced layer splitting of semiconductors in combination with direct wafer 
bonding cab be utilised to transfer thin films of the semiconductor onto other foreign substrates 
leading to the fabrication of novel engineered substrates such as silicon-on-insulator (SOI). This is 
also called as ion-cut process. One advantage of this method is that the donor semiconductor wafer 
can be reused again for subsequent layer transfer and in this manner multiple slices of thin films from 
one wafer can potentially be transferred onto other substrates. In the case of compound 
semiconductors such as GaAs, InP and GaN, where the wafers are expensive, the ion-cut method be 
utilised to fabricate high structural quality and inexpensive substrates. In this talk, I will briefly 
discuss about the direct wafer bonding process and also about the hydrogen implantation-induced 
layer splitting in semiconductors. I will then discuss about some specific semiconductors such as 
GaAs, InP and GaN where in the recent past a number of investigations have been carried out to 
achieve –on-insulator substrates. The specific problems related to each semiconductor in order to 
obtain successful wafer bonding and layer transfer would also be discussed. Finally, I will present our 
recent results related to wafer bonding and implantation-induced blistering/exfoliation studies in wide 
bandgap semiconductors such as GaN, AlN and GaSb, and also discuss about the challenges faced in 
these semiconductors to obtain –on-insulator substrates.   
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Low energy Ion beams with energetic ions ranging from few KeV to few MeV are being used for 
variety of purposes and have played significant role to   boast Research & Develop in various areas of 
Science & Technology. Accelerators have an important role to play in different fields of science and 
Technology including Material Science. Material modification, synthesis of novel phases and 
inducing specific properties for advanced technological applications using energetic ion beams have 
emerged as one of the focussed area in the field of material research. Understanding and tuning the 
material properties through different kind of modifications at synthesis, processing and post 
processing level have been pursued vigorously. Ion beam-matter interactions are relatively well 
understood phenomena especially in low energy regime (ranging from KeV to several hundred MeV). 
Deposition of ions (called ion implantation), stopping power, energy losses/nm, are heavily 
investigated in past through both experimental and SRIM/TRIM Monte-Carlo simulation experiments. 
In is almost established that traversing ions in material produced different kinds of defects and 
transfer their energy to nuclei, electrons or atoms of the material depending upon the energy of the 
ions. However, there exist immense potential to further researches in understanding mechanisms 
responsible for material modifications through ion beam material interaction. Especially, to access 
and utilize the effect of ion beams in the synergy range where nuclear and electronic energy loss 
mechanisms compete. The energy transfer /nm is sufficient to cover many of the physical processes 
responsible for energy transfer including vibrational, electronic and intra-band transitions, non-
bonded interactions in soft matter and to develop new materials using ion beams and are thus 
important to explore. A low energy ion beam facility based on 3.0 MV Pelletron (9SDH-4, NEC) is 
commissioned in the Department of Pure & Applied Physics, Guru Ghasidas Vishwavidyalaya, 
Bilaspur. It includes high current TORVIS source for proton and He ions as well as SNICS-II for ions 
of heavier elements. Ions having typically 50 kV energy extracted from ion source are injected into 
the accelerator tank where after stripping positively charged ions are accelerated.  Ion beam analysis 
techniques installed include: RBS, PIXE, ERD, NRA and channelling. Similarly, another line for ion 
implantation and irradiation is also ready for experiments. This unique facility has many innovative 
features and scope for performing high end truly interdisciplinary research in areas ranging from 
Nuclear Physics, Materials Science, Nanotechnology, Environment Sciences, Life Sciences, 
Biotechnology, Pharmaceuticals, Radiation biology, etc. 
  The talk covers promising current status of the facility including the details of beams transported and 
the experiments performed using ion implanter and IBA techniques. The usefulness of this Tandem 
Accelerator having high current beams (Typically 100-300 A from the ion source and post 
acceleration currents ~ 50A) shall also be focussed. Applications of PIXE in environment pollution, 
archaeology and agricultural science shall be specifically dealt with. The characterization facilities on 
this centre shall also be briefly presented.  
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Among various metal oxides, TiO2 is the most exploited one towards developing next generation 
resistive switching (RS) memory devices.1 The basic mechanism of which is believed to be governed 
by the migration of oxygen vacancies (OVs) in the oxide matrix. Recently, ion-irradiation technique 
has been used quite extensively as one of the most reliable methods to produce sub-oxide layer2 or 
OV-rich active TiO2 matrix to study the RS characteristics. However, the ion fluence (ions/cm2) 
dependent changes in structural and chemical properties of the matrix are the key to understand the 
underlying phenomenon. In order to do so, here we report structural changes of the RF sputtered 
grown polycrystalline TiO2 layers with increasing fluence up to 5  1016 ions/cm2. The microstructural 
study with the help of transmission electron microscopy suggests the transformation from the 
continuous polycrystalline TiO2 layers to high density nanochannels through evolution of voids in 
amorphous matrix on top of a polycrystalline TiO2 layer at a fluence of 5  1016 ions/cm2. The 
formation of near surface TiOx layer has been manifested by electron-energy loss spectroscopy, in 
consistent with the x-ray photoelectron spectroscopy results. The impact of such oxide nanochannels 
on the RS behavior will be addressed and discussed the underlined mechanism.  
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Nanostructured  magnetic  thin  films  have  gained  significant  relevance  due  to  its  applications  in  
magnetic storage  and  recording  media.  Self-organized  arrays  of  nanoparticles  and  nanowires  
can  be  produced  by depositing metal thin films on nano-rippled substrates [1,2].  The substrate 
topography strongly affects the film growth  giving  rise  to  anisotropic  properties  (optical,  
magnetic,  electronic  transport)  [2,3].    Ion-beam  erosion (IBE) method can provide large area 
patterned substrates with the valuable possibility to widely modify pattern length  scale  by  simply  
acting  on  ion  beam  parameters  (i.e. energy, ions, geometry, etc.)  [4].   
In this work, investigation of the growth mechanism of magnetic thin films of Co and Permalloy thin 
films on nano-rippled Si (100) substrates using in-situ µGI-SAXS measurements have been done.  We 
have performed in-situ real time GISAXS at the P03/MiNaXS beamline [5-6] of PETRA III storage 
ring during the sputter deposition of thin films.  Nanorippled Si substrates prepared by low energy ion 
beam sputtering with average wavelength of 40 nm and depth of 3 nm have been used as a template. 
The thickness of the thin films has been calibrated by ex-situ x-ray reflectivity measurements. In the 
very low thickness regime, the film replicates the morphology, rather an increase in the thickness lead 
to growth of nanowires in an orientation nearly 550 from the surface. It has been found that, growth is 
highly anisotropic along and normal to the ripple wave vectors in both the cases. The annealing 
followed by the deposition generates large range ordered nanowires. Further, magnetic measurements 
have been done using magneto-optical Kerr effect by rotating the sample in azimuthal direction. The 
mechanism of the observed magnetic anisotropy has been explained by correlating with the GISAXS 
results. 
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Nanoscale structures array have advanced use in tailoring the surface properties of solid surfaces, 
however, the co-relation between fractal dimensions and surface wetting properties need attention. 
The surface structural analysis and their role in engineering the wetting properties are studied on the 
rippled surface of Si (100). The ripples were grown using 200 keV Ar+ ion beam irradiation at 
different fluence Values. Height-height correlation function extracted from atomic force microscopic 
(AFM) images demonstrates the increase in roughness exponent with increase in fluence. Power 
spectral density demonstrates that the surface diffusion and sputtering causes surface ripples of 
different order. A co-relation between roughness exponent and fractal dimensions are found with 
static water contact angle. Surface ripple features results in the increase in contact angle values, which 
are associated with fractal dimensions. Further the importance of argon (Ar) incorporation in near 
surface under ion bombardment on ripple and fractal dimensions is also studied using Rutherford 
Backscattering Spectroscopy (RBS). 
  
