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The Panel of Experts 

The Pakistan Council for Science and Technology, Ministry of Science and Technology, Government of Pakistan constituted a Panel of Experts during January 2014 to undertake the assignment of Technology Foresight on Nanoscience & Nanotechnology for Pakistan having the following members, who actually participated in the process.
	No.
	Name/Designation
	Role in the Experts Panel

	1
	Dr. Irshad Hussain, Chairman, Department of Chemistry, SBA School of Science & Engineering, LUMS, Lahore
	Team Leader

	2
	Prof. Dr. N.M Butt, Professor and Chairman, PINSAT, Preston University, Islamabad
	Member

	3
	Prof. Dr. Khurshid Hasnain, Distinguished Scientist, National Center for Physics, Islamabad
	Member

	4
	Dr. Fazal A. Khalid, Pro-Rector GIK Institute, Topi
	Member

	5
	Prof. Dr. Aslam Baig, Distinguished Professor, National Center for Physics, Islamabad
	Member

	6
	Prof. Dr. Muhammad Mujahid, Dean and Principal, School of Chemicals and Material Engineering, NUST, Islamabad
	Member

	7
	Dr. Arshad Saleem Bhatti, Dean CIIT, Islamabad
	Member

	8
	Dr. Waheed S. Khan, Principal Scientist, NIBGE, Faisalabad
	Member

	9
	Dr. Arshad Janjua, Dy. Chief Scientist, NILOP, PINSTECH, Islamabad
	Member

	10
	Prof. Dr. Khwaja Yaldram, Professor PINSAT, Islamabad
	Membe

	11
	Dr. Yaseen Iqbal, Professor & Director, University of Peshawar, Peshawar
	Member

	12
	Dr. Mazhar Mehmood, Principal Engineer, PIEAS, Islamabad
	Member

	13
	Dr. Humaira M. Siddiqui, Professor, Department of Chemistry, QAU, Islamabad
	Member

	14
	Dr.Hussnain Janjua, NUST, Islamabad
	Member

	15
	Dr. M. Raza Shah, Associate Professor, HEJ, Karachi
	Member

	16
	Dr. Shafqat Karim, Principal Scientist, PINSTECH
	Member

	17
	Dr. Najeebullah, Director, Center for Advanced Studies in Energy, UET Peshawar
	Member


Terms of Reference
The TOR’s of the Panel of Experts on “Nanotechnology Foresight” are reproduced as under:

1. The Expert Panel shall comprise of at least 10-12 members pertaining to public and private sector, R & D organizations, academia, and civil society. The panel will meet 3-4 times in three months to finalize the technology foresight in nanotechnology and prepare a comprehensive report, indicating the current status viz-a-viz strengths, weaknesses, opportunities, and threats (SWOT) of the sector. 
2. Dr. Irshad Hussain, Chairman, Department of Chemistry, SBA School of Science & Engineering, LUMS, Lahore, will act as the Team Leader. The team leader is expected to prepare a report. In this regard he will get inputs from other team members
3. The panel will work as a Think Tank, in the field of Nanotechnology, for the Government of Pakistan using Technology Foresight process, keeping in view a time horizon of 10-15 years.
4. The panel shall identify and prioritize R & D areas and future technologies that will be required for different disciplines of Nanotechnology by 2025.

Introduction to Technology Foresight

Technology Foresight (TF) can be described as a systematic approach in which various methodologies and techniques are combined in order to create better awareness for the future. It is neither about delivering probabilistic predictions of the future technologies (Technology Forecasting) nor is about anticipating the impacts of future technologies in today’s society (Forecasting Assessment). Rather it is a Systematic Process to visualize Science, Technology, Industry, Economy and society in the long run, with the purpose of identifying technologies that can generate economic and social benefits.

Foresight is by nature multi-disciplinary, requiring the expertise of contrasting groups in order to combine scientific and technological expertise with an understanding of society, economy and environment. It is usually intended to have a major impact, and often includes controversial issues where there are lots of vested interests. This is especially true of priority setting for the allocation of resources, which is a common application of foresight.

Foresight’s role is

· To help government think systematically about the future.

· To give ownership of decisions to all stakeholders for adoption of policies and their implementation.

· To promote culture of future oriented thinking.

· To promote networks between ministries, departments, institutions and companies. 

· The consultations facilitate identification of policies and projects.  

The starting point for a policy or a project recommendation is a key issue where science holds the promise of solutions (e.g. information and communication technologies, in which Pakistan has already invested considerably). In addition, it may be an area of cutting edge science where the potential applications and technologies have yet to be considered and/or articulated more broadly (e.g. biotechnology, nanotechnology).
Nanoscience & Nanotechnology
Nanoscience and nanotechnology (NSNT) is usually defined as an art and science of manipulating matter at the atomic and molecular level to create new structures, materials and devices with at least one feature less than 100 nm. The idea of this technology was though given by Richard Feynman in his famous speech at Caltech in 1959, well known as “there is a plenty of room at the bottom”, but there was no significant advancement in this exciting field till about mid-1980s. This was mainly because of the unavailability of the tools to image/characterize the materials at nanoscale level except transmission electron microscopy that was also limited only to a few labs at that time. With the discovery of scanning probe microscopy in early 1980s, that has now the capability to image down to a single atom or molecule, and the advancement in electron microscopy (both TEM & SEM), an impressive progress was witnessed in this exciting area immediately afterwards. Since then remarkable discoveries have been made to prepare novel nanoscale materials both by top-down and bottom-up approaches and to demonstrate their exotic applications in a variety of fields. 
Nanomaterials have unique chemical and physical properties that are much different and, in most cases, superior to those of their building blocks (atoms or molecules) and the corresponding bulk counterparts. The unique properties of nanomaterials are due to their nanoscale features and can easily be manipulated by controlling their size, shape and surface chemistry. For example, the carbon based nanomaterials, i.e., carbon nanotubes, fullerenes and graphenes have amazing chemical, thermal, electrical and optical properties that make them unique and much superior over the traditional carbon-allotropes for diverse applications especially in biomedical sciences, renewable energy technologies, and structural materials. Similarly gold was known to be a noble metal with a golden metallic luster, but now it is well established that when its size is reduced down to 100 nm, it changes its color from blue(~80-100 nm) to purple (30-80 nm) , red (~3 – 30 nm), brown (~ 1.5 – 3 nm) and even yellowish (< 1 nm) for a few atom clusters mainly due to their size and shape-dependent surface Plasmon resonance band. More interestingly, gold nanoparticles also become catalytically active especially for the oxidation of poisonous CO, when their size is reduced to less than 5 nm. Gold particles even start behaving as semiconductors when their size is reduced down to 1.7 nm due to the separation of their conduction and valence bands and even as fluorescent molecules/clusters due to the separation of their HOMO and LUMO when their size approaches to ~ 1 nm comprising only of a few or tens of atoms with appropriate organic ligands at their surface. The interesting optical properties, non-toxic nature and easier surface engineering of gold nanoparticles have made them attractive candidates for striking applications in disease diagnostics, drug/gene delivery, phototherapy, catalysis, optics and electronics. These are just a few examples among a long list of exotic nanomaterials that are being searched extensively to explore and demonstrate their applications in diverse fields including renewable energy technologies, biomedical sciences, water and environment, food and agriculture, industry, defense and structural materials and devices.
Keeping in view the exciting applications of nanomaterials in almost all the Science and Technology related disciplines, many countries, including India and Iran, allocated a huge chunk of their Science & Technology budget for nanomaterials research in late 1990s and early 2000s. Prof. Atta-ur-Rahman (Ex-Minister for Science & Technology and the founding Chairman of Higher Education Commission (HEC)) and Dr. N.M Butt, in Pakistan, also realized the importance of NSNT at the same time and convinced the Government of Pakistan to establish a National Commission on Nanoscience & Technology (NCNST) under the leadership of Dr. NM Butt, a renowned and highly regarded Physicist in Pakistan. On the recommendation of NCNST, Ministry of Science & Technology approved 05 mega projects worth ~ PKR 900 million in the field of Nanoscience & Nanotechnology to establish nanomaterials research facilities and manpower development programs at various universities and R & D institutions. In addition, HEC also approved a few mega projects at QAU and PIEAS (worth over PKR 60 million each) and many smaller projects (worth up to PKR 20 million) in this field in several universities and R & D institutions in Pakistan. These initiatives led to the development of reasonable research facilities for NSNT in the universities/R & D institutions especially CIIT, QAU, PINSTECH, PIEAS, NIBGE, PCSIR, Punjab University, and many other organizations (notably ICCBS, GIKI, Peshawar University and NCEAC, Jamshoro) and most of these are now regularly producing a handsome number of graduate students (MS & PhD) in nanomaterials research. LUMS also launched its Science & Engineering program in 2008 and now several groups are focusing on the synthesis & applications of nanomaterials with an increasing focus of the school on nanoscience & nanotechnology. All these activities have led to a significant increase in the number of research articles in the field of NSNT with a consistent improvement in the quality of research articles published from Pakistan. This is evident from the graphs below showing the number of research articles published in 2000 and afterwards and their citations in the same period (Data taken from ISI Web of Science on May 20, 2014, using the keywords nano* (topic) and Pakistan (address). Please note that this data is till May 20, 2014, and therefore there is a little dip in the citations of research articles published during 2012-2014.
Despite an impressive increase in the number and quality of research articles in the field of NSNT in Pakistan, there is no evidence of translation of such research into a marketable product as yet. There is, therefore, a serious need to bring together the scientists and engineers directly involved in this field in Pakistan to share their experiences and then brainstorm to design doable applied research projects that have immediate applications particularly in the local industry, in addition to the fundamental research projects that are equally important for the fundamental development of Science & Technology.
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Fig.1. 
An increasing number of research articles published with Pakistan address along with their overall citations in the same duration reflecting a significant improvement in their quality.
It is, therefore, extremely important to create more awareness among the industrialists how this technology can be helpful to improve the quality of their products that may be required to keep their visibility in the global market in the years to come. PCSIR is already doing a good job in this regard and helping surgical instruments industry in Sialkot, and to some extent Textile industry in Faisalabad, to add value to their products by coating them with nanoparticles of different materials to improve their desired properties. Previous experience shows that it is hard to convince our industrialists to invest in R & D activities that is always required to develop new products or even improve the existing ones. More industry-academia meetings are, therefore, essentially required with a serious desire to help each other by supporting products-oriented research projects. Government may play a serious and effective role in this regard by forcing all the industrialists to allocate a part of their profit for R & D activities by giving them incentives on appropriate reduction in the taxes. In all the developed countries, the private industry is very active in supporting research projects of applied nature that has been very instrumental to bring new and improved products to the market. While noting the importance of applied research projects in the field of NSNT, we should not forget the importance of the basic research that is always required for the fundamental development of science & technology and the training of the students, and often led to the new ideas of applied nature.
Keeping in view the potential applications of Nanotechnology in diverse fields and realizing its importance, it is now declared as a priority area by the current Government. Ministry of Science & Technology is particularly active in developing strategies for the promotion of Nanotechnology and has assigned Pakistan Council for Science & Technology (PCST) to develop a short and long-term policy under its Technology Foresight program. PCST identified a Nanotech Expert Panel to work on this assignment that met at PCST 03 times, in addition to arranging meetings with the industrialists. Nanotech expert panel identified 09 priority areas in the field of NSNT and sub-committees were formed to critically analyze the work being done in these areas in Pakistan in national and international context, identify the shortcomings and the issues hindering the conduct of quality research in this field in Pakistan, and then give short/long term technical and policy recommendations to further promote NSNT especially to transform fundamental research into marketable products and support local industry. The list of identified priority areas along with the names of the conveners of the sub-committees, who were mandated to submit their reports on the assigned areas, is given below followed by the short reports and recommendations in all these 09 prioritized areas in NSNT.
S. No.
Prioritized areas in NSNT

Names of the Convener
1.
Energy




Syed Khurshid Hasnain (NCP)

2.
Biomedical Sciences


Irshad Hussain (LUMS)

3.
Industrial & Engineering Materials
Fazal Khalid (GIKI)

4.
Nanofabrication & Devices

Arshad Saleem Bhatti (CIIT)
5.
HRD for NSNT


N.M. Butt (PINSAT)

6.
Clean Water & Environment

M. Aslam Baig (NCP)

7.
Ethics, Safety & Regulations

Khwaja Yaldram (PINSAT)
8.
Food & Agriculture


Waheed S. Khan (NIBGE)

9.
Catalysis



Mazhar Mehmood (PIEAS)

Energy – A Prioritized Area of NSNT
Compiled by Syed Khurshid Hasnain (NCP)
A. Introduction to some of the main applications of nanotechnology in energy technologies. 

