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Aims and Objectives of PhD Research 

Fabrication of Group IV based advanced functional oxides novel nanostructures by a facile 

hydrothermal method. 

Study their components and structural investigations by employing Scanning electron 

microscope, Transmission electron microscope, High-resolution transmission electron 

microscope, X-ray photoelectron spectroscopy, X-ray diffraction and Raman Spectroscopy. 

Investigate the optical properties of the obtained advanced functional nanomaterials by 

probing their photoluminescence emissions and Ultraviolet-visible absorption behavior, 

Optical band gap values and their mechanism. 

Study the magnetic properties employing vibrating sample magnetometer (VSM) and 

discuss their mechanism. 

Analysis of the possible future applications of the synthesized nanostructures in solar cells, 

Ultraviolet and visible light emission devices and magnetic resonance imaging 

Research Mission of the PhD Project 

The main focus of the research has been to explore the recent advances on single-

crystalline manganese-based functional oxides nanostructures with an emphasis on 

systematic variations in the electronic and crystal structure, their comparative analysis to 

study the correlation of structural investigations with the observed optical and magnetic 

properties in detail. The controlled-synthesis of manganese-based functional oxides novel 

nanostructures including 1D MnO2 Nanorods, Nanowires, Shrimps-like nanostructures, 3D 

Mn3O4 Nanocoins, 3D Cu0.45Mn0.55O2 Nanowhiskers, Flower-like Nanostructures and 

Nanoflowers has been achieved by the choice of hydrothermal synthetic strategy. 

Furthermore, the effect of reaction parameters, choices of precursors, pH values, variation 

in the hydrothermal reaction time and temperature and doping materials on the diameter 

and structural aspects, growth parameters, lattice vibrations and opto-magnetic properties 

of the obtained nanostructures has been investigated by several characterization tools and 

discussed in detail to explore the origin and mechanisms responsible for their remarkable 

physical properties. 

Research Accomplishments 

The following main achievements have been obtained during my PhD research work by the 

efficient utilization of hydrothermal-growth strategy of MnO2, Mn3O4 and Cu0.45Mn0.55O2 

nanostructures with controlled morphology, dimension and orientation to achieve the 

desired physical properties for many potential applications. 

Several novelties for various nanostructured 1D single-crystalline MnO2 architectures such 

as improvement in the crystalline structure and surface morphology by introducing SiO2 as 



a dopant, diameter-controlled synthesis by varying the hydrothermal reaction time, novel 

size-dependent magnetic properties with weak ferromagnetic characteristics, novel 

photoluminescence emissions in green-violet spectral region, maximum UV-visible 

absorption in the visible region and a wide band gap value of 2.5 eV has been studied in 

detail. 

I have successfully reported the hydrothermal-growth of novel 3D Mn3O4 coins-like 

nanostructures self-assembled with randomly distributed single-crystalline nanoparticles. 

The novel photoluminescent spectra of the as-prepared Mn3O4 nanostructures exhibit 

prominent emission bands located in ultraviolet, violet, blue and green spectral regions 

without altering the surface chemistry of the material. In addition, a novel yellow PL 

emission peak has been observed and attributed to the d-d transitions involving Mn3+ ions 

in self-assembled randomly oriented nanoparticles. The observed highly photoluminescent 

response in the yellow –ultraviolet has been achieved without any surface modification. 

Controlled synthesis of various 3D Cu0.45Mn0.55O2 novel nanostructures including 

nanowhiskers self-assembled by interconnecting single-crystalline nanosheets, flowerlike 

nanostructures and nanoflowers self-assembled by interconnecting densely stacked single-

crystalline nanoplates by a facile hydrothermal-growth strategy.  The structural features 

are studied to analyze the near-neighbor environment of oxygen coordination around 

manganese and copper cations and reported for the first time using Raman scattering 

spectroscopy. Furthermore, the thermodynamic phase stability, novel PL emission spectra 

in the red-violet spectral region, maximum UV-visible absorption in the visible region, wide 

band gap value of 2.53 eV and novel weak ferromagnetic properties have been reported 

during my PhD studies. 