Keywords: Fractal analysis, roughness exponent, Fractal dimension, atomic force microscopy, 
Rutherford Backscattering Spectroscopy, ripple, autocorrelation function 
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We have recently demonstrated controlled procedures to fabricate silicon nanoparticles, nanowires 
and other nanostructures by employing porous silicon as a seed material. The size, shape and 
consequently, the optical properties of these materials can be tuned by precisely controlling the 
synthesis, pre-synthesis and post-synthesis treatments of the seed material. Pre-synthesis treatment 
includes the controlled introduction of defects in silicon prior to anodization by ion implantation. 
Post-synthesis treatments include ultra-fast laser ablation, ultra-sonication and thermal annealing of 
porous silicon at various conditions. It is shown that these procedures can be employed to fabricate 
various types of optical quality silicon nanoparticles and nanostructures without using any metal 
catalysts. 
Porous Si based distributed Bragg reflectors (DBRs) have been fabricated by anodic etching of 
gamma/swift heavy ion (SHI) irradiated silicon. It is shown that the central wavelength of reflection 
can be altered by controlling the pre-anodization conditions. The observed changes are attributed to 
the density of defects generated by gamma/ion irradition in Si. Quantum dots will be introduced into 
cavity layer for generating narrower optical emission by employing ion-beam techniques. Elastic 
Recoil Detection Analysis (ERDA) has been performed to elucidate the physical mechanisms that are 
governing the optical properties of these materials. SHI induced desorption of   hydrogen from porous 
silicon has also been studied as a function of dose using on-line ERDA measurements. Finally, the 
effects of SHI irradiation on the structural and optical properties of the isolated silicon nanoparticles 
as well as the silicon nanoparticles that are embedded in dielectric matrices will be discussed in detail.  
Further, a brief discussion on our other ongoing research programs will be presented.  
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 Ion beams have been of increasing focus in fundamental and applied research in materials science. 
Swift heavy ion (SHI) beam along with sophisticated devices for the characterization and analysis on 
nano scale has given a new direction in nanotechnology and towards tailoring desired properties in 
materials for their applications in various fields. When swift heavy ion interacts with material, it 
deposits an enormous amount of energy in the material in a very short period of time along its track 
which in turn modifies the lattice structure and consequently different properties of materials are 
modified. In this presentation, I shall give a brief review of our results on SHI irradiation induced 
modifications of different physical properties viz. optical, structural, surface morphological and 
electrical of metal oxides thin films (ZnO, NiO and SnO2). The films have been deposited using 
different deposition techniques and irradiated by different energetic ions. It is found that ZnO thin 
films are radiation hard and thus best suited for radiation prone areas. NiO thin film show very 
interesting self-organized periodic lamella structures on surface after the ion beam irradiation. It is 
observed that the periodicity and width of lamella depends on nature of substrates. In case of tin oxide 
thin films, amorphous to nanocrystalline phase transformation has been observed. The surface 
morphology exhibit dramatic change under the ion bombardment at different irradiation fluencies and 
the shape and size of surface nanostructures of both ZnO and SnO2 thin films can be tuned by 
controlling the irradiation parameters. It is also inferred that the optical band gap and electrical 
conductivity can be tailored by the ion beam irradiation. The observed modifications in different 
materials by ion beam irradiation are explained by considering thermal spike model.    
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Radiation-defect induced photoluminescence in monocrystalline silicon 

Platon Karaseov, Andrei Titov 
St. Petersburg Polytechnic University Scientists and technologists pay close attention to ion-beam-radiation induced processes in silicon 
more than 60 years. Despite the mature age of this science, it still gives us new amazing discoveries. 
One of the latest was ability of keV-ion-irradiated and annealed Si monocrystals to operate as light 
emitters. This fact raised interest to dislocation related PL studies in Si due to of it potentially permits 
to overcome extremely low emission efficiencies caused by the indirect bandgap of silicon. The 
development of the concept of defect engineering in the technology of silicon devices makes it 
possible to determine the fundamental aspects of the processes of defect formation and 
transformation. First of all, basic studies of radiation-induced defect creation processes were 
investigated. Nonlinearities of this process, which can play crucial role in further transformation of 
damage created during thermal annealing, were studied. Second important stage to improve 
luminescence efficiency is annealing. Changing parameters, like ambient, temperature and time, one 
can strongly affect the result. The technology protocol to create only one type of extended structure 
defects (Frank loops, perfect prismatic loops, or pure edge dislocations) in the light-emitting layer was 
determined. Based on the samples prepared with it, analysis of the correlation between the 
concentration of extended defects of a certain type and the intensity of the dislocation-related 
luminescence lines was performed. Specific features of the emission spectra related to changes in the 
implantation conditions of several monatomic ions and the subsequent annealing were studied. The 
key role of intrinsic point defects in the origination and transformation of extended defects of crystal 
lattice structure and corresponding centers responsible for the dislocation-related luminescence is 
revealed. It is found that the efficiency of luminescence excitation from the so-called D1 centers (1.55 
um), which are of particular interest for practical applications, varies by more than two orders of 
magnitude between structures fabricated using different technological procedures. This gave a 
possibility to design light-emitting structures with a desirable spectrum of luminescent centers and 
extended structural defects. High-efficiency silicon light-emitting diodes with room-temperature 
dislocation-related luminescence have been fabricated. 
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Nanostructured systems exhibit a variety of interesting phenomena like GMR, TMR, exchange bias 
etc. which have found extensive applications in spintronic devices. Irradiation with energetic ions is 
known to induce the formation of latent tracks in a wide range of materials, as the result of the huge 
energy density deposited locally along the ion path by electronic excitations. The study of the effects 
of swift ion irradiation on nanostructured systems is of growing interest from both fundamental and 
practical points of views. The impingement of ions with different fluence on the films produces 
various effects such as systematic microstructural changes, stress relaxation, morphological changes 
and interface modifications. This could effectively be used for tailoring magnetic parameters namely 
coercivity, saturation magnetization, magnetic permeability and remanence of these materials [1-2]. 
Present work reports development of a facility for in-situ magneto-optic Kerr effect (MOKE) 
measurement during swift heavy ion irradiation of thin films in the material science chamber of “15 
UD Pelletron” of IUAC (New Delhi). MOKE, being a non-destructive technique, can monitor 
evolution of magnetic properties of nanostructures online during irradiation of the sample.  In the 
present work, in-situ MOKE measurements were performed on Fe0.11Au0.89 alloy thin film during 100 
MeV energy Au+7 ions. During irradiation beam was scanned in the area of 1 cm2. The ion fluences 
were varied from 3 x1010 ions/cm2  to 1x1014 ions/cm2.  
 
 
 
 
 
 
 
 
Figure1. Representative MOKE hysteresis loops of Fe0.11Au0.89  alloy thin film during  irradiation fluences. Figure 2. Variation in the Mr/Ms  ratio in Fe0.11Au0.89 alloy thin film during  ion irradiation    
Figure 1 shows the MOKE hysteresis loops of Fe0.11Au0.89 alloy thin film with increasing ion 
fluences. As-prepared film exhibits a sheared hysteresis loop suggesting a uniaxial magnetic 
anisotropy possibly due to long range stresses. The variation in the Mr/Ms ratio is shown in 
the figure 2. One can see that with increasing irradiation fluences Mr/Ms ratio increases i.e. 
the sheerness of the film reduces indicating relaxation of internal stresses. At the fluences of 
3x1013 ions/cm2 the hysteresis loop takes a rectangular shape as a result of complete 
relaxation of stresses in the film.    
References: 1. R. Gupta, A. Gupta, R. Bhatt, R. Rüffer and D K Avasthi J. Phys.: Condens. Matter 22 (2010) 
226001.      2. Marcel Miglierini, and Mariusz Hasiak, J. Nanomater. 2015 (2015) 175407 
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Synthesis of nanocomposite diamond/amorphous carbon films using Bias 

enhanced ECR CVD 
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An electron cyclotron resonance chemical vapour deposition system (ECR-CVD) based on 2.45 GHz 
microwaves, has been developed at Inter-University Accelerator Centre and used to study the growth 
of nanostructured carbon films. The magnetic field (875 gauss) for ECR plasma was produced using a 
permanent NdFeB ring magnet. Thin films were grown using 200 watts microwave power with an 
argon-methane plasma, at 150 – 200 oC substrate temperature and with -400 V substrate bias. Prior to 
thin film deposition, the Si substrates were etched using ECR argon plasma and -500 V substrate bias 
to remove the oxide layer on it. The deposition rate of the films was found to decrease with increase 
in total pressure during deposition. It was 5 nm/min and 8 nm/min for total pressures of 320 and 200 
mtorr, respectively. The Bias-enhanced ECR CVD of carbon films showed formation of nano-
diamond in an amorphous carbon matrix. The presence of nanodiamond and amorphous carbon in the 
films was identified using HRTEM, SAED and Raman spectroscopy measurements. I-V 
measurements show that the DUV illuminated photocurrent was three orders of magnitude higher than 
Dark current. The formation of sp3 bonded nano-diamond is attributed to subsurface deposition and 
densification of Carbon in the sub-surface regions due to bombardment of the growing film by C+ and 
CHx+ ions under the influence of the applied bias.  
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Synthesis of coupled plasmonic nanostructures and its surface enhanced 