Nanotechnology is a key enabling technology both to exploit traditional energy sources in a more efficient, safe and environmentally friendly manner, and to tap into the full potential of suatainable sources such as biomass, wind, geothermal and solar power. It also offers solutions to reduce energy losses in power transmssion, and to manage complex power grids.

Here we give a brief introduction to some of the main and promising applications of nanotechnology in the energy sector that are being pursued internationally.

1. Solar Energy: One of the most active areas and of principal relevance for Pakistan is the use of soalr power to generate electrical power. Here one of the main drawbacks traditionally has been the low efficiency of solar cell materials. Several types of nanomaterials that both absorb light and also collect the generated carriers with high efficiency, are currently being developed. Graphene, a carbon based nanostructure, has shown highly promising results in this respect. Graphene based solar cells hold the key to high efficiency solar cells that are low cost and more resource efficient.

2. Thermoelectrics: Turning waste energy into valuable energy.

Thermoelctric materials convert heat directly into electricity and thus recycle some of the energy contained, for instance, in hot exhaust streams. Traditionally thermoelectrics have been hampered by low efficiency. Recently developed nanostructured thermoelectrics , with much better efficiency, mark the beginning of a new era. Essentially nanomaerials act as better thermoelectrics by virtue of their lowered thermal condictivity that enables higher efficiencies of conversion of heat into electrical power.Intense international activity is being carried out in this area to make the manufacturing of these nanomaterials on the mass scale more cost friendly.

3. Boosting Power generation from Wind:

The energy provided by wind turbine is proportional to the square of the blade length. Nanocomposite materials with excellent strength-weight ratios enable the construction of longer, more robust blades. Low friction coatings and nanolubricants provide means to reduce energy losses in gearboxes and thus further increase efficiency. With Pakistan’s emphasis  on wind power in the southern corridor, the use of nanomaterials as coatings give a definite boost to the efficiency of the turbines.

B. Nanoscience and Technology Activities Relevant to Energy applications in Pakistan

In this section we wish to highlight the activities that are taking place in Pakistani research institutions in the field of nanosciences and technology that have a potential for increasing the energy efficiency of present processes and/or the development of newer processes of conversion of energy from one form to another. A number of research groups concentrated more heavily in the Northern part of the country are focusing on various aspects of nanoscience and technology with direct relevance to applications in the energy sector. This includes physicists, chemists and material scientists at institutions such as National Center for Physics (NCP) Nanoscience and Catalysis Division, Pakistan Institute of Engineering and Applied Sciences (PIEAS), PINSTECH, Quaid-i-Azam University (QAU), Lahore University of Management Sciences (LUMS), COMSATS (Islamabad and other campuses), Ghulam Ishaque Khan Institute (GIK) etc. Furthermore there is significant activity of engineering groups in energy related research at National University of Sciences and Technology (NUST), Islamabad and University of Engineering and Technology, Peshawar. NUST and UET (Peshawar) are going to establish Energy Centers funded by USAID. It is emphasized that this list is not exhaustive and there may also be other groups whose activities are relevant to the general area of energy technology. 

A. Energy related sectors where nanoscience and technology research activity is significant:
	
	Sector
	Basic Concept

	1. 
	Photovoltaics:
	Conversion of solar energy into electrical energy with the efficiency of conversion improved by the use of various nanomaterials and processes.

	2. 
	Photo Electrochemical (PEC) cells:
	A device which converts solar energy into chemical energy (H2 and O2) at two different electrodes).

	3. 
	Fuel cell:
	A device that converts the chemical energy from a fuel into electricity through a chemical reaction with oxygen or another oxidizing agent.

	4. 
	Li ion batteries (LIBs) and Supercapacitors:
	LIBs are rechargeable batteries for converting chemical energy into electrical energy with Li ions as the charge carriers. Lightweight; efficient.

	5. 
	Bio-fuels through nanocatalysis:
	Conversion of various forms of hydrocarbons into fuels with higher efficiency achieved through nanocatalysis. Some processes have been patented.


C. Manpower Availability: 

In most of the institutions identified earlier there are PhD holding faculty members or full time PhD holding researchers working in groups, typically ranging in size between 2 and 6. There are multiple such groups in most institutions such as QAU, NCP, PIEAS and LUMS. e.g. at QAU one can identify 4-5 such smaller groups spread over physics and chemistry whose activities are relevant to the applications of nanoscience to energy needs. Similarly at NCP (Nanoscience and Catalysis Division) there are 4 groups working on different aspects of this theme. At LUMS also one can identify 3 groups active in this area. In addition to the PhD faculty, in most of these institutions a large number of PhD and MPhil students are participating in the research and a number of PhDs have been awarded. There is great diversity in the skills and expertise available both inter and intra institution, that ranges from experimental and theoretical condensed matter physics to materials chemistry and onwards to engineering skills. This diversity makes it feasible to think of collaborative activities where the expertise of various groups can be integrated to give a functioning solution(s) to our existing energy problems. Research work emanating from these institutions is being published in high quality international scientific journals.

D. Comments: 
1. In all of the above mentioned activities, recent international results show that incorporation of nanomaterials and related processes can lead to heightened efficiencies through larger surface areas, band gap modifications, catalytic activity and possibilities of functionalization of nanostructures etc. 

2. The activities described above are all at significant levels of development with PhD manpower involved along with PhD and MPhil students. There is evidence of important linkages and collaborative efforts between various institutions e.g. between COMSATS and QAU (physics); PIEAS with NCP; LUMS with NIBGE & various departments of QAU with NCP etc. Additionally students from various institutions are working on energy related projects with NCP faculty. 

E. General Recommendations:
1. Most of the activities mentioned above can be categorized in terms of development of materials with suitable properties and then their incorporation into a device and measurement of its characteristics. Generally this requires a collaborative effort between chemists and physicists. 
2.  There are often small groups working at each institution on each of the themes. Often these groups are composed entirely of chemists or physicists or materials scientists respectively. For meaningful conversion of academic research into products or processes it is important to encourage collaborative work between various groups, inter or intra-institutional, to cover the different aspects of the work. 
3. Each of the activities listed above has the potential to contribute to the energy needs in one way or the other, whether by harnessing the solar energy into electrical or chemical forms or through more efficient conversion or more compact storage and delivery. As such all these activities need to be encouraged and continued. 
4. In terms of priorities and potential, photo-voltaics appears to be a prime area where the ongoing activity also is quite significant. Related areas such as catalytic electrolysis for H production are also gaining momentum. Work on fuel cells from the point e.g. of development of suitable membrane materials or anode materials, work on Li-ion batteries etc needs to be encouraged as being low cost research with good potential. However after the development of materials and their characterization the conversion into devices is often a process that is inhibitive for many groups. Some type of centralized facility is desirable where the materials can be converted into devices.  

F. Long Term Recommendations:
1. It is recommended that there should be a target oriented approach by the government to support and extract benefit from the nanoscience activity in the field of energy requirements. Specific goals should be set, timelines decided, and resources be provided for the said purpose. 
2. Consortiums should be developed between universities and research institutions to facilitate the acquiring of goals set in item 1 above. 
3. Coordination between the scientists, industrialists and the government and the monitoring of projects should be carried out on a continuous basis through a mechanism such as a Standing Committee.

G. Immediate Recommendation:
To identify suitable and promising projects for funding, the government should organize a technical meeting where different research groups should make presentations on the feasibility etc of their process. The different groups with overlapping interests should be combined into consortia along the lines described above. Adequate funding and resources should be provided for the purpose. These proposals should be shared with the Planning Commission and incorporated in the scheme for the latest Vision plan (2025) of the Government of Pakistan.

Biomedical Sciences - A Prioritized Area of NSNT
Compiled by Irshad Hussain (LUMS)
Nanomaterials have unique chemical and physical properties due to their nanoscale features that are much different, and usually superior, to their building blocks i.e., atoms and molecules, and their bulk counterparts. In addition to many other applications, the unique properties of nanomaterials are also being exploited for various biomedical applications including diagnostics, disease treatment, drug/gene delivery and the development of prostheses and implants.

Bioanalytical Applications – Disease Diagnostics
The optical (Surface Plasmon resonance, light scattering and fluorescence) and electrical properties of nanomaterials are being exploited to develop ultrasensitive analytical assays for the detection of biomolecules such as DNA and proteins, and even pathogenic microorganisms such as bacteria and viruses. For example, gold, silver and copper nanoparticles have different colors depending on their size, shape, surface chemistry and the media in which they are dispersed. The color of these nanoparticles originates from the collective oscillation of electrons at their surface commonly known as Surface Plasmon Resonance (SPR) band which in case of gold, silver and copper is in the visible region. The dependence of SPR on the size, shape and surface chemistry of metal nanoparticles coated with appropriate recognition elements, for example DNA and proteins, has led to the development of various ultrasensitive assays for the detection of various analytes that have specific interaction with the nanoparticles bound ligands. Prof. Chad A. Mirkin at Northwestern University, USA, Prof. Paul Alivisatos at University of California, Berkley, and Prof. Mathias Brust at the University of  Liverpool, UK, are among the pioneers to develop and exploit nanoparticles based sensitive assays for the detection of various such analytes. Prof. Mirkin’s group has even demonstrated the applications of DNA functionalized gold nanoparticles (GNPs) for the detection of single base pair mismatch and even slight mutations in DNA using this approach. GNPs are particularly suitable for such applications because of their easier synthesis with a better control of their size, shape and surface chemistry, interesting size and shape-controlled optical properties, stability and non-toxic nature. Silver and copper nanoparticles, though cheaper, are less explored for diagnostic applications especially due to their instability, little change in their optical response with a change in their size and shape, difficulty in controlling their surface chemistry and more concerns about their toxicity compared to gold. But silver and copper nanoparticles, in addition to zinc oxide and other metal oxide nanoparticles, are being explored and even used to develop antimicrobial products though still with a caution because of their potential toxicity to the non-targeted living systems by the leaching of toxic metal ions and obviously more work is needed to minimize their risks aspects and enhance their activity. 

SPR based optical properties of metal nanoparticles are usually important when their size is between ~ 3 – 30 nm but as their size increases, light scattering properties become increasingly significant. Therefore, gold and silver nanoparticles in the size regime ca. 30 – 100 nm scatter light of various wavelengths depending on their size and shape when they are illuminated with white light. Thus, using a simple dark-field microscope, it is possible even to track the movement of such materials in living systems enabling their potential to be used as multilable probes to understand various biological pathways. Similarly quantum dots (QDs), semiconducting nanoparticles or nanoclusters whose excitons are confined in all 03 spatial dimensions and thus exhibit quantum mechanical properties, are interesting candidates for bio-imaging and bio-sensing due to their size and shape dependent fluorescent properties. In addition to their high quantum yield and tunable emission wavelength, an interesting feature of these fluorescent nanoprobes is their non-photobleachable property, in contrast to the organic fluorophores, that makes them attractive candidates for various fluorescence based bio-imaging and bio-sensing assays. Most of these QDs, however, are comprised of Cadmium or other toxic metals that restrict their applications in living systems. Nanoclusters of less toxic metals that consist of only few or tens of atoms, such as gold and silver, are now attracting more attention for bio-imaging and bio-sensing applications due to their interesting fluorescent properties but there are still issues with their low quantum yield, broad emission and less controlled emission wavelength that need to be addressed.