Objectives and Accomplishments of Postdoctoral Research 

I have made significant contributions to the project by developing a cutting-edge novel 

fabrication scheme in combination with MCVD method for “Rare-earth doped Alumino-

Silicate Nanoparticles” which is the first of its kind and considered as a major breakthrough 

in the field. The proposed fabrication scheme is sufficiently versatile and can be adapted to 

incorporate RE elements and co-dopants with excellent dopant uniformity and good 

repeatability. 

My Postdoctoral Research is based on ERC and TUBITAK funded project “Novel Fibers for 

Acoustics and Fiber Laser Applications” in a well-known National Center and top world 

ranked University. The main responsibilities during my Postdoctoral research included 

Fabrication of “Rare-earth doped Alumino-Silicate Nanoparticles” for Preform growth using 

state-of-the-art Modified Chemical Vapor Deposition (MCVD) technique to produce High 

Power Fiber Lasers  and their detailed analysis using advanced characterization tools such 

as WDS, TEM, SEM, EDX XPS, and Raman etc. Our focal research in the project has been to 

grow high quality preforms to gain high output power and high efficiency with low power 



losses in the drawn fiber. The primary focus of my Postdoctoral research is to develop a 

novel and an effective fabrication method for Rare-earth doped Silica nanostructures which 

can be combined with MCVD to obtain the best results to be reported for benefits of science 

community. 

Total Number of International Peer reviewed Publications = 30 

Science Citation Indexed (SCI) / W Category Publications = 26 (Web of Science / JCR) 

Engineering Indexed (EI) Publications = 04 (EI Village) 

Total Impact Factor = 42 (Thomson Reuters, Web of Science / JCR) 

Number of Citations = 224 (Thomson Reuters, Web of Science) 

MS Research Students supervised as a PI = 05 

Ongoing Supervision of MS research students as PI = 07 

Ongoing Supervision of PhD Research student as PI = 01  
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Awards and Achievements 

Participated as a Young Scientist in 65th Interdisciplinary Lindau Nobel Laureates 
Meeting in Lindau, Germany, 2015 
 
President’s Gold Medal 2014 for outstanding research contributions during Doctor’s 
degree programme to the University of Science and Technology Beijing, P. R. China 
 
The best PhD Thesis among the 2014 graduates in University of Science and Technology 
Beijing, P. R. China 
 
Keynote Speaker / Invited Talk in International Conference on Nanocomposites and 
Multifunctional Materials 2017 held at National University of Sciences and Technology 
NUST, Islamabad, Pakistan (August 21-23, 2017) 
 
Invited Speaker at the European Materials Research Society E-MRS Spring Meeting 2017, 
Strasbourg, France (May 22-26, 2017) 
 
Award of Outstanding Contributions to International Student Education for the 2012-
2013 academic year during my PhD studies 
 
Second Prize in USTB’s Excellent International Student Scholarship for the 2012-2013 
academic year during my PhD studies 
 
Vice President of International Students Union i.e. NSSU (New generation students study 
abroad union) appointed by the International Office University of Science and Technology 
Beijing, P. R. China (2012-2014) 
 
Masters training in Physics organized by HEC (Higher education Commission) of Pakistan 
held at Quaid-i-Azam University, Islamabad Pakistan from 16th July to 15th August 2007. 
 
Member Senate, Hazara University Mansehra, Pakistan (2009-2012) 
 
Life membership of Pakistan institute of Physics 
 
HEC PhD Approved Supervisor (2017-2020) 
 
Letter of Appreciation from Vice Chancellor and Dean of Sciences Hazara University 
Mansehra in recognition of the outstanding performance and research professionalism 
during PhD studies (President’s Gold Medal 2014) 
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