Raman scattering effect 
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 Plasmonics is now a flourishing field of research, as many exciting, unconventional 
plasmonic effects with a huge potential for applications still remain unexplored and unexploited. 
Simply, uncoupled nanostructures cannot usually attain properties of extreme field enhancements and 
broadly tunable resonance; however when plasmonic structures are coupled with thin films or 
nanostructures (NSs) containing nano-sized gap between them then these unachievable qualities 
become possible [1]. The tuning and controlling the plasmonic properties of these types of NSs 
depend deeply on the capacity to precisely control the gap between the coupled plasmonics NSs, 
efficiently determining how powerfully they couple [2,3]. Among the different used synthesis 
techniques, ion irradiation is a well established tool for synthesis of nanostructures on the surface or 
partially embedded nanoparticles (NPs) [4,5]. The ZnO is used as gap material because ion irradiation 
of ZnO has proven a potential role in materials due to formation of defects which is very useful for 
optoelectronic applications [6-8]. Development of coupled plasmonic nanostructures with thin film of 
ZnO as gap layer viz. Au/ZnO/Pt has been investigated with ion irradiation using 1200 keV Xe ions at 
an angle of 70° from surface normal. Rutherford backscattering spectrometry (RBS) measurement 
reveals that ion irradiation leads to decrease in contents of Au due to sputtering under the influence of 
energy deposited by energetic ions and some also get buried into ZnO layer. The surface morphology 
of the pristine and irradiated samples captured using field emission scanning electron Microscopy 
(SEM) shows compact distribution of grains in pristine and formation of nanostructures due to ion-
induced dewetting in irradiated films. The micro-Raman spectra of pristine and irradiated films show 
irradiation induced phonon modes ~ 576 cm-1 & 276 cm-1 and it can be attributed to the effect of 
disorder and lattice defects induced by ion irradiation. However, the evolved modes get pronounced 
due to the surface enhanced Raman scattering under the effect of coupled plasmonic interactions by 
the presence of gold nanostructures and Pt thin films with ZnO as gap layer.  
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The evolution of microstructure, surface morphology and optical band gap of NiO films of different 
thicknesses (75, 150 and 300 nm), grown on Si(100) substrates, under the impact of 200 MeV Ag ions 
is reported.  In contrast to the generally perceived role of energetic ions creating defects and disorder 
in a crystal, we observed increase of crystallites size for the thinnest film (75 nm thick) on irradiation 
with 200 MeV Ag ions. The thicker (150 and 300 nm thick) films did not show any change of their 
crystallite size on irradiation by the same ion.  The evolution of the surface of the films with 
irradiation also showed thickness dependent. Irradiation smoothened the surface of the thinnest film, 
but did not much affect the surface of thicker films. A detailed power spectral density analysis of the 
surface features indicated that the surface morphology of the pristine NiO films of all thicknesses is 
governed by the combined effect of volume diffusion and surface diffusion processes. Irradiation by 
200 MeV Ag ions did not affect the surface evolution processes for thicker films, whereas the 
evolution of the surface morphology of the thinnest film under ion irradiation is found to be governed 
mainly by the surface diffusion processes. The optical band gap also showed similar thickness 
dependent as the crystallite size and the surface features. Band gap narrowed on irradiation of the 
thinnest film while did not change for the thicker ones.  
Keywords: Ion Irradiation; nanoparticles; electronic excitation; NiO 
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TiO2, has been one of the most promising material for photo electrochemical water splitting 
applications for hydrogen production. It has many desirable characteristics such as stability in 
aqueous system, non corrosive, environmental friendly, abundant and cost effective, however its high 
band gap (3.1eV) allow it to absorb mostly in the UV region of the spectrum. In present study effort 
has been made to study the effect of ion beam irradiation in terms of photo electrochemical response 
on plasmonic Au nanoparticles which are present as under layer with TiO2. Au nanoparticles were 
deposited by sputtering on ITO substrate, which were annealed at 600oC for 1 hour to get surface 
plasmon resonance (SPR). And sol-gel method was used to deposit TiO2 on 5nm thick Au layer. The 
synthesized films were then irradiated by 500KeV Ar ions. The pristine and irradiated films were 
characterized by XRD, SEM and UV-Visible spectroscopy. The results of photo splitting of water will 
be discussed. 
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Nanocrystalline tin oxide thin films were prepared using RF sputtering technique on quartz and 
silicon substrates. These films were annealed in air at three different temperatures viz 500, 700 and 
1000 ºC. Pristine and annealed films were irradiated by 100 MeV Ag ions at different fluences. These 
films were characterized using XRD, UV-Vis , AFM  and I-V techniques for structural, optical, 
surface morphological and electrical properties. XRD study reveals that pristine film is polycrystalline 
and thermal annealing improves the crystallinity. Irradiation at lower fluences also improves the 
crystallinity but higher fluence irradiation decreases it. Band gap increases with increasing the thermal 
temperature and at lower fluences irradiation. Higher fluences makes the band gap lowered. AFM 
micrographs show that pristine film has randomly distributed nanostructures. Thermal annealing 
increases the dimensions of these nanostructures. Irradiation at lower fluences has almost no effect on 
these nanostructures but higher fluence irradiation breaks these structures. These observed results are 
explained in the framework of thermal spike model. 
. 
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Nanocomposite thin films of Au-SnO2 were prepared by thermal evaporation of SnO2 combined with 
sputtering of Au. The nanocomposite thin films were irradiated with 8 MeV Si3+ ions at room 
temperature to fluences varying from 5x1013 to 1x1015 ions/cm2. Effects of MeV ion irradiation on the 
structural and optical properties of Au-SnO2 nanocomposites were studied using X-ray diffraction 
(XRD), field emission scanning electron microscopy (FESEM), Raman spectroscopy, UV-visible 
absorption spectroscopy, Raman and Photoluminescence spectroscopy. XRD studies revealed the 
presence of nanostructures of Au, SnO2, Sn and Au-Sn alloy in the as-prepared thin films. Optical 
absorption studies didn’t reveal surface plasmon resonance (SPR) absorption peak characteristic of 
Au nanoparticles. Photoluminescence studies showed that MeV ion irradiation of nanocomposites 
leads to quenching of UV and visible emissions from SnO2 nanostructures. Results of X-ray 
photoelectron spectroscopy studies will also be presented and the interfacial electron transfers leading 
to the observed unusual optical absorption and luminescence from the nanocomposites will be 
discussed. 
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Though the irradiation induced damage is common, it has been demonstrated that SHI can also be 
used for annealing of defects [1-2] with carefully selected ranges of fluence. Defects were annealed 
out within the materials and material gets purified, when irradiated with energetic ions. Earlier we 
demonstrated the SHI induced annealing effect in CVD graphene [3]. In present work, we study the 
charge state dependent SHI induced annealing of defects in CVD graphene. We chose 100 MeV Ag 
beam with charge state of 7+ and 25+ for irradiation of CVD graphene which results in different Se as 
mentioned in figure. It is observed that annealing effect is upto fluence 9.8×1011 ions/cm2 in case 7+ 
charge state beam while it is upto 8.8×1011 ions/cm2 in case of 25+ charge state. So annealing is more 
in case of lower charge state beam (lower Se value) which is well supported by thermal spike 
simulations. So, based on these results, we predicted that 100 MeV Ag ion with charge state of 7+ is 
more suitable for annealing of defects in graphene.  

 
Figure 1: The plot of disorder parameter α (ID/IG) with fluence. The values of α are normalized to the value of α 
for the unirradiated sample. The value of α decrease at lower fluence in both cases showing annealing while it 
increases at higher fluence which shows damage respectively.  
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Ion irradiation is used as a unique tool for the material modification depending upon the projectile ion, 
energy and the nature of the target. Ion irradiation can amorphize, recrystallize and induce crystalline 
to crystalline phase transition or defects in material. TiO2 crystallizes in three different crystal 
structures such as anatase, brookite and rutile. While anatase to rutile phase transformation is 
commonly observed by either increasing the size or sintering temperature, brookite to anatase/rutile 
transformation is scarcely reported in literature [1]. Even brookite phase is quite rarely observed in 
TiO2 [2]. Under swift heavy ion irradiation on undoped and Co doped TiO2 thin films grown on Si 
substrate by pulsed laser deposition (PLD) technique, we have shown successive amorphization of the 
films with increasing ion fluence [3].  
In the present study we have irradiated TiO2 thin films deposited on Si substrate using e-beam 
evaporation technique with 500 keV Ar2+ ion. As deposited films annealed under O2 flow at 500 oC 
show anatase phase before irradiation. Irradiating with fluence 1x 1014 ions.cm-2, films become 
amorphous and further increasing the fluence to 5 x 1016 ions.cm-2, films recrystallize into brookite 
phase [4]. Raman spectroscopic studies also support the change in phase. Detail structural and 
microstructural changes are discussed.   
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Structural phase transition and photoluminescence properties of undoped and Sm3+ doped ZrO2 under 
120 MeV swift Ag9+ ion irradiation are investigated. Samples are prepared by combustion technique. 
XRD result of undoped ZrO2 and ZrO2:Sm3+ (1 mol%) reveals monoclinic phase. Ag9+ ion induced the 
phase transition from monoclinic to tetragonal phase at 31012 ions cm2.  In the present experiment, 
the maximum tetragonal phase weight% is 67 % for Ag9+ ions at 11013 ions cm2.  
Photoluminescence (PL) emission (ex=297 nm) of undoped ZrO2 exhibits a broad peak at 466 nm 
and it is attributed to oxygen vacancies. PL emission intensity increases with ion fluence up to 11011 
ions cm2 and then it decreases. The pellets of ZrO2:Sm3+ were irradiated with 120 MeV Ag9+ ion for 
various fluence. PL excitation spectrum (em=614 nm) of ZrO2:Sm3+ shows a high intense peak at 407 
nm and same wavelength used for record the emission spectra. PL emission spectra exhibits peaks at 
569, 580, 600, 607, 614 and 618 nm corresponding to the 4G5/26H5/2, 4G5/26H7/2 transitions. The 
highest PL emission intensity is observed at 31010 ions cm2. Further, the ion fluence PL intensity 
decreases due to nonradiative recombination center. 