In addition to the above-mentioned optical properties, covalently bound cationic ligands at the nanoparticles surface are being exploited to develop chemicals nose based soluble sensors for the detection of various proteins, diseased cells and possibly viruses. These cationic nanoparticles have strong affinity for negatively charged fluorescent proteins/polymers due to electrostatic interaction resulting in the quenching of their fluorescence due to Fluorescence Resonance Energy Transfer (FRET). The quantitative recovery of the fluorescence of electrostatically bound proteins/polymers due to the competitive binding of the analytes offers a simple way of detecting diseased proteins, cancer cells and bacteria but more work needs to be done in this area to make such assays even more sensitive and specific.

Magnetic iron oxide nanoparticles (MIONs) have interesting applications in Magnetic Resonance Imaging (MRI) and contrast agents and have been used for the passive tracking of biological systems to detect various diseases. In addition to developing highly soluble and stable MIONs with controlled surface chemistry, morphology and improved magnetic properties, there is recently more trend to develop composites of MIONs with other nanomaterials/complexes such as fluorescent nanoparticles/nanoclusters and gadolinium complexes etc. to develop more sensitive nanoprobes with enhanced imaging/sensing capabilities. Biocompatible and soluble microporous materials that can house a variety of nanomaterials with multimodal imaging/sensing capabilities could be useful for such applications and may be worth exploring.

Apart from semiconducting, metal and metal oxide nanoparticles/nanoclusters, various other nanomaterials especially carbon nanotubes (CNTs) are also being explored for their potential biosensing applications. The electrical properties of CNTs can easily be tuned by the arrangement and orientation of carbon atoms and can also be functionalized with a number of recognition elements using conventional surface chemistry concepts. The appropriately functionalized semiconducting CNTs can then be used for the sensitive detection of various analytes including diseased proteins, tumor cells and pathogenic bacteria by monitoring the change in their electrical properties when the anlaytes bind to the recognition elements covalently bound to the CNTs. In addition to all these fascinating applications of nanomaterials in disease diagnostics, nanodevices such as lab-on-chip type smart devices that integrate several miniaturized functions, such as the separation and analysis of the components of a sample mixture, on a microscale chip using extremely small fluid volumes of the order of nanoliters to picoliters, are getting increasingly popular and making their presence in the market. The fabrication of such smart nanodevices is, however, a challenge in developing countries like Pakistan due to almost non-existent effective lithographic set-up and clean rooms in our universities and R & D institutions. A few groups working in this field, especially those at CIIT, GIKI, PINSTECH, LUMS, University of Peshawar and Punjab University need to be supported to get benefit of this emerging technology.

Disease Treatment - Drug/Gene Delivery and Phototherapy

Targeted delivery of drugs and their controlled release is becoming increasingly popular to reduce their side-effects, because of their undesired action on the healthy cells, to improve their bioavailability by preventing their premature degradation, and to enhance their cellular uptake. The efﬁciency of chemotherapeutic drugs depends on the extent to which they can stop the growth of tumor cells and finally eradicate them without affecting the healthy cells. The selective targeting of anticancer drugs to the tumor cells is thus absolutely necessary for successful chemotherapy with reduced side effects. Although thousands of the research articles are published on the development and evaluation of drug delivery systems (DDSs), their clinical practice still remains an elusive goal. Although the number of available DDSs has approached a moderate size and includes drugs that can target the cytoskeleton, intracellular signaling process, DNA, the cell cycle and even more, most of the drugs still cannot easily differentiate between the normal and the diseased cells and, consequently, millions of patients are dying even after getting the best available medication. Moreover, during chemotherapy, patients often suffer from an increasing range of side effects ranging from infertility and memory loss to heart attack.

Nanoscale materials are now taking up the challenge and over 10 drug delivery based products are available in the market to treat diverse diseases including cancer, fungal infection and muscular infection. Most of these drug delivery systems (DDSs) make use of biodegradable materials including surfactant assemblies in the form of micelles or liposomes, poly (lactide-co-glycolide) commonly known as PLGA, polymer-drug conjugates and proteins etc. Several other biodegradable materials in the form of hydrogels, nanofibers, nanoparticles and nanocapsules are being evaluated for the same purpose to further improve drugs bioavailability, efficacy, cellular uptake and in particular targeted and controlled release of the actives. Carbon nanomaterials, especially carbon nanotubes and fullerenes, gold nanoparticles/nanorods/nanoshells, and magnetic iron oxide nanoparticles are among the favorite candidates for this purpose these days. These inorganic nanomaterials can easily be functionalized with the hydrophilic polymers, such as polyethylene glycol (PEG), to help them escape the immune system, ligands that can guide them to their desired targets, cell penetrating peptides, and the drugs to be delivered. The targeted drug delivery potential of these inorganic nanoscale nanomaterials is though quite established but studies are now ongoing to determine their fate and any associated risks before they are used to prepare marketable DDSs. In addition to developing delivery systems for conventional drugs, serious efforts are underway to develop nanomaterials, including GNPs, for the delivery of siRNA for gene silencing. Easier degradation of siRNA is a major challenge for its efficient delivery and recently it has been observed that GNPs could be very useful candidates for this purpose because the degradability of siRNA is significantly reduced once it is bound to their surface. A significant work has yet to be done to determine the efficiency and fate of all these inorganic nanoscale materials based DDSs before they make their appearance in the market for clinical practice. 

In addition to the drug/gene delivery, nanomaterials are also being evaluated for their applications in phototherapy. In this case, non-toxic nanomaterials, especially gold nanoshells, nanorods and even nanoparticles that absorb in NIR region are injected in the infected region, especially skin cancer. Illumination of nanomaterials loaded area with NIR radiations increases the localized temperature due to the absorption of radiations by the injected nanomaterials and infected cancer cells are burned/eradicated with almost no side effects because living tissue is fairly safe to NIR exposure. There is, however, a need to develop more biocompatible and economical nanomaterials that absorb heavily in the NIR region to make this technology even more effective.

Tissue Engineering - Prosthesis and Implants

Tissue engineering is a rapidly growing area to develop biocompatible materials to repair or replace damaged living tissues or organs. These biocompatible materials help the living system to produce a scaffold that mimics its own native tissue. Several biocompatible nanostructured materials such as porous bioscaffolds and nanofibers are already in use for this purpose and some being widely searched to develop even more effective biocompatible materials for bone and tissue engineering. Classical tissue engineering technology involves the isolation of specific cells through biopsy from a patient, which are grown on bioscaffolds under controlled conditions and then delivered the construct to the desired site in the patient’s body. The challenge, however, is to develop biocompatible materials that mimic natural environment to which cells can adapt and stick easily and thus grow happily. Nanoscale materials have an advantage over macroscale materials due to the compatibility of their features to those of the natural living tissue and the associated extracellular matrices. The surfaces of various nanoscale materials can also be easily modified with biomolecules such as proteins and peptides that facilitate the interaction and growth of the cells by mimicking the natural environment. There is a need to make use of both the top-down and bottom up approaches to develop such nanoscale materials that can effectively be used for bone and cartilage tissue engineering, nanofibers to help fast recovery of the damaged vascular and neural cells and even to produce more biocompatible and log-life stents, liver tissue engineering materials and surgical instruments/accessories. Various techniques including coating of more biocompatible nanoparticles, electro-spinning to produce nanofibers, and freeze drying can be adopted and further improved for this purpose. The assembly of nanoscale materials to build macroscale materials with desired mechanical strength and biocompatibility that can effectively be used for tissue engineering applications are, however, among the serious challenges that need to be addressed. A few research groups at IRCBM, NUST, PCSIR, LUMS and NIBGE are focusing on developing such materials and need to be supported and encouraged to collaborate with each other more effectively.

Pakistan Scenario

In Pakistan, there are scattered groups working on the synthesis and applications of nanomaterials in biotechnology and/or biomedical sciences. The most prominent groups include those at NIBGE, CIIT, LUMS, ICCBS, QAU, NUST, IRCBM, PCSIR, PINSTECH, University of Peshawar, PINSAT and a few medical hospitals. Most of these groups are working on the synthesis of nanoparticles (metal, metal oxides, transition metal doped glasses, nanoparticles based drug carriers, hydroxyapatite and biopolymers etc.) that have potential applications in biomedical sciences but their real applications are far from reality yet. This is partly because of a lack of sufficient number of trained manpower in different disciplines that can work together on focused areas and the lack of facilities to fully characterize nanomaterials and explore their applications. Nanotechnology is entirely a multidisciplinary area in which physicists, chemists, biologists, engineers and medical professionals can equally contribute. In Pakistan, physicists, chemists and engineers are comparatively more active in nanotech research and they are trying to work on biomedical applications too, mostly in collaboration with international research groups, with little support from local biologists and clinicians. I think one of the reasons for this dilemma is that our biologists and clinicians are not much exposed to the physical and engineering sciences due to deficiencies in our curricula, especially it being different from 11th grade onwards for medical and non-medical streams. In addition to developing/upgrading research facilities for nanomaterials characterization, we need to develop nuclei of scientists, engineers and clinicians to work together on focused applications of nanomaterials and for this purpose exposure and training of manpower in various disciplines especially of biologists and clinicians in nanoscience and nanotechnology is extremely important. However, while supporting research for biomedical applications of nanomaterials, we should not forget about the potential risks associated with these materials and, therefore, there should be a parallel study to understand and examine the potential risks associated with any of such nanomaterials. 

Recommendations

· Training of manpower to explore biomedical applications of nanomaterials

· Setting-up research facilities equipped with tools for the characterization of nanomaterials and their interaction with biological systems.

· Create more awareness, especially among the biologists and clinicians, and encourage them to work on nanomaterials applications in biological/medical sciences in collaboration with the scientists and engineers actively involved in this research.

· Create focused groups to jointly work on biomedical applications by giving them incentives subject to the real progress.

· Provide funds for the sustainability and upgrading of research groups already working in this field and encourage them to look into the applied aspects of the nanomaterials.

· Introduce uniform curriculum for medical and non-medical streams at least up to 12th grade. All the science/engineering students must study Biology, Chemistry, Math, Physics and possibly computer science till 12th grade.

· Employ more qualified and trained technicians/engineers to operate and maintain high-tech equipment and offer them better incentives to ensure their retention. The operation and maintenance of all the high-tech characterization facilities in different institutions may be centralized and an on-line booking system for the users may be introduced. A cell/division may be created at MoST or HEC to ensure the supply of funds for the maintenance, hiring/retention of trained technicians/engineers and smooth functioning of all such high-tech equipment especially those procured by their support.

3.
Industrial and Engineering Nanomaterials – A Prioritized Area of    NSNT

Compiled by Fazal Khalid (GIKI)

Introduction

Recent development in the field of nanotechnology and nanomaterials has led to fabrication and production of smart, intelligent nanomaterials nanostructures, devices and components for variety of applications in defense, electronic, engineering, transport, energy, sports and other industries. The demand for high performance and high strength materials and nanomaterials is continuously increasing in order to meet strict specifications and performance of components and devices so that they can withstand high temperature and severe environmental conditions. These materials are employed for the production of components and devices ranging from microchips to robots, fibre optics to turbine blades and bridges to space structures. In order to learn, use and benefit fully from the modern technologies it is important that the Government of Pakistan should have a long term strategy and R&D program and initiative in nanotechnology and development of nanomaterials and devices. 

Progress on Nanotechnology Research in Pakistan

In Pakistan, over 25 institutions and R&D organizations have undertaken research projects and activities in different fields of nanotechnology considering the future potential of nanomaterials for industrial applications. A substantial increase in international research publications in this field has been noted in the last 10 years. Major institutions and organizations that are involved in research and education include GIKI, NUST, QAU, NCP, PIEAS, LUMS, PINSTECH, COMSATS, PCSIR, PINSAT and other organizations. Attempts have been made to launch new undergraduate and graduate programs in Nanoscience and nanotechnology and establish basic research facilities for fabrication and characterization of nanomaterials. It is envisaged that this Nanotech Foresight report will be helpful in identifying the research areas, strengthen and upgrade existing lab facilities and plan to develop new National Centers for Nanotechnology. 