27  

O-11 
Modification of Exchange Bias in FeNiMoB-Zinc Ferrite bilayer films by 

Swift Heavy Ion irradiation 
Lisha Raghavan1,*and M R Ananatharaman1,* 

1Department of Physics, Cochin University of Science and Technology, Cochin-22, Kerala 
*Email: lisharghvn@gmail.com, mraiyer@gmail.com      
The phenomenon of exchange bias, usually observed at ferromagnet (FM) - antiferromagnet (AFM) 
interfaces, encompasses the pinning of the FM spins on field cooling below the Neel temperature of 
the AFM [1]. These exchange biased systems are increasingly sought after because of their 
application potential in spin valves and tunnel junctions. Apart from FM-AFM interfaces, exchange 
bias is also observed on FM-spin glasses and ferrimagnet-AFM interfaces. Exchange bias is an 
interface effect and therefore modification of interface can change the exchange bias. Ion irradiation 
offers unique possibilities to modify the interface in a controlled and precise manner. Ion irradiation 
induced modifications of exchange bias using low energetic ions (KeV) have been observed earlier 
[2]. In the present study, we intend to modify the exchange bias by Swift Heavy Ions. The bilayer 
chosen for exchange bias study is FeNiMoB-Zinc ferrite. FeNiMoB belongs to the metallic glass 
family and is a good soft magnetic material, while zinc ferrite is an antiferromagnet with a Neel 
temperature of 10K. In the nano regime, zinc ferrite is reported to exhibit ferrimagnetic, spin glass or 
super paramagnetic behavior [3].  The bilayer films of FeNiMoB-zinc ferrite was prepared by RF 
sputtering method. The films were subjected to irradiation by 100 MeV Ag ions at fluences of 1×1011, 
1×1012, 1×1013 and 3×1013 ions /cm2. The experiment was carried out using 15 UD Pelletron 
accelerator facility at the Inter University Accelerator Centre (IUAC), New Delhi, India. The 
magnetic studies indicated exchange bias in the unirradiated film. Upon ion irradiation at lower 
fluences, the exchange bias enhanced and at higher fluences the exchange bias was found to degrade. 
The enhancement in bias field is attributed to defects created in the antiferromagnet as a result of ion 
irradiation. The observed variation of exchange bias with ion fluence is modeled based on the 
competition between defect creation in AFM layer and interfacial mixing. 
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We report on analysis of ion-beam patterned surface morphology in terms of regularity of pattern 
shape and orientation, homogeneity over irradiated surface, and the effective increment in its surface 
area, which are critical in deciding the applications for the corresponding surface. As a case study, we 
have chosen Si surface, which is exposed to 60 keV Ar+-ions at different angles of incidence and ion 
fluence and have performed detail statistical analysis of topographic images of the patterned surfaces. 
By using the SPIP software, morphological parameters, viz. surface area ratio, texture direction index, 
texture aspect ratio, ratio of system correlation length to ripple wavelength, directional roughness 
exponents, and anisotropy ratio are calculated as functions of ion incidence angle and fluence. From 
angle-dependent studies, we observe that ripple patterns become more regular with increasing angle 
of incidence. On the other hand, fluence-dependent study of these parameters shows that ripple shapes 
are most regular for the fluence of 3×1018 ions cm-2, while ripples are most unidirectional for the 
fluence of 2×1018 ions cm-2. Our analysis method shows a route towards optimization of ion-patterned 
surfaces in terms of nanostructure quality or effective surface area, which is vital for applications. 
Further, using scaling analysis, we associate Si surfaces generated within particular angular or fluence 
range to different universality classes, which can help towards understanding of their formation 
mechanism.  
Keywords: Ion irradiation, ripple pattern, scaling analysis 
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The effect of 200 MeV Ag+17 and 100 MeV O+7 ions irradiation on structural, surface morphology and 
magnetic properties of rf sputtered CoFe2O4 (CFO) thin films grown on SiO2/Si (100) substrate is 
studied. X-ray diffraction (XRD) and Raman spectroscopy showed the amorphization of the CFO thin 
films when irradiated with 200 MeV Ag+17 ions whereas films irradiated with 100 MeV O+7 ions 
induced no amorphization. With 200 MeV Ag+17 ions irradiation the surface morphology varied 
slightly; however, a dramatic change was achieved when irradiated with 100 MeV O+7 ions. This is 
due to the difference in the electronic energy loss, Se of the two ion beams. Magnetization study 
illustrate anisotropic to isotropic transition after the 200 MeV Ag+17 ions irradiation at fluence 5×1012 
ions/cm2  and reorientation of anisotropy from perpendicular magnetic anisotropy to in-plane 
anisotropy in 100 MeV O+7 ions irradiated at a fluence 5×1011 ions/cm2. These results are understood 
based on modifications induced by electronic excitations in their structure and surface morphology. 
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Photoelectrochemical (PEC) water splitting draws its inspiration from the natural phenomenon of 
Photosynthesis and hence also termed as “Artificial Photosynthesis” where analogously during the 
process, oxygen and hydrogen are evolved by the absorption of photons. Hydrogen evolution is the 
attractive feature associated with PEC cells as Hydrogen has been found to be an efficient green fuel 
and can successfully combat our dependency on fossil fuels and hence can lay a foundation of 
sustainable, carbon free future [1] .  
Semiconductors are known to be heart of PEC cells and α-Fe2O3 is among the most promising 
candidates for photoanode material in terms of cost effectiveness, stability, abundance and non 
toxicity. It absorbs photons in visible region because of its low band gap of 2.1eV. Despite of all 
favorable characters, it lacks its efficiency as productive photoanode due to consumption of holes in 
bulk recombination caused due to short diffusion length of photogenerated holes which is about 2-4 
nm. However, this deficiency associated with Fe2O3 has been found to be successfully overcome by 
the use of bioinspired CoAc catalyst which functionally mimics oxygen evolving complex (OEC) of 
photosystem system II (P.S-II),  [2,3]  
Our current work shows the preparation, characterization and application of α-Fe2O3  thin films 
fabricated with amorphous CoAc catalyst on FTO substrate via photo-assisted electrodeposition 
technique. Crystallinity of the films were characterized by X-ray Diffractometer (XRD), where as 
morphology was analyzed by scanning electron microscope (SEM), and UV-Vis spectroscopy was 
used for band gap studies. Current-voltage (I-V) relationship was drawn using three electrode setup, 
viz, metal oxide, Pt and calomel electrode were used as working, counter and reference electrode 
respectively. Detailed results would be discussed. 
Keywords: Photoelectrochemical, Bioinspired, Artificial Photosynthesis, CoAc catalyst, α-Fe2O3  
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Titanium dioxide (TiO2) is very attractive material due to its outstanding physical and chemical 
characteristics. Much emphasis has been laid on preparation and modification  of  nano TiO2 for 
optimizing their performance and versatile range of applications as photo-catalysis, dye sensitize solar 
cell, gas sensors and many more. We have deposited nanocrystalline TiO2 thin films on quartz and 
silicon substrates using PLD technique. Pristine films were irradiated using 120 MeV Au ions at 
different fluences ranging from 1×1011 to 1×1013 ions/cm2. These films were analyzed using XRD, 
UV-Vis and AFM techniques for studying the modifications in structural, optical and surface 
morphological properties respectively. XRD spectra show that the pristine film is nanocrystalline in 
nature. Irradiation at the lowest fluence (1×1011) increases the crystillinity and further irradiations at 
higher flunces lead to amorphization. Absorption spectra reveal that the bandgap of the pristine film is 
3.50 eV. Irradiation upto 1×1012 ions/cm2 decrease bandgap upto 3.35 eV and at the highest fluence it 
increases to 3.56 eV. The AFM micrograph of the pristine film shows that surface has randomlly 
distributed nanostructures of sizes from 80 to 120 nm with surface roughness 3.36 nm. Lowest fluence 
irradiation increases the grain size and roughness from 100 to 150 nm and 3.36 nm respectively. 
Agglomeration of nanostructures is observed at the middle fluence (1×1012 ions/cm2) irradiation. 
Application of the highest fluence (1×1013 ions/cm2) irradiation make the nanostructures disappeared. 
The modifications in the structural, optical and surface morphological properties with irradiation can 
be attributed to dense energy deposition by electronic energy loss. 
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This work reports on field emission from 500 eV Ar-ion beam fabricated silicon nanofacets where 
local scanning probe microscopic techniques identify the regions responsible for electron emission 
from the facets. Ensembles  of self-organized nanofacets, prepared at various Ar-ion fluences, yield 
tunable field emission with Fowler-Nordheim tunneling field in the range of 0.67 – 4.75 V μm-1. 
Local probe atomic force microscopy-based dual pass tunneling current microscopy and Kelvin probe 
force microscopy measurements provide direct evidences which reveal that sidewalls and valleys of 
nanofacets contribute more to the field emission process rather than the apexes. 
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Swift heavy ion induced material modification has been used widely in materials ranging from 
insulators to superconductors. The focus of all studies has been to modify surface or near surface 
properties. However, in polar materials having long range dipolar ordering, this near surface 
modification mainly due to electronic energy transfer to lattice via excited electrons may alter the bulk 
properties. Earlier, we have shown that 100 Mev O8+ ion beam could annihilate oxygen vacancies 
without changing the crystalline structure. However, the role of ion beam irradiation in charge 
transport and dielectric relaxation was not probed. In this paper, we present the effect of SHI 
irradiation (100 MeV O8+) ion beams on the relaxation processes in Ba0.90Sr0.10TiO3 ceramic 
compositions using impedance and electric modulus approach. Simultaneous analysis of impedance 
and electric modulus provides a way to analyze and separate out the contributions of thegrains and 
grains boundaries towards impedance.  Irradiation with swift heavy ion beams does not change the 
crystal structure; however, the grain boundaries become significantly resistive after irradiation. The 
results are analyzed in terms of oxygen vacancies annihilation due to ion beam irradiation. It 
demonstrates that the surface or near surface modifications of defects due to ion beam irradiation may 
tune the bulk properties in polar dielectrics. 
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Titanium dioxide (TiO2) exhibits three major crystalline structures in bulk form; two 
tetragonal phases, rutile and anatase, and a third orthorhombic phase, brookite with decreasing order 
of stability1. TiO2 in anatase form is best suited for photo-catalytic applications, can be used in 
fabrication of self-cleaning or antibacterial surfaces and also in the form of nanofilters. Effect of 120 
MeV Au irradiation on surface modification of anatase TiO2 thin film is presented in this work.  
TiO2 thin films on Si (100) substrate were prepared by reactive DC magnetron sputtering. Film 
composition and thickness were obtained by Rutherford Backscattering Spectroscopy (RBS). The as 
deposited films showed the transformation of the initial amorphous to the anatase phase of TiO2 on 
annealing at 500C for 1h. Interestingly, the metastable anatase structure is retained on annealing even 
up to 1000C, without the conventionally observed anatase to rutile transformation in a temperature 
interval of 700 C to 800 C2. The high stability of anatase phase (even at 1000C heating) thus obtained 
in films prepared by sputtering techniques in the presence of only oxygen gas can have many 
important practical applications in hostile environments, where anatase is important.  
The films annealed at 1000 C were irradiated by 120 MeV Au ions. Both GIXRD and Raman 
spectroscopic studies indicated significant damage of the anatase structure under irradiation. Fitting of 
the fluence dependence of XRD peak area to Poisson’s equation revealed the radius of the columnar 
tracks of the damaged region as ~ 5nm. This value matches with the track diameter obtained from the 
simulation of electronic and lattice temperatures using thermal spike model of ion matter interaction. 
The surface evolution of anatase TiO2 thin films with120 MeV Au ion fluence. The grains are of 
irregular shape in the pristine sample.  Irradiation led to fragmentation of grains. Consequently rms 
roughness decreased with increasing ion fluence. The two dimensional power spectral density (PSD) 
obtained from the AFM images are shown in Fig 4. The values of Fourier index (δ) thus obtained by 
fitting the experimental data is found to decrease from 4 to 3 with increasing ion fluence. This 
indicates that the dominant process of surface modification by 120 MeV Au irradiation in the high 
fluence regime is the volume diffusion process.   
References: 