Long-Term Plans

The important areas are identified for production and synthesis of nanomaterials, design, fabrication and characterization for research and development and application in order to strengthen and upgrade the existing facilities. This will also cater for requirement for development of high-tech (value addition) products and components in the country. This would enable us to plan for the up-gradation of nanotech facilities for R & D and commercialization of industrial products in 10-15 years and result in import substitutions. Major areas of research in this field are presented below:

Nanomaterials – zero, one, two and three dimensional materials, synthesis and characterization of nanowires, nanorods, carbon nanotubes, graphene structures and devices

Optoelectronics (sensors and Communication)

Magnetic Nanomaterials

Manufacturing and Nanofabrication of devices (Sensors and Environment) 

Carbon Nanostructures (e.g. CNTs and Fullerenes etc. for Nanoelectronics, Sensing, Energy (production and storage)

Defense related Materials and Nanomaterials / National Security 

Biomaterials (e.g. Bio-Nano-sensors)

Thin Surfaces and Soft Materials

Healthcare (Pharmaceuticals e.g. Target Drugs and delivery devices) 

Nanotechnology has also led to development and production of nanostructured materials for high value products and devices that can have major impact on the national economy. Focus should be given to strengthen research in the following areas of nanomaterials and nanotechnology:

Nanocomposite Materials 

The development of composite materials has been a subject of intensive interest for many years. The concept of using two or more elemental materials combined to form the constituent phases and nano-phases (i.e. CNTs, nanoparticles) of a nanocomposite solid has been employed recently with development in the field of nanotechnology. Composite nanomaterials possess unlimited scope of applications i.e. electronics, aerospace, sports, defence, automobile, structural materials and biological applications. R & D work in the following areas of composite nanomaterials is essential for the development of new products and structures. This would help in new product development, value addition, technology transfer and import substitution for engineering, manufacturing electronic and sports industry in Pakistan. 

Metal Matrix Nanocomposites

Metal matrix composite nanomaterials are used in a range of high performance automotive, engineering, electronic and other components. More recent applications are in the computers and other appliances owing to their better thermal conductivity as compared with other conventional materials. Some basic facilities exist for production by melting and casting of alloys and powder metallurgy in different organizations which should be strengthened for R&D work and product development for automotive and other engineering applications. 

Ceramic Matrix Nanocomposites

Ceramic matrix composite nanomaterials are now used for high performance and high precision machining of components and production of indexable inserts and tools. Hard coatings for tribological applications are other areas in which R & D capabilities can lead to the production of value added high tech products. At present millions of rupees are spent for import of these components and tools for machining of parts and components in automotive and other engineering industries. The existing facilities should be upgraded and extended to develop nanomaterials and nanoceramic materials for engineering and electrical components. 
Polymeric Matrix Nanocomposites

Glass fibre-reinforced polymeric composite nanomaterials are presently competing with both sheet steel and zinc die-castings. The use of low cost composites in the automotive industry has already reached impressive performance. Nanocomposites with use of CNTs and other nanoparticles have shown better properties and performance. The utilization of carbon fibre reinforced plastics and composites for sports has a wide range of applications like hockey, tennis and squash rackets, bicycles and structural members of cars and other vehicles. High strength and stiffness, light weight with improved fatigue resistance, corrosion resistance, good friction and wear combine to make carbon fibre and CNT reinforced composites an attractive substitute for various metals, special alloys and wood. Therefore it is important to enhance our focus on the development of carbon fibres and CNTs reinforced nanocomposites for sports items along with other composites for wide variety of applications in Pakistan. 

Nanomaterials for Microelectronic Machines and Nano-devices

Materials research and development for production of microelectronic machines (MEMS) and nanofabrication of devices should be considered in long term objectives for the industrial progress. Lithographic and related facilities should be established for R & D and production of such devices to meet the challenges for high performance molecular (miniaturized) computers and other electronic applications. 

Magnetic Nanomaterials and Memory Devices

The facilities available in the country should be strengthened for R&D and production of different types of magnetic materials specifically soft, permanent magnets, composite magnets, metallic glass, and magnetic tape for audio/video and memory applications. Permanent magnets such as Alnico, Nd2Fe12B and C5Sm can be developed for production of value-added products in the country. 

Bio- Nanomaterials

In Pakistan basic facilities are available for various kinds of orthopaedic implants. However, lack of R & D facilities and value addition has limited expansion and growth in this sector. R & D work and application of nanotechnology can bring better quality of products produced in the country to compete at national and international markets. The implants and prostheses can be modified by plasma sprayed and CVD micro- and nano-coating for better properties and biocompatibility. 

High performance Materials and Nanocoatings

The demand of advanced and superalloys, Ti based alloys and other high-tech materials and nanomaterials and their processing technology for engineering, automotive, aviation, electronic and magnetic components and devices has increased with unique combination of properties for high temperature applications. The development of nanoalloys, surface engineering and thermal barrier coating facilities will help to produce components to meet the engineering, automotive and aerospace applications. 
Corrosion Resistant Nanocrystalline Coatings and Protection Techniques

The factors related to quality, integrity and life of the components and products produced at high cost are ensured in case of severe environmental conditions. For example the integrity of components can be improved by nanocoatings and protection for use in naval ships, automotive vehicles, chemical, petrochemical, thermal, electronic and electrical, thermal and nuclear power plants as well as pipelines, bridges and structures. This can be achieved during processing and surface engineering of components and application of nanocoatings, paints and other protection methods including cathodic protection and use of inhibitors. There is a need to respond to the growing demand of oil and gas sector to apply nanotechnology for better properties and performance of pipelines and other machinery parts used in refineries and chemical plants. 

Nano Porous Anodic Alumina (PAA) for Devices

Porous anodic alumina with ordered porosity and controlled interpore distance developed may find diverse applications as template for the development of high aspect ratio ordered nanostructures as well as in optical devices. Through thickness porous anodic alumina with interesting photoluminescence properties may be useful for optical applications in addition to their potential use as template to prepare a variety of one dimensional materials.
Nanomaterials for Construction 

Nanotechnology applications for synthesis and development of concrete and other constructional materials can be beneficial for design and strength of structures used in buildings and dams. 
Nanomaterials for Energy

Major applications of nanotechnology in this area include dye sensitized solar cells (DSSC), fuel cells, batteries and engineering components used in thermal and nuclear power plants. Plans should be made to focus on research in these areas for indigenous technology and to meet the challenges of energy shortage in the country. 

Recommendations

· Scholarships for education and training of engineers and scientists in the field of Nanoscience, nanotechnology and advanced materials

· Set-up National Centers of Nanoscience & Nanotechnology for R & D and to support industry for product development and commercialization 

· Strengthen and establish new labs for Nanocharacterization in the HEC top ranking institutions, other productive public and private universities and R & D institutions 

· Establish new nanomaterials characterization facilities including HR-TEM, FEG-SEM, FIB-SEM, XPS for international linkages program and exchange visits of professors and experts working in the field of Nanoscience & Nanotechnology 

4.
Nanofabrication and Devices – A Prioritized Area of NSNT
Compiled by Arshad S. Bhatti (CIIT)

The ability or capability to design a discrete device or integrated devices at the micron or sub-micron scale for application purposes reflects the technological advancement of the country. All developed countries of the World achieved this capability in a very early era of technological advancement and those countries excelled the race of micro and nanotechnologies in the later half of last century and first decade and a half of the 21st century.  Unfortunately, Pakistan missed the bus of Microtechnology revolution, which took place in 70’s and thus has no infrastructure or foundation of device fabrication capabilities, both in academics, research organizations and in industry. The report is aimed to present the status of research and development in the country in this key area of nanoscience & nanotechnology. The report will highlight the basic requirements needed in the laboratories and review the status of existing laboratories working in this key area. Finally, the report will summarize the recommendations to establish this area.
Background:

There are two major approaches to make functional materials or devices at the micro or nanoscale. The first one is top – down approach, in which a bulk material is trimmed or patterned in such a way that a functional device can be fabricated. This technique is process intensive and requires expensive facilities similar to electronic device fabrication technology as shown in Figure 1.

	[image: image4.emf]0 50 100 150 200 250 300 350 400 450 500

0.1

1

10

100

1000

Surface Area (m

2

/g)

Diameter / Thickness (nm)

 Equi-axed

 One-dimensioanal

Two-dimensional

For assumed density 

of 7 g/cm3


	


Figure 1: (a) Block diagram showing the major requirements/infrastructure requirements for device fabrication facilities. (b) Representation of the process cycle for device fabrication.

On the other hand, the second approach is bottom – up and is inspired from the nature.  The functional material can be synthesized by combining atoms, molecules or building blocks of matter, chemically, biologically or physically. Nanomaterials can be synthesized or fabricated in these two ways but bringing a proper or intended functionality is one of the major tasks. The nanomaterials synthesized using chemical or biological routes are passive and need further processing to interact with the outside world for functionalization, for example, developing sensors of all kinds, chemical or biological, devices for light detection or generation, etc. This requires combining bottom – up approach with the top – down.

Basic requirements for functional device fabrication:

Major areas in the device fabrication are:
· Micro and Nanoelectronics

· Photonics

· MEMS and NEMS (sensors and actuators)

· Microfluidics

· Energy conversion and storage devices


The basic requirements for device fabrication are given in the following:
i. Clean rooms of various categories (10,000, 1000, 100, etc.) 

ii. Patterning using lithography set up (optical, electron beam, spin coater)

iii. Growth: epitaxial and thin film growth (MBE, MOCVD, LPE, Sputtering, E-beam evaporation)

iv. Etching: wet and dry (wet benches and reactive ion etching)

v. Wire bonding and packaging

vi. Characterization (Optical, electrical, microfluidic, thermal, etc.)

Status in Pakistan:


There is hardly a single laboratory in any academic university equipped with all facilities for device designing and fabrication. The main reason for this paucity of labs is the proper trained manpower or human resource. Not a single University has a complete degree program with research in Microelectronics or Microtechnology due to incomplete facilities for Microtechnology. In Annexure I, status of various universities with their capabilities is given. The importance of having device fabrication capability is highlighted with the fact that a lot of work is being done in bottom-up approach, where nanomaterials or nanoparticles are being grown using wet chemistry or sol-gel technique. These nanomaterials are being characterized for number of applications but cannot be used in any application due to lack of facilities to integrate the nanomaterials with device fabricated for particular application.  Figure 2 highlights the importance of having the device fabrication capability, particularly when there is a lot of work going on in the bottom-up approach.
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Figure 2:  Trend of two approaches for fabrication and synthesis of nanomaterials/devices.  The two approaches have already met and useful devices in nanoscale are being fabricated with a combination of two techniques as highlighted by a circle on the right side.

Problems:

The fundamental problem in Pakistan is the lack of facilities to transform the output of nanomaterials research into purposeful applications through integrating the devices.  There is even acute shortage of trained human resource in this key area. Most of trained persons in this area get very attractive offers from industries of developed countries so they don’t come back. Device fabrication also needs a lot of trained human resource in process engineering and this is not available in Pakistan as well.  This is simply because we do not have laboratories to develop procedures for device fabrication. Once we have sufficient clean room facilities, we can develop appropriate human resource in this area.

Opportunities and future prospects:

With nanoscience and nanotechnology strongly becoming interdisciplinary research and development, applications of devices at the micro and nano scale are receiving huge attention in some of the following areas, which are of immense importance for Pakistan:- 

· Personal health care 

· Energy production and storage devices

· Environmental cleaning (air and water pollution)

· Sensors, transducers and sensor networks

· Electronic and optoelectronic devices

The time is right to invest in nanoscience and nanotechnologies in general and device fabrication in particular. This is mainly because, ambient conditions in Pakistan vary compared to Western Europe or USA and products developed in the West may not be as efficient in Pakistan. Since the technology is still emerging, it is very appropriate to invest at this time of juncture.

Recommendations:

· Training of human resource in device design and fabrication (MEMS, NEMS, Micro and nanoelectronics, optoelectronics).  Train the human resource in above mentioned defined areas.
· At least have three laboratories within institutions with full capabilities to integrate nanomaterials into useful devices (making them functional) and testing those.  These labs to give support to all existing laboratories and research groups in nanomaterials.
· The labs be given task to prepare human resource on war footings.
· Bringing foreign industry to Pakistan to work with suggested or selected labs.

5.
Human Resource Development - A Prioritized Area of NSNT

Compiled by N.M Butt (PINSAT)

Introduction

Over the past few years the field of nanotechnology has assumed a great industrial and socio-economic importance. Nanotechnology is highly multidisciplinary and deals with the study, control and use of nanoscale materials and their structure. Whether it is an area of science or of engineering based industry, it is being applied in all types of industries, may it be food and agriculture, auto industry, space industry, energy, healthcare and medicine, textiles, sports and surgical, defense or oil and gas, environment and whatever. Therefore nanotechnology is going to play a very important role in the socio-economic development of both the advanced and developing countries for the foreseeable future proposed to be 40-50 years by most of the experts. In Pakistan particularly the export oriented Industries   like sports goods, surgical and leather Industries of Sialkot   and textile Industries of Faisalabad are of interest with regard to foreign exchange earnings. The industries across the world are applying this technology to enhance the performance of the existing products and their devices and adding value to them. In addition mind boggling new discoveries are also coming up. All this fast development in industrial products applying nanotechnology foretells a great potential for economic shakeup at the global level. The experts are therefore regarding nanotechnology as another Industrial Revolution. 
Why Nano Education?
It is therefore imperative that emphasis be placed on producing a properly qualified and trained manpower that can cater to the needs of the industry and the society in a professional way in order to draw maximum possible benefits from their qualifications and training. Realizing this importance of nanotechnology, some Universities in the advanced countries have revised their science curricula to introduce nanotechnology as one of the subjects at the undergraduate and graduate level. Some universities at global level have started to offer full-fledged undergraduate degrees in nanotechnology.
Further, some countries have already revised the science curricula at the school level and introduced nanotechnology teaching in their schools at K-12 .The NSF in USA has special program “Nano Professor” working for the introduction of nanotechnology at the school level. China has already written books on nanotechnology for their 9th class of school level. 

Types of Nano Education

Nano education deals with Informal Nano education–(awareness lectures, exhibitions, museums, media programs etc.), with Formal Nano education (degrees, diplomas etc) and with Industry Nano education (trainings and special short courses for technicians, technical persons, factory workers etc.). It also deals with nano-relevant organizations like social organizations, NGOs, patent offices, IPRs, legal offices etc. 

The formal programs mostly have the time scale for the various degrees after intermediate level, like associate’s degree (2 years), bachelor’s degree (4 years), master’s degree (6 years), and doctorate (8 years).
Global Level
A recent survey in 2014  from the internet available data, shows the nanotechnology  BS, MS and Ph.D. degree programs  in some 38 countries  across the world (see table 1) with about 100 programs in BS, about 155 programs in MS and about 76 programs in Ph.D. Also there is a fast trend of increasing BS nano degree programs across the world with estimates of BS programs of 35 in 2010, 72 in 2011, 84 in 2012 and about 100 in 2014. (See graph 1). This is because with time, the job requirement in industrially advanced countries is also increasing and the developing countries have to follow suit, earlier the better, to reduce the dependence and the import of essential products, specially nanomedicine, health care and defence related products which our society and country needs for economic and security survival. Unnecessary delay may jeopardize such essential needs of society.
 In Pakistan it is therefore important to review the existing curricula of science education not only at the university level but even at the school level so as to introduce aspects of nanotechnology to meet the above mentioned requirements. Further, since this is a global issue, special effort is required to mutually share and benefit from the experiences of various countries.

The estimate published for job opportunities in nanotechnology, the US National Science Foundation indicates over 2 million jobs by 2015 with about 1 million jobs in US alone. Some estimates of other and consultant company give estimates of about 3 million jobs by 2020 [Ref: http://www.nnin.org/nnin_careers.html]. These job opportunities exist in areas of electronics/semiconductor industry, materials science including textiles, polymers, packaging, auto and aerospace industries, sports equipment, pharmaceuticals including drug delivery, cosmetics, biotechnology, medical fields, optoelectronics, environmental monitoring and control, food science including quality control and packaging, university  lab research/R&D  in  government and private research institutes, national security, military, agriculture, academic & teaching, forensic science  and  many other new industries emerging as a result of advances in nanotechnology. It is emphasized that the need for nano technologists will not only be confined to the industrial  and R & D sector but will also  be needed in areas such as intellectual property rights/patent offices, legal offices, public awareness NGO’s  and with  regulatory organizations, etc.
Nano education in Pakistan:    

With the formation of National Commission on Nano Science and Technology (NCNST) by the Ministry of Science and Technology (MoST) in October 2003 during the minister ship of professor Atta ur Rahman, informal education was initiated by giving lectures at various universities and  articles  in newspapers, television interviews and by arranging conferences on nanotechnology. Funding to the tune of about Rs. 900 million, was made by the government to some 5 laboratories in Pakistan after careful assessment on merit by a committee of eminent scientists of Pakistan. This created interest in organizing conferences in nanotechnology and in addition to formal presentation of research some review lectures at these conferences made awareness about nanotechnology in Pakistan.
At undergraduate level the initiative has been taken for a B.S.(4 year) degree program in nanoscience and nanotechnology by the well-known private university, the Preston University in Islamabad by establishing the Preston Institute of Nano Science and Technology(PINSAT) in Islamabad in September 2009. The establishment of PINSAT, Preston University in Islamabad is the first initiative of its kind in Pakistan.
List of universities offering degrees in Nano-technology in Pakistan:
· PINSAT- Preston University, Islamabad (BS Nanoscience and nanotechnology)
· International Islamic University-Islamabad (BS in Nano Physics)
· GIK Institute of Engineering Sciences and Technology 
BS in Materials Engineering (Nanotechnology) started in 2012
MS in Materials Engineering and Nanotechnology started in 2007
· CIIT-Islamabad (MS in Nanotechnology) 
· CSSP, Lahore (MS/Ph.D in Nanotechnology) 
· NUST (MS  in Nanotechnology) 
· UET (Introductory short courses)
· LUMS (MS/Ph.D in Physics & Chemistry with specialization in Nanoscience & Nanotechnology)

· PIEAS – MS & PhD Materials Engineering (Nanotechnology)

· Further because of the availability of research facilities for MS and Ph.D level research   in organizations like PINSTECH, NILOP and KRL are also producing manpower at MS and Ph.D level nanotechnology. 

· Thesis on nanotechnology themes in Quaid-i-Azam University, Chemistry Department (for the degree of PhD in Chemistry and M.Phil in physical, organic and inorganic/analytical are also being awarded)

More than 20 PhD graduates have been produced at National Centre for Nanotechnology, PIEAS, in the area of Nanomaterials and are serving in various universities and strategic organizations. A large number of PhDs have also been produced at Quaid-i-Azam University, Punjab University, CIIT, NUST, GIKI, NIBGE and other universities. HEC’s program of overseas PhD studies has also benefitted the nanotechnology area. A recent survey done by MoST shows about 22 laboratories in Pakistan where PhD manpower trained in nanotechnology is available and they have research programs in various areas of nanotechnology. The newly qualified PhD scholars sent by HEC are adding to such nanotech laboratories, the front line research for PhD across the world being dominated by nanotechnology. Some of these laboratories have reasonably good nanomaterials synthesis and characterization facilities.

Future of Nanotechnology

Nanotechnology will promote the unification of most branches of science, engineering, and technology, based on unity of nature at the nanoscale and social sciences. Integrated curricula may come up in near future for degrees in developing countries. Moreover, already the first book consisting of some 756 pages on Pico-Technology has also been published in Sep. 2013 by Prof. Klaus Sattler of University of Hawaii, USA, speculating a 50 year period for applications of Pico-technology for industrial projects. Should we be aware of such a future?

Future Suggestions
1. Introduction of Nano-Curricula :(i) Schools (K-12) (ii) Colleges (iii) Universities for BS, MS and PhD degrees in nanotechnology and nanotechnology major courses with basic science degrees.

2.
Industry-University essential and effective nteraction. 
3.
Propagation of nano education and awareness and its propagation by nano exhibitions and nano museums through PSF as is being done in USA, China, Taiwan, Germany and Iran etc.
4.
Support to Public-Private Partnership in Nanoeducation (e.g. PINSAT, N.G.Os).
5.
Recommendation for the recognition of nanotechnology degrees and diplomas for job advertisements by the following organisations: 
(i)
Federal and Provincial Public Service Commissions
(ii)
Higher Education Commission (HEC)
(iii)
Federal and Provincial Directorates of Education

6.
Start new programs, create national and overseas post-doctoral fellowships and chairs in universities to enhance the level of R&D activity in Nanoscience & Technology. 

7.
Emphasis on Knowledge based economy through extensive nano education.

.

Table 1.
Country wise Breakdown of Nano Degree Program-2014
	Country
	BS
	MS
	PhD
	Country
	BS
	MS
	PhD
	Country
	BS
	MS
	PhD

	Australia
	12
	5
	2
	Ireland
	2
	
	
	Spain
	1
	3
	

	Belgium
	
	02
	
	Israel
	
	4
	3
	Sweden
	2
	4
	

	Brazil
	3
	4
	3
	Italy
	
	1
	
	Switzerland
	1
	2
	2

	Canada
	9
	1
	1
	Korea
	8
	6
	2
	Taiwan
	
	2
	1

	Czech Republic
	1
	1
	
	Malaysia
	2
	1
	1
	Thailand
	1
	3
	2

	Denmark
	5
	5
	5
	Mexico
	9
	7
	6
	Turkey
	1
	7
	6

	Egypt
	
	2
	
	Netherlands
	
	5
	3
	UK
	4
	15
	7

	France
	
	10
	9
	New Zealand
	2
	1
	
	US
	14
	10
	9

	Pakistan
	1
	4
	1
	Norway
	3
	4
	
	Japan
	
	1
	1

	Germany
	7
	5
	1
	Poland
	2
	2
	1
	
	
	
	

	Greece
	
	1
	
	Russia
	5
	5
	
	
	
	
	

	Hong kong
	
	1
	1
	Singapore
	1
	
	
	
	
	
	

	India
	3
	28
	6
	Sri Lanka
	
	
	1
	Total
	100
	155
	76


Source: http://en.wikipedia.org/wiki/Nanotechnology_education
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The trend of nanotech graduates for BS, MS and PhD degrees is increasing as is also evident from the graph below.
6.
Water and Environment - A Prioritized Area or NSNT

Compiled by M. Aslam Baig (NCP)

Introduction:

Water is among the most essential requirements for life in any form and, in particular, is a precious resource of human civilization. An easy access to affordable and clean water is, therefore, the fundamental right of every human being and is thus one of the most important humanitarian goals, but unfortunately it is emerging as a major global challenge during this century. Water covers ~75% of the Earth's surface but 97.5% of it is salty sea-water. Thus only 2.5% remains as fresh water but nearly 70% of the fresh water is not available for human use because it is in the frozen form. Therefore, even less than 1% of the world's fresh water is available for human use.  Consequently, a large percentage of the world's population do not have access to safe water and ironically, more than 3.6 million people die each year due to the water related diseases. The global water demand is doubling every twenty years because of the population growth. According to the Pakistan Council of Research in Water Resources (PCRWR), 50% of the available urban water supply is not safe for drinking because it does not meet Pakistan’s water quality standards. It is estimated that, unfortunately, only ~26 % of Pakistan’s population has access to safe drinking water.