1. J. Moellmann, S. Ehrlich, R. Tonner and S. Grimme, J. Phys. Cond. Matt., 24, 424206 (2012). 
2. H.Rath, P.Dash,  T.Som, P.V. Satyam, U.P.Singh, P.K.Kulriya, D. Kanjilal, D.K.Avasthi, N.C. Mishra, 

J. Appl. Phys. 105, 074311 (2009) 



35  

P-06 
Ionoluminescence studies of Mn2+/Eu3+co-activated BaMgAl10O17 nanostructures 

Manvendra Kumar1,*, Prashant K. Singh1, Avinash C Yadav1, S L Pradhan1, 
Ratnesh K. Pandey1, Subodh K. Gautam2,Raghavendra S Yadav3, Vikas 

Baranwal1, Parasmani Rajput4, Fouran Singh2, Avinash C Pandey1 
1Nanotechnology Application Centre, University of Allahabad 211002 India. 
2Inter University Accelerator Centre, ArunaAsaf Ali Road, PB1065, New Delhi 110067 India. 
3Materials Research Centre, Brno University of Technology, Czech Republic. 
4Atomic & Molecular Physics Division, Bhabha Atomic Research Center, Trombay, Mumbai-400085, India  
*Email:kmanav@gmail.com  
BaMgAl10O17:Eu (BAM) is widely used in plasma display panels (PDPs) and lamps, due to its high 
luminescence efficiency and good chromaticity. They are also used in other displays and lighting 
devices, for example, white light-emitting diodes (WLED). In the present work, we have investigated 
ionoluminescence (IL) properties of Mn2+/Eu3+co-activated BaMgAl10O17 nanostructures studies using 
120 MeV Ag9+. Co-doped BaMgAl10O17:Mn2+/Eu3+materials were synthesized by solution combustion 
approach.  20% weight percentage of the Mn ion in the host matrix have selected based on the results 
of previous IL experiments in which we have observed initial increase in the IL intensity with 
maximum IL for 20% Mn doping followed by a decrease for further doping. Further, we incorporated 
the Eu ion with respect to Mnwith Eu:Mn (0:20, 5:15, 10:10, 15:5 and 20:0) concentrationratio. The 
structure of the prepared particles were investigated by X-ray diffraction and scanning electron 
microscopy. For the ionoluminescence study, pellets of the prepared materials were used. The IL 
spectra of Mn doped nanomaterials show a broad band centered 522 nm corresponding to 4T1g(4G) 
6A1g(6S) transitionsofMn2+. In case of Eu doping, the prominent IL observed emission peaks are 
centered at 612 and 700 nm and are attributed to the luminescence centers activated by Eu3+ ions 
corresponding to 5D0 → 7Fj (j= 2 and 4, respectively) transitions. Appearance of the shoulders at 619 
and 696 nm indicates the splitting of these transitions. While the co-doped BAM show two 
broadbandcenteredat520 and 617 nm due to Mn2+ andEu3+, respectively. As the concentration of Eu 
increase the intensity of Mn band decreases and those of Eu increases. The oxidation states of Eu and 
Mn was confirmed by X-ray absorption near edge structure (XANES) measurement. 
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Nanocrystalline thin films of zinc oxide (ZnO) were fabricated on Si and quartz substrates by RF 
magnetron sputtering technique at room temperature. The as deposited films were annealed in air at 
different temperatures ranging from 300 to 700 0C. Structural and optical properties of these films 
were studied as a function of annealing temperature using XRD and UV-VIS technique. Electrical 
properties were also analyzed using I-V characteristics. XRD patterns show that the pristine film is 
polycrystalline. Annealing has improved the crystalline quality of the films. Optical measurements 
show a decrease in band gap from 3.17 to 2.85 eV with increase in temperature. The transmittance 
improves from 85 to 92% on increasing the annealing temperature. Variation in electrical resistivity 
was also seen with temperature as studied by I-V characteristics which have been explained on the 
basis of concentration of oxygen vacancies.  
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The interest in modifications of materials has increased with irradiation of heavy ions of higher 
energy. The effect of energetic ion beam on the material depends on the ion energy, fluence and ion 
species.  The irradiation can cause the defects, modification in structural properties and also the 
magnetic properties in ferrites.  
Objective of present investigation is to study the effect of Ag9+ SHI irradiation on synthesized 
composite ferrite containing Spinel and Hexaferrite. The composites of CoFe2O4-SrFe12O19 ferrite 
nanoparticles prepared by Self propagating High temperature Synthesis (SHS) route. The composition 
of Soft ferrite, CoFe2O4 and Hard ferrite, SrFe12O19 is made in weight ratio as 1:1. These 
nanocrystalline composite ferrites are irradiated with 120 MeV Ag9+ ions with fluences, 1 x 1012, 3 x 
1012 and 2 x 1013 ions/cm2. To study the SHI induced modification of structural properties, the 
samples before and after irradiation are characterized by using Fourier Transform Infrared (FTIR) 
spectroscopy and X-Ray Diffractorgrams (XRD). To study the effect in magnetic properties, samples 
are characterized by Vibrating Sample Magnetometry (VSM). It is observed that the irradiation 
changes the phase of material from mixed spinel-M type phase to a W-type hexaferrite.  
 
Key words:  Phase modification, composite ferrites, irradiation, XRD, VSM 
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FluorescentNanodiamonds (FNDs)incorporated with nitrogen vacancy (NV) centers can be created by 
ion irradiationon synthetic type Ib nanodiamonds (having nitrogen diffused concentration upto 
500ppm).NV defects centers in nanodiamonds (NDs)behaves like single atomsdue to high band gap 
(5.5eV)and highDebye temperature (1850 K). In this work,HPHT growndiamond (ND-0) was milled 
for 35 hours and purifiedto remove metallic and non-diamond carbon impurities, referred as sample 
ND-35-R8HCl (AFM image shown in Fig. 1(a)).ND-35-R8HClafter irradiation with 35 KeV He+ion-
beam was annealed to form NV centers [1].Irradiated sample shows strong visible luminescence in 
addition to NVo and NV- sharp zero phonon lines. Interaction of phonon with defects results into 
broadened emission side bands. Further, second order photon auto-correlation function (g2()) 
measurement was performed on number of different individual luminescentdiamond particlesusing 
Hanbury Brown Twiss interferometry by spatially masking emission from other surrounding particles 
to identify their suitability as single photon source.  

 
Fig.1(a) AFM image of purified Nano-diamond particles. (b)PL spectra of initial sample ND-0, purified sample 
ND-35R8HCl and ion-irradiated sample ND35R8HCL-IRR upon excitation with 514 nm. (c)Photon auto 
correlation function(g2())measured from single diamond particle showing antibunching behavior of emitted 
photons. 
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Organic Solar cells are attracting much attention due to their interesting features such as environment 
friendly, low cost, mechanically flexible, easy fabrication etc. These organic based solar cells can be 
prepared by the two main production technique either wet processing or thermal evaporation. Organic 
solar cells are designed as Single layer, Bi layer hetero junction and Bulk heterojunction.  Among 
these categories, polymer-fullerene bulk heterojunction organic solar cell is a more effective approach 
for organic photovoltaic (OPV) devices due to its high efficiency compared to other techniques.  
The main drawback of organic solar cell is still its poor power conversion efficiency (PCE). Although, 
the power conversion efficiency values of OPVs has been increased from 0.001% to 8.6%. Still a deep 
research has been going on material development, physical understanding, device development and 
optimization, so as to increase the PCE of organic based solar cells.  
Polymer-fullerene bulk heterojunction organic solar cell has been synthesized using P3HT-PCMB 
combination on ITO coated glass with a buffer layer of PEDOT:PSS. Ion beam techniques such as 
irradiation of polymers at low fluence has been used to enhance the efficiency of organic solar cell. 
Ion beams can create the nano-channels in the polymer via cross-linking and thus provides as efficient 
way to increase the efficiency of the cell. 
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The study of semiconductor nanocrystals i.e. Ge, is becoming an expanding field of interest due to its 
potential application in optoelectronics devices [1]. The main reasons motivate the use of Ge 
nanocrystals in the photovoltaic cells are i) greater absorption in the visible range covering a wide 
range of the solar emission spectrum ii) high diffusivity of Ge in silica enables thermal activation of 
Ge nucleation at annealing temperatures below 1000 °C iii) the bandgap energy 0.66 eV can improve 
the quantum confinement effects. Ion implantation technique is particularly favourable for the 
synthesis of Ge nanocrystals because it can precisely control the concentration and depth distribution 
of the implanted ions. The low energy ion implantation has additional advantage of controlling both 
the spatial distribution and chemical states of the implanted ions [2,3]. 
High resolution transmission electron microscope (HR-TEM) images of Ge nanocrystals synthesized 
by ion implantation in silica matrix annealed at 950 °C show a strong size selective depth distribution 
of Ge nanostructures as well as Ge in-diffusion at the interface of SiO2/Si. The local concentration of 
implanted Ge was measured by Rutherford backscattering spectroscopy (RBS).  Structural properties 
and depth profile of Ge embedded SiO2 matrix was studied using high resolution XRD and TOF-
SIMS respectively. Optical properties were discussed using Photoluminescence and Raman 
spectroscopy measurements. 
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*Email: sbiyyer57@gmail.com It has been established that Scanning Tunneling Microscopy with its unique capability to produce and 
image nanostructures has a great potential application, as a tool for nanofabrication [1]. Amongst the 
various techniques used for SPM based nanostructure fabrication, most of the methods generally 
consist of application of voltage pulse across the tip and sample which trigger some physical and / or 
chemical process on the sample. Atom transfer either from the tip to sample or from sample to tip, 
surface diffusion of mobile ad-species and anodic oxidation of the area underneath the tip [2] are 
some of the proposed mechanisms for nanostructure formation. In spite of exhaustive studies of 
nanostructure formation for different tip sample combination, the physical mechanism governing the 
modification is still not clear [3, 4]. Keeping this in view, this work is undertaken for nanostructure 
formation using STM and their characterization with view to understanding the physical mechanism 
for nanostructure formation. we report a novel scheme for nanostructure fabrication on Au (111) and 
H-Si(111) surface. Preliminary experiments were carried out to form nanostructure on Au(111) 
surface  by applying + voltage pulses to the sample , of magnitude & duration varying from 3V to 10 
V and 5 μsec to 70 μsec It was noted that application of lower voltage pulses, did not result into any 
surface modification on flat surface. Holes were created on Au surface  using STM by the application 
of voltage pulse of  10 V amplitude >>Vc = 6 V(threshold voltage) . The existence of high probability 
above Vc was exploited to write single character, string of characters and to form grooves. Similar 
experiments were carried out to create  nanostructures  on H-passivated Si(111)   surface . Random 
pulses of amplitude 10V & 25 μsec  duration were applied ,nanodots of 50 Å in size  ( lattice) were 
formed . It was observed that application of each pulse of 10V amplitude & 5μsec duration  creates 
nanodot~10Å on the flat surface with hundred percent probabilities. e structures formed are reliable 
and repeatable.. The spectroscopic measurements, gives insight of mechanism for nanostructure 
formation, that, it is by the process of field evaporation of atoms either from tip or from sample. More 
elaborate experiments are required to understanding the exact mechanism of atom transfer. The 
present work is an attempt to use SPM as a tool for nanotechnology.    
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Ion beam synthesis is one of the efficient tools for enhancing the seebeck coefficient and lowering the 
thermal conductivity by carrier energy filtering and phonon scattering processes by nanostructuring 
and defect creation respectively, in thermoelectric material1-3. In the present work, we report the 
formation of CoSb alloy thin films in controlled and precise way by low energy ion beam mixing of 
Co/Sb bilayer. The Co/Sb bilayer thin films were prepared by successive electron beam evaporation 
of Co (~50 nm) on quartz followed by thermal evaporation of Sb (~50 nm). The films were then 
irradiated by 200 keV Ar+ ions with varying ion fluences from 3×1015 to 3×1016 ions/cm2 followed by 
annealed at 400oC for 1 hour. Pristine, irradiated and annealed films were characterized by Rutherford 
backscattering spectrometry (RBS) and High Resolution X-ray diffraction (HRXRD) in order to study 
the inter diffusion and phase evolution respectively, in the bilayer system. The HRXRD data exhibits 
that CoSb3 phase increases with the increase in ion fluence. The analysis of RBS data show  that the 
thickness of mixed layer increases with the ion fluence upto 1×1016  ions/cm2.  The SEM images of 
irradiated post annealed films shows the evolution of elliptical nano pits on the surface with the 
increase in the ion fluence. The measurement of thermoelectric properties of synthesized CoSb 
alloy is in progress. 
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  We report the influence of Xe and Kr ion-irradiation on Pt:Si and Ag:Si thin films of ~ 5 nm 
thickness. For the irradiation, several ion energies (275 and 350 keV of Kr; 450 and 700 keV of Xe) 
were chosen to maintain constant ratio of the electronic energy loss to the nuclear energy loss (Sn/Se) 
in Pt and Ag films (5 in present cases). The ion-fluence was varied from 1.0 x 1015 to 1.0 x 1017 
ions/cm2. The irradiated films were characterized using Rutherford backscattering spectroscopy 
(RBS), atomic force microscopy (AFM), scanning electron microscopy (SEM) and X-ray diffraction 
(XRD). The RBS spectra show fluence dependent burrowing of Pt and Ag in Si upon irradiation of 
both ion beams. The RBS analysis also shows ~54 % sputtering yield in Ag film upon 275 KeV Kr 
beam irradiation, 58%  and 62% sputtering yields in Pt film upon irradiation of 350 keV Kr and 700 
keV Xe ion beams, respectively. The depth of metal burrowing in Si for all irradiation conditions 
remains almost constant confirming the synergistic effect of energy losses (dependent on Sn/Se). The 
optimum of both energy losses yields large burrowing. The AFM and SEM images show ion beam 
induced systematic surface nano-structuring of thin films. Relatively regular/uniform nano-structures 
evolve on the surface of Pt with ion fluence. No metal silicide phase has been detected by XRD in the 
films irradiated with highest fluence of both ion beams.  
 
 
 
 
 
 
 
 
 
 
 