Problem:

Most of the available water is not suitable for drinking or even irrigation due to either being salty or contaminated by urban/industrial waste, acidic atmospheric deposits, groundwater contamination, toxic agricultural chemicals, excessive sediments, toxic metals (mining), and radioactive materials etc. In developing countries, like Pakistan, an effective infrastructure to treat industrial and municipal water is almost non-existent and polluted water is thus routinely being mixed with the canal or river water making it unfit even for irrigation. This has led to various water-borne diseases especially prevailing in the regions closer to the industrial zones. Unfortunately the polluted water is also commonly used for irrigation and we are routinely being exposed to the toxic contaminants by consuming the agriculture products produced in such areas.

Possible Solution:

The conventional strategies to purify industrial, municipal and even seawater include biological treatment (biodegradation and biosorption etc.), chemical treatment (chemical flocculation, precipitation, chemisorption on ion-exchange resins and other adsorbents especially activated carbon and zeolites, chlorination and UV irradiation etc.) and physical treatment (aeration, filtration, sedimentation and reverse osmosis etc.). Each of these water treatment strategies has its own pros and cons but a combination of at least 02 or more such strategies are usually more effective and thus recommended for an effective water treatment systems.
Apart from these conventional methods, nanoscience and nanotechnology has recently played a vital role in the improvement of existing water/air treatment processes and even in the development of new and more effective processes based on the unique chemical and physical properties of nanomaterials. The effectiveness of the treatment methods using nanomaterials is mainly because of the increased surface area of such materials, either by increasing the porosity or by reducing the size, and thus increasing the overall active sites available at the surface of such materials. The table below summarizes the applications of various nanomaterials with desirable properties that are being evaluated for their potential to improve the existing treatment strategies and even to develop new and more effective ones (Water research, 2013, 47, 3931).
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Pakistan Scenario

The problem of water purification in our country is very alarming. Pakistan is mainly relying on its agriculture but a large area consists of deserts or gets high temperatures especially in the Southern Punjab and Sindh. A large majority of people either do not get water supply or if they do get, it is usually contaminated. Each year a lot of casualties are reported in the hospitals as soon as the summer season starts. So far, the government has not been able to provide required clean water to most of the citizens. In Punjab and Capital territory, however, the situation is much better than the other areas of the country. Public awareness on this issue has triggered the production of clean water by various companies, mostly based on reverse osmosis,that is though affordable only to less than 5% of people even in the developed cities. Even with this costly water, there are reports of contamination. However, general public has started buying their own UV filtration units to decontaminate the water at home. In some areas, the civil authorities have established filtration plants. But these are often non-functional due to one reason or the other. Even these available filters are based on old traditional technologies. The awareness of industrial effluents treatment is also not observed in our country. The river and canal waters of Industrial areas such as Lahore and Faisalabad are reported to be heavily contaminated with the waste chemicals. In particular, Kasur area is heavily contaminated due to the leather industry and increasing number of cancer cases are being reported in this area due to chromium contaminated water that is routinely used for crop irrigation. Thus, in Pakistan we have to consider this alarming situation rather seriously and there are ample opportunities to exploit the benefits of using novel materials to address these grave problems.

In Pakistan, there are several research groups working in various universities/research institutions to improve/develop water/wastewater treatment strategies mainly based on adsorption, biodegradation and other conventional chemical and physical methods. These efforts have though led to publishing several research articles and the small-scale demonstrations but, to the best of our knowledge, there is no transformation of lab-scale treatment methods to effective industrial-scale treatment plants. Recently several groups are trying to integrate and exploit the potential of novel nanomaterials to make such treatment processes more efficient but their economics acceptable to the industrials, who unfortunately are also not much willing to invest for this purpose, still remains a challenge to install such water/wastewater treatment strategies with true spirit.

The prominent institutions currently working on the development of nanmaterials based strategies for the water/wastewater treatment include, though not limited to, Quaid-i-Azam University (QAU), PINSTECH, NIBGE, LUMS, NUST, NCP, Punjab University, Baha-Uddin Zakariya University, University of Peshawar, Preston Institute of Nanoscience& Technology (PINSAT), and National Center of Excellence in Analytical Chemistry (NCEAC), Jamshoro, etc. Most of these research groups are working on the development of functionalized magnetic nanoparticles that have affinity to interact with toxic organic/inorganic pollutants and facilitate their subsequent removal/reduction to less toxic materials; synthesis of porous polymeric and magnetic materials with desired surface chemistry; synthesis of antimicrobial nanomaterials especially silver and ZnO nanoparticles and their composites; porous membranes, synthesis of photocatalytic materials especially titania and their composite nanoparticles and films for the degradation of toxic organic pollutants; and the development of more efficient, sensitive and economical metal/metal oxide nanoparticles/nanoclusters based biosensing/bioimaging assays for the detection of toxic organic/inorganic pollutants including pathogenic bacteria in drinking water. A few groups have also initiated projects to develop nanoparticles based super hydrophobic surfaces, meshes and foams that can potentially be used for the removal and concentration of oils from oil spills in water. The output of these research activities is though encouraging in terms of research publications but the scattered groups need to interact and harmonize with each other and with the industry to translate their fundamental research to practical applications that would certainly require support by the industry and government. A major challenge of most of these treatment strategies is still their capital and operating cost, effectiveness, and regeneration and recycling of the materials used for water/wastewater treatment.

Apart from water/wastewater treatment strategies, there is a little research activity to adopt and develop effective strategies to decontaminate soil and air and thus demands an immediate attention. Toxic gases are increasingly being added to the environment by rapidly expanding industrial activities and there is a need to develop efficient scrubbers to capture toxic gases to minimize their release in open air. There is though a little activity in this regard at Department of Chemistry, QAU and LUMS, to develop metal organic frameworks (MOFs) based materials that may be used as scrubbers to remove toxic gases from the industrial waste air-outlets but there is a need to seriously initiate and support more such research activities to monitor and minimize air pollution to which all of us are exposed at all times.

Recommendations

· Generate public awareness and understanding about the air/water pollution and the role of nanomaterials to address such issues.

· Awareness of treatment of the industrial/municipal wastes, establishment of recycling units based on new technologies for effluents and their regular monitoring.

· Availability of low cost water testing facilities to public (PCRWR and PCSIR can play a vital role in this regard).

· Improvement/upgrading of the existing industrial treatment processes using novel and more effective materials.

· Development of novel nanomaterials for potential applications in water/wastewater treatment and purification.

· Encouraging research projects at MS/ PhD levels for the fabrication of nanofilters and membranes for effective and economical purification of polluted water.

· Interaction/liaison of Academia-Industry to solve the air, water and wastewater purification problems. 

· Facilitating to international water purification/treatment companies to establish their R&D units in Pakistani industries. 

· Effective coordination and collaboration among different research groups in the country to work on focused projects.

· Establishment of Centers of Excellence in Nanoscience & Nanotechnology, at least one in Capital Islamabad and one each in all the provinces, to work on prioritized research areas including water and environment. These centers must be well equipped with the High Tech equipment for nanomaterials characterization and applications.  

· Training of local staff to maintain and repair the new treatment plans for water purification through workshops, courses, seminars and hands on experiences.

· Standardization/certification of the techniques using international standard methods. 

7.
Ethics, Safety and Regulations – A Prioritized Area of NSNT
Compiled by Khwaja Yaldram (PINSAT)

Introduction
Risks are an integral part of each and every technology. No technology can be considered to be perfectly safe. Although the nature of the risks is specific to each technology there are a couple of factors that must be kept in mind while assessing the risks associated with each technology;

i. The risks involved can be long term. For instance, the climatic effects of the industrial revolution and subsequent industrialization are manifesting after more than a century. Such risks are difficult to foresee and therefore will not be part of this review.
ii. The pace of scientific breakthroughs has accelerated to such an extent during the last century that the time lag between scientific breakthroughs and the products of technology to come in the market has shortened considerably. Sometimes this time lag can be measured in months. As a consequence rules and regulations regarding new and emergent technologies have not been able to keep pace with the technological breakthroughs. 

The health and environmental risks associated with nanotechnology are basically a result of the small size of the nanoparticles. The table below gives an indication of how the number and surface area of these particles is affected by their size.

Table: Particle number concentrations and particle surface areas for particles of different sizes (assuming an air borne concentration of 10 µg/m3of unit density for particles of each size).
	Particle diameter

          (nm)
	Number of particles

        (per cm3)
	Particle Surface Area

          (µm2 /cm3)

	             5
	     153,000,000
	            12,000

	            20
	     2,400,000
	            3016

	            250
	     1200
	            240

	            5000
	     0.15
	            12


The nanoscale size of the particles and their enormous increase in surface area are manifested in changes in their physical and chemical properties as compared to their macro counterparts.

Free and Fixed Nanoparticles
 In addressing the health and environmental issues related to nanotechnology we need to differentiate between two types of nanostructures:

i. Nanocomposites, nanostructured surfaces and nanocomponents where nanoscale particles are incorporated into a substance. These are referred to as ‘fixed nanoparticles’.

ii. ‘Free nanoparticles’, where at some stage in the production or use, individual nanoparticles of a substance are produced. These free nanoparticles can be nanoscale species of elements, or simple compounds, but also complex compounds where for instance a nanoparticle of a particular element is coated with another substance.

Although prudence demands that one should be aware of the materials containing fixed nanoparticles, almost all safety concerns that have been raised about nanotechnologies are related to ‘free’ nanoparticles. 

Potential Areas of Concern
Since nanoparticles are very different in their properties from their everyday counterparts, their adverse effects cannot be derived from the known toxicity of the macro sized particles. The following are some of the issues that are peculiar to nano sized particles and can pose toxic risks:

· Extraordinarily large number of particles per given mass.

· Increased surface area per given mass.

· The increased mobility due to their small size.

To further complicate the study of toxic effects the following properties of the nanoparticles also pose considerable problems in carrying out toxic studies;

· A powder or liquid consisting of nanoparticles is almost never mono disperse, but will contain a range of particle sizes.  This complicates the experimental analysis as larger nanoparticles may have different properties than smaller ones.

· Nanoparticles show a tendency to aggregate and such aggregates often behave differently from individual nanoparticles.

· The shape of the nanoparticles can also be of toxic importance.

Health Issues
‘Free nanoparticles’ can enter the human body through four routes. They can be inhaled, swallowed, absorbed through the skin and/or deliberately injected during medical procedure. Once inside the body they are highly mobile. How these nanoparticles behave inside the organism is one of the big issue that is being actively pursued. Basically, the behavior of nanoparticles is a function of their size, shape and surface reactivity with the surrounding tissue. Some of the issues of concern are:

· It has been observed that in some instances nanoparticles can cross the blood-brain barrier.

· What happens if non-or slowly degradable nanoparticles accumulate in organs?

· Another concern is their potential interaction with biological processes inside the body. Because of their large surface, nanoparticles on exposure to tissues and fluids will immediately absorb onto their surface some of the macromolecules they encounter. Can this, for instance, affect the regulatory mechanism of enzymes and other proteins? 

· Nanoparticles could cause ‘overload’ on phagocytes, cells that ingest and destroy foreign matter, thereby triggering stress reactions that lead to inflammation and weaken the body’s defense against other pathogens.

Environmental Issues
Not enough data exists to know for sure if nanoparticles could have undesirable effects on the environment. The following areas are relevant here:

· In ‘free’ form nanoparticles can be released in the air or water during production (or production accidents) or as waste by product of production and ultimately accumulate in the soil, water or plant.

· In ‘fixed’ form, where they are part of a manufactured substance or product, they will ultimately have to be recycled or disposed off as waste.

· We do not know for sure if certain nanoparticles will constitute a completely new class of non-biodegradable pollutants. In case they do, we also don’t know yet how such pollutants could be removed from air or water because most traditional filters are not suitable for such tasks.

· In fixed form, where they are part of a manufactured substance or product, they will ultimately have to be recycled or disposed off as waste.

· To properly assess the health hazards of engineered nanoparticles the whole life cycle of these particles needs to be evaluated, including their fabrication, storage and distribution, application and potential abuse, and disposal. The impact on humans or the environment may vary at different stages of the life cycle.

Work Place Exposure
Health and environmental issues combine in the workplace of companies engaged in producing or using nanomaterials and in the laboratories engaged in nanoscience and nanotechnology research. It is safe to say that current workplace exposure standards for dusts cannot be applied directly to nanoparticle dusts.

Risk Assessment Methodologies
· Looking at all available data, it must be concluded that current risk assessment methodologies are not suited to the hazards associated with nanoparticles.

· In particular, existing toxicological and eco-toxicological methods are not up to the task.

· Exposure evaluation (dose) needs to be expressed as quantity of nanoparticles and/or surface area rather than simply mass.

· Equipment for routine detection and measurement of nanoparticles in air, water and soil is inadequate.

· Very little is known about the physiological responses to nanoparticles.

Harmonized Terminologies and Standards
Precise investigations on the effects of nanomaterials must be performed and reported based on common measurement protocols and reference materials. Standardization in measurement and characterization is, therefore the key issue in the promotion of public awareness of the risks of NT. Ultimately the development of standard methods and practices will not only improve the quality of data but simultaneously improve the confidence in science regarding the safety of nano-products and provide a scientific basis to make proper decisions about risk and exposure to nanomaterials.

Ethical Issues
Delinking scientific discovery from subsequent technological innovation is practically an impossible task. It is for this reason that scientists and technologists just like the medical practioners (Hippocratic Oath) should be bound by some sort of professional code of conduct. While no qualitative new ethical issues unique to nanotechnology have as yet been identified, the ethical responsibilities regarding some aspects of nanotechnology merit special attention. The rapidly increasing level of interdisciplinary activity in nanostructuring has introduced a convergence of various technologies namely Nano, Bio, Info, Cogno (NBIC) and Genetics, Robotics, Artificial Intelligence, Nanotechnology (GRAIN). This has opened up unchartered territory of new applications and inventions.
Early NBIC technologies are likely to be therapeutic in intent, e.g. these could be aimed at addressing problems in brain functioning. However these could eventually lead to purposes of cognitive enhancement. This could pose extremely sensitive ethical concerns, especially in the context of Muslim countries. As with embryonic stem cell research, work on NBIC human implantable nano-devices for cognitive enhancement could pose problems of ethical acceptability. Testing of nano-medicines and nano-devices on humans is another area of concern.

In the context of Pakistan, a state that has religion embedded in its constitution, these ethical and moral issues assume an added significance. Ethical issues related to biotechnology are still being debated in Muslim countries, and as yet there is no common consensus on framing some common set of guidelines for researchers and other stakeholders. Gene manipulation to change the characteristics of an individual would certainly be abhorred in Islam; however improving the quality of crops through introduction of genetic manipulation may be permissible. The cloning of humans from an Islamic point of view would be considered an unethical and reprehensible act. Similarly stem cell research, so far as it involves removing cells from embryos would certainly not be tolerated in an Islamic country.The Muslim world has as yet not taken any serious initiative to put in place an infrastructure to address these issues. 

Regulations Worldwide
Regulatory bodies such as the Environmental Protection Agency and the Food and Drug Administration in the U.S. and the Health &Consumer Protection Directorate, European Chemical Agency, European Food Agencyof the European Commission have started dealing with the potential risks posed by nanoparticles. These bodies have concluded that nanoparticles form the potential for an entirely new risk and that it is necessary to carry out an extensive analysis of the risks posed.

The main impediment to regulating nanotechnology is the lack of studies to evaluate nanomaterials for the potential toxicity and the standardization of measurement and characterization techniques. The outcome of these studies can form the base for international regulations.

For the present in the absence of such studies these bodies have suggested that no new regulatory authority is necessary for the control of nanoscale particles. Present regulatory bodies, especially dealing with health, drugs and environment, with some modifications in their regulations are sufficient to deal with new threats arising from nanotechnology. 

Pakistan Scenario
With a loose regulatory mechanism the products of nanotechnology are finding their way into the National market with absolutely no Authority to check their suitability. The fact that there is little or no awareness amongst the policy makers, entrepreneurs, academics etc. about nanotechnology in general and the adverse effects of nano products in particular and the rapid developments in this field internationally makes it imperative to work on a framework that can form the basis of a well-coordinated policy on nanotechnology.

In formulating a framework for nanotechnology development in Pakistan it is imperative that due importance be given to issues pertaining to ethics, risks and regulations regarding this technology. Delays in introducing regulations can be counterproductive and even harmful to the National interests. In formulating a regulatory policy one has to take lessons not only from the International trends but also keep in mind the conditions within the country. The approach should be flexible and adoptive that supports the responsible development of the technology while minimizing its harmful effects. The framework should look at both the short term and long term and address the interests of all the affected parties.

Some background studies in the field of biotechnology, the agricultural sector and the industrial sector of Pakistan provides us with input that is relevant to developing a regulatory framework for sustainable development of nanotechnology within the country. The common trends that emerge from each of these studies are (i) Lack of awareness amongst the stakeholders about nanotechnology (ii) Lack of awareness amongst the field workers regarding the latest technological breakthroughs and innovations. (iii) Inability of the workers to adapt to latest technical advances in their fields. (iv) Inability of the management and the concerned authorities to anticipate the requirements of   emergent technologies. (v) A very weak regulatory mechanism. (v) Absence of any linkage between research and industry (vi) A very weak implementation mechanism.

Recommendations
· While framing a national policy for development of nanotechnology in the country it is important that the issues pertaining to ethics, safety and regulatory aspects of nanotechnology be given due importance.

· Ethical, safety and regulatory aspects of nanotechnology should form an integral part of the course designed for introducing nanotechnology at the College or University level.

· While creating awareness amongst different segments of the public (i.e. policy makers, entrepreneurs, researchers, teachers and students) about nanotechnology, it is important that the issues pertaining to ethics, safety and regulations be given due importance.

· Although Pakistan has a fairly sound research base in nanotechnology, however there is lack of any coordinated activity regarding the study of toxic effects of nanoparticles. As the use of nanoparticles in industry, agriculture and health sector takes roots in the country such toxic studies will assume lot of importance. It is therefore imperative that this area be given due importance in the overall development policy on nanotechnology for the country.

· Pakistan Standards and Quality Control Authority (PSQCA) may be charged to survey the international efforts in development of standards for nanotechnology and coordinate efforts for development of harmonized national standards. This may require a very specialized/trained manpower.

· Looking at international trends, there is no need for the time being of creating a separate regulatory authority for nanotechnology within the country. We may focus attention on existing rules/regulations pertaining to health and environment and suggest changes/modifications wherever required to accommodate concerns arising from nanotechnology.

· Ethical/moral issues pertaining to science and technology have never been a priority area in the development of S&T policies for the country. However subjects like Biotechnology and Nanotechnology have introduced concerns that might be in conflict with our religious beliefs. It is recommended that a body consisting of a panel of experts selected from different segments of the society may delve into the issue in depth.
8.
Food and Agriculture - A Prioritized Area or NSNT

Compiled by Waheed S. Khan (NIBGE)

Introduction

Agricultural sector is the backbone of our economy. Importance of this sector is manifold as it feeds people, provides raw material for industry and is the base of our foreign trade. It contributes 26% of GDP and 52% of the total populace is getting its livelihood from it. 67.5% people are living in the rural areas of Pakistan and are directly involved in it. Growth of agriculture in Pakistan is facing a lot of problems. The magnanimity of the agricultural problems in Pakistan has undoubtedly crippled the economy. In 1947, agriculture’s contribution of GDP was 53% that has shrunken down to 26%. Pakistan has great agricultural potential because of its alluvial soils. However, it is producing almost 50% below its potential. Neighboring India and Bangladesh have shown significant improvement in their agriculture sector unlike Pakistan. 

The introduction of new varieties and chemical fertilizers has resulted in increase in crop yields. But, intensive cultivation, increased use of fertilizers, pesticides, conventional soil management practices, and improper use of irrigation water resulted in deterioration of land and water resources leading to poor crop yields. Large fertile areas fell prey to water logging and salinity, making small farmers more food insecure.

Nanotechnology


Nanotechnology is making a very signiﬁcant impact on the world’s economy, industry and people’s lives. It deals with the physical, chemical and biological properties of matter considered at nanoscale (1–100 nm). Nanotechnology has great potential, as it can enhance the quality of life through its applications in various ﬁelds like agriculture and the food system. 

Areas in Agriculture Sector for Nanotech Applications  

Around the world nanoetchnology has become the future of any nation. Applications of nanotechnology in agriculture are the basis of providing food, feed, ﬁber, ﬁre and fuels. In future, demand for food will increase tremendously while natural resources such as land, water and soil fertility are limited. In order to keep pace with the world, Pakistan need to pay due attention towards this emerging technology. There are immensely large number of areas in agriculture where nanotechnology can be applied to optimize the benefits. Some of the underlining areas are as under:

Currently, provision of clean and abundant fresh water is one of the most important challenges faced by the people of Pakistan &world for human use and industrial applications such as agriculture. According to a survey, more than one billion people in the world are deprived of clean water and the situation is getting worse. For improving water quality, nanotechnology has provided novel solutions which are discussed below:
· Nanotechnology based oligodynamic metallic particles have the ability to serve microbial disinfection systems. Oligodynamic effect means the toxic effect of metal ions on living organisms. Among these nanomaterials, silver is the most promising one as it has both bactericidal and viricidal features.
· Visible light photocatalysis of transition metal oxides nanomaterials such as TiO2 in the form of nanoparticles, nanoporous ﬁbers and nanoporous foams can be used for microbial disinfection and for the removal of organic contaminants like PPCPs and EDCs. Similarly, ligand based nanocoating and dendrimer enhanced ﬁltration (DEF) can be utilized for effective removal of heavy metals from water as these have high absorption tendency.

· Due to limited resources of fresh water, it is likely that in the near future, desalination of sea water will become a major source of fresh water. Conventional desalination technologies like reverse osmosis (RO) membranes are being used but these are costly due to the large amount of energy required. Nanotechnology has played a very important role in developing a number of low-energy alternatives such as (i) protein-polymer biomimetic membranes (ii) aligned-carbon nanotube membranes (iii) thin ﬁlm nanocomposite membranes.These technologies have shown up to 1000 times better desalination efficiencies than RO, as these have high water permeability due to the presence of carbon nanotube membranes in their structure. 

· Naturally formed clay nanotubes (Halloysite) can be used as carriers of pesticides for low cost, extended release and better contact with plants, and they will reduce the amount of pesticides by 70–80%, hence reducing the cost of pesticide and also the impact on water streams.

· It is estimated that only one tenth of pesticides applied to fields is actually utilized to defend the crop, the remaining chemical is lost in runoff, bound in the soil or applied too early or too late to be effective. Nanoscale carriers can be utilized for the efficient delivery of fertilizers, pesticides, herbicides, plant growth regulators, etc. These advances will help in slowing the uptake of active ingredients, thereby reducing the amount of inputs to be used and also the waste produced.

· Bioremediation is a waste management technique that involves the use of organisms to remove or neutralize pollutants from a contaminated site. Nanoparticles can be used for the bioremediation of resistant or slowly degradable compounds like pesticides. Otherwise these harmful compounds enter the food chain and result in serious problems for the body. So nanoparticles can be used for environmental safety.

· Nano-genetic engineering research is an emerging area leading to genetically modified crops (GMC) production. For example, silica nanoparticles can be used to deliver DNA and chemicals into plant and animal cells and tissues. This technique has been successful in altering the colour of rice, and researchers aim to use this technique to extend the growing season for rice, enabling year round production. 
· Livestock, poultry and aquaculture are related with agriculture which have important role in human nutrition. Feedstock is the most important input in animal production. Feeding efﬁciency is inversely related with demand of feed, discharges of waste, environmental burden, production cost and competing with other uses of the grains, biomass and other feed materials. Nanotechnology has the potential to improve the proﬁle of nutrients and their efﬁciency. Moreover, micronutrients and bioactives can help improve the overall health of animals, ultimately achieving and maintaining optimal physiological state. For efficient supply of nutrients, a large number of nanoscale delivery systems like micelles, liposomes, nano-emulsions, biopolymeric nanoparticles, protein-carbohydrate nanoscale complexes, solid nano lipid particles, dendrimers and others have been developed. 