Key words: Thin films, medium energy ion irradiation, burrowing of nanoparticles, nuclear and electronic 
energy loss, Rutherford backscattering spectroscopy, atomic force microscopy, scanning electron microscopy, 
X-ray diffraction  
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Present study investigates the role of 100 MeV Si8+ ions irradiation on Zr doped Fe2O3 photo 
electrode in photo electrochemical (PEC) water splitting. Maximum photocurrent density of 3.32 mA 
cm-2 and STH conversion efficiency of 2.09% at 0.7 V/SCE was observed for Zr doped Fe2O3 
irradiated at fluence 1×1012 ions/cm2. X-ray diffraction (XRD), Raman spectroscopy, Scanning 
electron microscopy (SEM), UV-visible spectroscopy and Mott-Schottky analysis were carried out to 
analyze PEC response. XRD showed an enhancement of crystallinity and systematic change of strain 
in the α-Fe2O3 lattice after irradiation up to a threshold value of Si ion fluence 1×1012 ions/cm2. 
Microstructure investigation of the irradiated films by scanning electron microscopy (SEM) exhibited 
highly porous morphology for all the samples. Best PEC response is also favoured by the highest 
value of donor density and flat band potential at semiconductor/ electrolyte interface obtained for 
1×1012 ions/cm2 Si ion irradiated sample. 
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We report angular distributions of sputtered atoms from electron beam evaporated barium fluoride 
thin films under irradiation of 1.3 MeV/uswift heavy ions. Silicon catchers placed at different angles 
from surface normal are used to collect sputtered atoms, which are later examined by Rutherford 
backscattering spectrometry for yield estimation. Similar to the jetlike component observed for LiF 
crystals by Toulemondeet. al. [1], we observe a distribution of sputter yield peaked around 10° from 
surface normal.  
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Germanium is known for sensitivity in its electrical properties to small traces of impurities 
[1].Energetic ion irradiation can produce dots, pits, mounds or 1D structures [2]. We have studied 26 
keV Au--ion bombardment on Ge surfaces at an oblique incidence of 600 with respect to the surface 
normal. Presence of small amount of Au in Ge due to ion bombardment can produce reflective 
grating-like highly ordered ripple structures [3].Au-ion irradiation of Ge does not lead to complete 
amorphization of the substrate and Au atoms are distributed inhomogeneously in the substrate by the 
process of implantation. From the conducting atomic force microscopy (cAFM), and Scanning Kelvin 
Probe force microscopy (SKPM) images, we have found ripplecrests are more conducting than the 
ripple valleys. Cross-sectional Transmission Electron Microscopy (XTEM) and STEM-EDX confirms 
ripple crests have higher gold concentration.cAFMlocal I-V measurements shows formation of 
Schottky like barrier at ripple hills. So these parallel conducting and non-conductingchannels can be 
considered as nano-contacts. Anisotropic resistivity is measured in parallel and perpendicular to the 
direction of ripple wave vector.Figure 1 shows morphological image of an ion bombarded Ge sample, 
nanoscale cAFM I-V data of wire-like ripple structures and SKPM.  

 
Fig – 1: AFM (a) Schematic of cAFM showing ripple peaks and valleys. (b) Height and (c) Current images of 
rippled-Ge surface, (d) Shows current – voltage measurement at a ripple peak, (e) Logarithmic plot of the 
current to measure Schottky barrier height (f)  and (g) shows height and contact potential difference (VCPD) of 
SKPM measurement. (h) Shows overlap of the image (g) and (h). 
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Nanocomposite thin films of Ag-TiO2–PVA coated onto silica glass substrates were prepared by sol-
gel method combined with spin coating and were well characterized by X-ray diffraction (XRD), 
atomic force microscopy (AFM), photoluminescence spectroscopy and UV-visible absorption 
spectroscopy. Effects of 8 MeV Si3+ ion irradiation on the structural, optical, plasmonic and 
photocatalytic properties of Ag-TiO2–PVA nanocomposite thin films were investigated. UV-visible 
absorption studies on the as-deposited nanocomposite revealed the presence of surface plasmon 
resonance (SPR) absorption peak at 451 nm, which red shifted to 435 nm with increase in ion fluence. 
AFM studies revealed the growth of nanostructures in the nanocomposite films upon ion irradiation. 
The photocatalytic activity of Ag-TiO2–PVA nanocomposite thin films was evaluated by monitoring 
sun light driven photocatalytic degradation of methylene blue (MB) dye in water. It was observed that 
the Ag-TiO2–PVA nanocomposites completely degraded 5 µM MB dye in only 30 minutes. The 
mechanism of enhanced photocatalytic activity of Ag-TiO2–PVA nanocomposites will be discussed. 
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We have recently demonstrated controlled procedures to fabricate silicon nanoparticles, nanowires 
and other nanostructures by employing porous silicon as a seed material. The size, shape and 
consequently, the optical properties of these materials can be tuned by precisely controlling the 
synthesis, pre-synthesis and post-synthesis treatments of the seed material. Pre-synthesis treatment 
includes the controlled introduction of defects in silicon prior to anodizationby ion implantation. Post-
synthesis treatments include ultra-fast laser ablation, ultra-sonication and thermal annealing of porous 
silicon at various conditions. It is shown that these procedures can be employed to fabricate various 
types of optical qualitysilicon nanoparticles and nanostructures without using any metal catalysts. 
Porous Si based distributed Bragg reflectors (DBRs) have been fabricated by anodic etching of 
gamma/swift heavy ion (SHI) irradiatedsilicon. It is shown that the central wavelength of reflection 
can be altered by controlling the pre-anodization conditions. The observed changes are attributed to 
the density of defects generated by gamma/ion irradition in Si.Quantum dots will be introduced into 
cavity layer for generating narrower optical emission by employing ion-beam techniques. Elastic 
Recoil Detection Analysis (ERDA) has been performed to elucidate the physical mechanisms that are 
governing the optical properties of these materials. SHI induced desorption of   hydrogen from porous 
silicon has also been studied as a function of dose using on-line ERDA measurements. Finally, the 
effects of SHI irradiation on the structural and optical properties of the isolated silicon nanoparticles 
as well as the silicon nanoparticles that are embedded in dielectric matrices will be discussed in detail.  
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This paper presents the electron beam irradiation effect on single layer graphene. It is necessary to 
study the effect of electron beam exposure on graphene because electron beam irradiation is 
commonly used technique for fabricating and imaging of graphene-based devices using scanning 
electron microscopy (SEM) and transmission electron microscopy (TEM). So, it is necessary to study 
the damage or disordering caused due to electron beam irradiation. We have chosen graphene sample 
grown by CVD method and then transferred over Si/SiO2 substrate using PMMA support. The 
PMMA layer over graphene sample was etched using acetone and then silver contacts were made for 
electrical measurements. The pristine I-V curve was noted for 100 mV, 400 mV and 1 V using 
Agilent Semiconductor Analyser BL 1500. Electron irradiation was done in SEM High Vacuum 
chamber. The electron beam kinetic energy was kept at 25 keV and its corresponding beam current 
was about 480 pA. The Pristine as well as irradiated I-V curve plotted at different fluences is shown in 
figure 1.  
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Figure 1.  Graphene I-V characteristics at different fluence.  

Figure 1 represents the I-V characteristic after different fluence of irradiation at 100 mV along with 
the I-V curve of the pristine sample. It is clear that the resistance of the single layer graphene sample 
increases with the increase in the fluence of irradiation. The resistance of the pristine graphene sample 
was found to be 0.73 k ohm and after irradiation of 3.3×1012 e- /cm2 the resistance of the sample 
increased to 3.48 k ohm. This increase in the resistance can be a repercussion of the amorphization of 
the graphene lattice structure.   
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  Graphene oxide (GO) is an emerging material for energy applications such as electrodes in 
solar cell, batteries etc. Graphene oxide is an insulating material but controlled deoxidation leads to an 
electrically and optically active material that is transparent and conducting1. Recently Kim et al. used 
electron beam for patterning the conductive channel in graphene oxide insulating film2. The 
conductance increases due to reduction of graphene oxide film. Electron beam is useful technique for 
reduction of the graphene oxide thin film3. We want to study the effect of electron beam irradiation on 
graphene oxide film. In the preliminary work we studied the thermal annealing effect on the optical 
band gap of GO sample to compare the results with electron beam irradiation reduction effect. We 
deposited GO thin film by drop casting method over quartz. The deposited film annealed at 400 
degree Celsius. The UV visible spectra recorded before and after annealing. We compare the Tauc 
plot before and after annealing.  The optical band gap drastically changes from 1.19 to 0.48 after 
annealing treatment at 400 degree Celsius. We are now planning to irradiate GO sample by electron 
beam with selective fluence and want to study optical properties. Our results will improve the 
understanding of interaction between electron beam and graphene oxide. 
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 Fig: Graph represents the UV-VIS spectra of thin film of graphene oxide. 
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Nanocrystalline SnS powder has been prepared using tin chloride (SnCl2) as a tin ion source and 
sodium sulfide (Na2S) as a sulfur ion source with the help of ultrasound irradiation at room 
temperature. The as-synthesized SnS nanoparticles were quantitatively analyzed and characterized in 
terms of their morphological, structural and optical properties. The detailed structural and optical 
properties confirmed the orthorhombic SnS structure and a strongly blue shifted direct band gap 
(1.74eV), for synthesized nanoparticles. The measured band gap energy of SnS nanoparticles is in a 
fairly good agreement with the results of theoretical calculations of exciton energy based on the 
potential morphing method (PMM) in the Hartree Fock approximation,shows a fairly good agreement 
indicating that the observed blue shift is attributed clearly to the effect of the quantum confinement. 
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 Indium selenides have attracted extensive attention as a in high-efficiency thermoelectric material 
due to their extraordinary and tunable electrical and thermal properties.The ion beam processing of 
materials  is one of the attractive ways of synthesis of thin films and has been used recently for 
synthesis of thermoelectric thin films. The ion beam synthesized thermoelectric films were shown to 
be nanostructured which give higher Seebeck coefficient [1,2]. In The present work In(~150nm)/Se 
(~150nm) and Se(~150nm)/In(~150nm) thin films were  deposited successively on the glass substrate 
by thermal evaporation  method under 10-5 mbar pressure  at room temperature.  The In/Se bilayers 
were irradiated with for low energy ion beams of 350 Kev Kr. This sample was then characterised by 
High resolution XRD (HRXRD). HRXRD study reveals phase formation in the case where indium is 
on uppermost layer. Other studies related to the thermoelectric properties of the InSe thin film like 
electrical conductivity, thermoelectric power and Hall measurements are in progress. Rutherford 
backscattering spectrometry (RBS) of each sample will also be carried out. These results of low 
energy will be compared with the results obtained by high energy irradiation done previously.  
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 A comparative study of energy deposition on C70 thin films by 90MeV Ni and 55 MeV Si ions was 
done. Thin films were grown on glass, quartz and silicon substrates by resistive heating of C70 
powder. The thin films were irradiated with fluences in the range from  to  
ions/cm2. The investigation of structural and optical changes was done after irradiation by Raman and 
UV-visible spectroscopy, respectively. Raman studies reveal that C70 results in amorphous carbon 
formation after irradiation. The approximated band gap values decrease after irradiation and the 
decrease is more in case of 90 MeV Ni ion. For 90 MeV Ni ions irradiated C70 fullerene, the damage 
cross-section  and radius of damaged cylindrical zone  were approximated to be 1.38  
cm2 and 2.1 nm, respectively whereas for 55 MeV Si ions irradiated films the damage cross-
section  and radius of damaged cylindrical zone  were approximated to be 0.6  cm2 
and 1.41 nm, respectively. Hence the effect is more by 90 MeV Ni ions, as the energy deposited by 90 
MeV Ni ion was more as compared to 55 MeV Si ion. 
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[6, 6]- Phenyl C61 butyric acid methyl ester (PCBM) is a fullerene derivative and most commonly 
used in organic photovoltaic devices as both acceptor material and electron transporting material. In 
this study, the spin casted thin films of PCBM on different substrate were irradiated using 55 MeV 
Si+4 swift heavy ion beam at different fluences 1x1010, 1x1011 and 1x1012 ions/cm2. The pristine and 
irradiated PCBM thin films were characterized by UV-visible absorption spectroscopy and Fourier 
Transform Infrared spectroscopy (FTIR) to investigate the optical properties. These films were further 
analyzed using AFM analysis and contact angle measurement to investigate the effect of irradiation 
on surface morphology and wet ability after irradiation on PCBM thin films. The I-V measurement 
was performed for analysis of resistivity after irradiation. The variation in optical band gap after 
irradiation was measured by Tauc’s relation using UV-visible absorption spectra. A small change was 
observed with increasing fluence in optical band gap of irradiated thin films with respect to the 
pristine film. The reduction in the FTIR bands intensity was observed after irradiation which is 
showing the decomposition of PCBM molecular bond due to high energy ion beam impact. 
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In the present work, we have synthesized AuFe cosputtered thin films using RF magnetron sputtering 
technique and subsequently irradiated with 100 MeV Au ions at different fluences. The thickness and 
composition of these thin films are measured using Rutherford back scattering spectrometry with Au 
and Fe content 44 at% and 56 at% respectively. X ray diffraction results confirm the formation of 
alloy in as synthesized thin films, despite being immiscible in bulk phase. The composition of the 
alloy determined using Vegard’s law is Au87Fe13. X ray diffraction and scanning electron microscopy 
results show the formation of Au rich and Fe rich regions after irradiation at a fluence of 1x1014 

ions/cm2. SQUID and Mossbauer measurements shows the paramagnetic state of as deposited alloy 
which converts in to ferromagnetic state after irradiation.  
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Quantum confinement effect and surface effect play important roles in spectroscopic properties of 
luminescent materials. Defects and disorders related to surface may generate local states within band 
gap acting as traps for excitation. Surface atoms may adsorb ions with high vibrational frequency such 
as H+ or OH- . Coupling larger energy phonons they are with large non-radiative transition rate and act 
also as traps for excitation. The existence of such kinds of surface quenching centers lowers the 
quantum efficiency of doped ions. Surface modification have usually been applied to eliminate the 
influence of surface. In the present study irradiation effect of C+6 (80 MeV) ions on ZnS:Fe system 
have been performed and analyzed by using XRD, PL UV-Vis and Positron Annihilation 
Spectroscopy. 
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Pristine BiVO4 thin films were prepared by spray pyrolysis (SP) method using bismuth nitrate 
pentahydrate and vanadyl acetylacetonate precursors. The prepared films were characterized by X-ray 
diffraction technique, UV-visible absorbance spectroscopy, Scanning electron microscopy (SEM) and 
current-voltage (I-V) measurements. The quality of deposited film was assessed by scanning electron 
microscope (SEM) which shows uniform and dense deposition of nanostructured film.  
XRD reveals the dominant evolution of scheelite phase of BiVO4 (JCPDS card no. 75-1867) with 
suppressed peaks of FTO substrate. To optimize the results duration of spray was varied and I-V 
measurements were taken both KOH and NaOH at pH 13. The film which was sprayed for 120 sec at 
60 sec interval time showed maximum photocurrent density of 50ߤA/cm2 in aq. NaOH at 0.1 V/SCE 
(applied bias w.r.t Saturated Calomel Electrode). The UV-visible absorbance spectrum shows that 
material with highest photocurrent density show maximum absorbance among different variations 
with absorption edge energy of 2.3 eV.  
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Study on photoelectrochemical activity of pristine BaTiO3, Cu2O and BaTiO3/Cu2O heterojunction 
has been carried out using DFT based band offsets and charge carriers effective mass calculations and 
their experimental verification. The results of DFT calculations show that BaTiO3 and Cu2O have 
staggered type band alignment after the heterojunction formation and high mobility of electrons in 
Cu2O as compared to the electrons in BaTiO3. Staggered type band edges alignment and high mobility 
of electrons and holes improved the separation of photo-generated charge carriers in BaTiO3/Cu2O 
heterojunction.  To validate the theoretical results experiments were carried out on pristine BaTiO3, Cu2O and BaTiO3/Cu2O heterojunction with varying thickness of Cu2O. All samples were 
characterized by X- Ray Diffractometer, SEM and UV–Vis spectrometry. Nanostructured thin films 
of pristine BaTiO3, Cu2O and BaTiO3/Cu2O heterojunction were used as photoelectrode in the 
photoelectrochemical cell for water splitting reaction.  Maximum photocurrent density of 1.44 
mA/cm2 at 0.90 V/SCE was exhibited by 442 nm thick BaTiO3/Cu2O heterojunction photoelectrode 
(Fig.1). Increased photocurrent density and enhanced photoconversion efficiency, exhibited by the 
heterojunction may be attributed to improved conductivity and enhanced separation of the 
photogenerated carriers at the BaTiO3/Cu2O interface. The experimental results and first-principles 
calculations compare well, thus suggesting that such calculations have the potential to be used in 
screening various metal oxide heterojunction before performing the experiments thereby saving 
precious chemicals, time and energy.    
 
 
 
 
 
 
 

Fig.1 Photocurrent density vs. Applied potential curve for Pristine Cu2O (A), BaTiO3 (B),  and BaTiO3/Cu2O 
heterojunction samples under visible light illumination in 0.1M NaOH electrolytic solution. 
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 The present work deals with the calculations of the total ionization cross sections of fullerene due to 
electron impact. The theoretical model, developed by Khare, has been modified to calculate the total 
ionization cross section for molecules, atoms, clusters and other particles.  Present model prevail a 
high degree of goodness of cross sections to the theoretical data.  
Scattering is one of the most fundamental processes to study the structure and properties of the target. 
The study of nano particle clusters serves as a definitive approach in studying at molecular level what 
is often referred to as aggregate are fifth state of matter having properties between the gas and the 
solid or liquid state [1]. For fullerene the total ionization cross sections have been measured by 
various groups [2, 3] and theoretically by Deutsch et al. [4]  have calculated the cross section in the 
energy range threshold to 1000 eV. In Khare model [5] the present total ionization cross- section is 
 

          (1) 
                       

 
  
Where t = E’/ Ij, m is the rest mass of the electron, Q_ is the recoil energy, bnl is the Bethe parameter 
and β = v/c. 
The present ionization cross sections are in satisfactory agreement with Deutsch [4] while both 
theoretical data is not in good agreement with experimental data [3]. Present method has been 
successfully tested for a number of molecular and atomic targets [6-8].  As far as we know there is no 
other single model to apply for such a wide range of energies and seems to be very use full for 
applications.                                                                                                                                     
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The n-type polycrystalline thin films of WO3 (monoclinic) were prepared using sol-gel technique at an 
optimized temperature of 400oC. The prepared thin films were coupled with cobalt based oxygen 
evolving catalysts CoAc and CoPi in phosphate buffer to enhance the photoelectrochemical 
performance of WO3 electrode. Sodium tungstate was used as a precursor salt for sol formation. Thin 
film deposition was carried out on well cleaned and pre-heated fluorine doped tin oxide (FTO) using 
sol-gel method at a spin rate of 1200 rpm. Cobalt based catalyst was then photodeposited on to the 
prepared WO3 electrode by electrodeposition method. The photocurrent densities for WO3-Co based 
catalysts were studied and it was found that on comparing the photocurrent densities obtained using 
pristine and CoAc & CoPi modified WO3, the modified electrodes offered 1.5 times enhancement in 
the photocurrent density as compared to unmodified WO3 which may be attributed to trapping of 
holes by oxygen evolving catalyst. It was also observed that onset potential decreased significantly in 
case of CoAc modified WO3. The details would be presented. 
 