· Animal reproduction is an important challenge in Pakistan as low fertility causes low production rate, increased in ﬁnancial input and reduced efﬁciency of livestock operations. Nanotechnology-based delivery systems help to improve bioavailability and release kinetics, reduce labor intensity, and minimize waste and discharge to the environment. An implanted nanotechnology-enabled sensing device with wireless transmission ability is another strategy that can be used to control animal hormone level, thus providing information about the optimal available fertility period. This information is helpful for the livestock operators in decision making for reproduction.

· For sustainable development around the world, ﬁnding an inexpensive, safe and renewable source of energy is the need of the hour. Nanotechnology is also helpful for the conversion of biomass into fuels, chemical intermediates, specialty chemicals and products including catalysts in order to reduce production cost while being economically feasible. These nanostructured catalysts have large surface area per unit volume and are capable of having precisely controlled composition, structure fictionalization and other important properties of catalysts.
Applications of Nanotechnology in Food Industry

Food is the top most priority of everybody since our inception. It gives us energy to grow and live stronger. Food safety describes handling, preparation, and storage of food in ways that prevent food borne illness. Nanotechnology can be applied in all phases of the food cycle “from farm to fork”. Some of these applications will result in the presence of nanoparticles or nanostructured materials in the food. Some aspects of this area are described below: 
· Nanotechnology may be used in agriculture and food production in the form of nanosensors for monitoring crop growth and pest control by early identification of animal or plant diseases. These nanosensors can help enhance production and improve food safety. The sensors function as external monitoring devices and do not end up in the food itself. Nanomaterials can also be introduced in or on the food itself. The effectiveness of pesticides may be improved if very small amounts are enclosed in hollow capsules with a diameter in the nanometer range which can be designed to open only when triggered by the presence of the pest to be controlled. Nanopesticide residues on the food and from animal feed and veterinary medicine may end up inside the stomach but what happens then is not clear.

· New types of membranes including micro and nano-sieves
can be
applied in food processing. The pores of the sieves are in the micrometer and nanometer range. They can be used for filtration of beer or of milk for cheese production. In future, they may also be used for preparing water-filled fat colloids to produce low fat milk with the same taste as full fat milk which could then be used in creamy low fat ice cream. They can also be used for encapsulating valuable food ingredients such as minerals in a coating of another ingredient to boost take up by the body or to avoid these ingredients being lost during cooking.
· Food safety is a major
concern for food producers, consumers and food safety authorities. Nanosensors may help to improve food safety by enabling faster quality control and testing not only in the factory but also on the shelf and even in refrigerator. These sensors can be integrated in the food processing equipment or in refrigerators and do not introduce nanoparticles into the food itself. 

· Success of packaging materials for fresh products totally depends on the control of internal gas composition and water loss in packaging. Nanopackaging can create a modified atmosphere in packaging with controlled gaseous exchange, so that, for example, the shelf life of vegetables may be increased to weeks. The surface of an ordinary packaging material such as plastic or paper can be adapted to make it suitable for food by coating it with one or more sharply defined layers of tens of nanometres thickness. The plastic of drink bottles can contain clay nanoparticles to keep oxygen or water vapour in or out.

· Food and nutrition companies foresee a great deal of promise from nanotechnology in novel food products. In novel food, the ingredients which naturally occur in food are adapted for better taste, digestion or to address the specific nutrition needs of special groups such as babies, elderly or patients. Low fat milk, cheese and ice cream with the same taste as full fat products have already been produced. The jelly-like ice gel used for soft drinks or ice cream consists of very small ice crystals containing even tinier bubbles of carbon dioxide (CO2). The CO2 bubbles are 1-10 nm in diameter, much smaller than CO2 bubbles in soft drinks. In the mouth, the ice gel causes a feeling similar to effervescent tablets.
Current Status in Pakistan

During last one decade nanotechnology research has progressed impressively regarding the establishment of infrastructure for the synthesis, characterization and applications of nanomaterials. A huge number of publications were produced by the researchers in this area but the real outcomes of the technology are still awaited in Pakistan. Importance of this field has been realized by all the scientists/researchers in the country but any breakthrough in the form of a product or process has yet to come. Same is the situation in the area of nanotech applications in agriculture and food sector. There are many reasons for this such as lack of funds, shortage of high tech equipment, high cost of precursors/chemicals, energy issues, no support from government etc. There are few institutes that are involved in exploring the potential of this technology in agriculture related areas especially NIBGE and AUF. So there is a dire need to pay special attention to this versatile field of nanotechnology.

Recommendations:

· Liaison be established between food industries and nanotech research groups in Pakistan so that nanotech approaches may be adopted for improving the food related issues.

· Nanotech research centers/labs should be established in already established agricultural research centers/institutes/organizations.

· Handsome amount of research funds should be allocated for this area at federal and provincial level. 

· Strong support from industries like poultry, dairy, feed mills, livestock, should be sought for research in nanotech area.

· Targets and goals should be set by the funding agencies the relevant institutions to be achieved by the application of nanotechnology, and be monitored/evaluated.

· Nanotech research should be declared as a priority area.

9.
Catalysis - A Prioritized Area or NSNT

Compiled by Mazhar Mehmood (PIEAS)

Catalysis is an increase in reaction rate by providing an extra material, called catalyst. Every chemical reaction or process is driven by negative change in free energy. However, the reactant(s) always attain an intermediate activated state, which has higher free energy than the reactants. The excess energy required for this transition acts as an energy barrier that controls the rate of reaction. The role of a catalyst is to change the path of the reaction such that the intermediate state requires less energy resulting in an increased reaction rate. Catalysis is extensively employed in petroleum refining, cracking, steam reforming, treating the exhaust gases of the fossil fuel, water-gas shift reaction, preparing biodiesel, anodes and cathodes in the fuel cells are examples of electro-catalysts. Electro-catalysts are also used for many redox reactions including water splitting. Catalytic oxidation is employed for production of several acids, like, sulfuric acid, nitric acid. Production of ammonia and methanol is another example of catalytic reduction. Treating the industrial waste is another area where catalysis can play its significant role. 
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Catalysts can be in the same phase as that of the reactants, for example, chemicals in the dissolved form. However, most catalysts are in the form of solids, where the reaction takes place at the catalyst surface. The reacting species from the gas of liquid phase adsorb at the surface that accelerates the transformation to the final product. The adsorption may, for instance, weaken the original bonds of the reactants to form the new bonds for the product, or the two adsorbed reactants may be facilitated to collide and form the product, etc. Anyway, the surfaces of the catalyst material and a few atomic layers below the surface play the most important role in catalytic reactions.

Surfaces in Nanomaterials and Catalysis

Surfaces are two-dimensional interfaces, which may be the solid-gas interfaces, inter-crystalline boundaries in a single phase materials, as well as, inter-phase boundaries in the multi-phase solids/composites. The surfaces are characterized by their high energy due to dangling bonds, distorted bond angles, and free volumes. 

Perhaps, the most important characteristics of nano-structured materials is the large surface to volume ratio, particularly below the scale of 10 nm (Figure 1). For the solid catalysts, surfaces play the most important role. Therefore, nanomaterials and catalysis are natural combination. 

Where we stand!

A search through the ISI (International Science Index) with above keywords in Pakistan reveals reasonably good potential for focus in this area, as shown in Fig. 2. (A note of caution is that some or most of the papers do not report indigenous development of nano-catalysts.)
[image: image7.emf]    (a)    (b)    


Figure 2: Yearly publications from Pakistan with the keywords nano* and catalys*
Another search based on the nanomaterials which can be potentially explored for catalytic applications also gives optimistic view, as shown in Figure 3 
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Figure 3: No of publications on the nanomaterials which can be successfully explored for the applications in the field of catalysis, having the will of the scientists and resources to be provided by the regulators.

Nanocatalysts and Our Potential

· Less expensive& more effective materials for homogeneous & heterogeneous catalysis 

Catalysts are used in large number of industrial processes. New catalysts based on meta-stable binary alloys, core shell nano-composites and nanoparticles decorated on support materials, etc., may be indigenously developed. Nanoparticles have higher surface to volume ratio and thus are more effective catalysts. Gold, silver, palladium, platinum, Ruthenium, binary and tertiary alloy nanoparticles are of major interest. New amorphous and metastable phase alloy nanoparticles of less expensive metals are also under real focus. However, homogenous catalysis requires recovery of catalyst material, which is usually cumbersome. Hence, major technological input is required for developing processes for recovery of these particles. One of the recovery technologies involves a supporting magnetic material that can be separated by magnetic techniques along with the attached catalyst nanoparticles. The other methodology which is more common is to provide a support solid material. Nanoporous alumina, titania, activated carbon, nanoporous graphite / grephene, nanoporous silica, zinc oxide nanowires, etc., provide effective support materials for catalytic nanostructures The support materials are also sometimes required just to lower the amount of the main expensive catalyst material based on core-shell arrangements. 
Some of above materials are fabricated at PIEAS, NCP, NIBGE, LUMS, NUST, Quid-i-Azam University, ICCBS, CIIT, PINSTECH, GIKI and many other institutions in Pakistan. The use of these materials for development of catalytic applications should be enhanced.
· Electrochemical Catalysts: Metallic, oxide, polymer, carbon and composite nano wires are synthesized by template-assisted electrochemical / chemical techniques, hydrothermal oxidation of metals, hydrothermal reduction and replacement reactions, catalytic conversion from vapour phase, etc. These materials offer excellent properties as their mats or ‘crops’ can have the largest faction of open space, and / or electrical contacts with electrodes etc. PIEAS, NUST, CIIT, NCP, LUMS and many other institutions have got significant success in the fabrication of these materials, although their application in catalysis needs further enhanced focus. 

· Nanocrystalline catalysts and storage materials: Nanocrystalline solids and nanocomposites are also successfully fabricated at PIEAS, NUST, and GIKI, etc. These catalysts are excellent choice to be explored for hydrogen storage materials and other electrochemical catalysts, particularly the hydrogenation and dehydrogenation reactions. 

Recommendations

· Nanostructured catalysts should be developed indigenously by cost-effective techniques chemical, petrochemical and pharmaceutical Industry. A number of these nanomaterials for potential applications in catalysis have been developed in Pakistani institutions. However, their laboratory scale and subsequently pilot plant scale production from cheaper raw materials and indigenous purification must be focused upon. 

· Processes for catalytic production of bio-diesel and its cost-effectiveness should be pursued actively. 

· With the advent of nanocatalysts, new industrial processes are being developed worldwide. These should be closely monitored. 

· Electrochemical processes: nanostructures electrode materials for water splitting and fuel cells should be developed. 

· Nanomaterials for maximum and safe hydrogen storage, and efficient use should be developed.

· Nanomaterials for CO2 recycling should be developed

· A consortium of PIEAS, NCP, LUMS, NUST, GIKI, and other interested institutions, along with representatives from strategic organizations and chemical industry may be constituted to launch collaborative research projects, and review the progress and global trends on regular basis. .  

Overall Recommendations of the Panel to Promote NSNT in Pakistan
In addition to the specific recommendations mentioned in different sections in this report, the panel recommended the following measures to promote and make the best use of Nanoscience & Nanotechnology in Pakistan.

· Revival of National Commission on Nanoscience & Nanotechnology and its legislation
· Prioritize NSNT research as a key area for National Development.
· Development of National Centers of NSNT at the Central and Provincial level equipped with most of the tools for nanomaterials characterization and trained manpower including highly skilled technicians to operate and maintain high tech equipment.

· Provide funds for the sustainability and top-up of the already established groups/labs in nanomaterials research.
· A part of the Foreign PhD scholarships offered at the National level may be allocated specifically for NSNT (annually at least 15 PhD scholarships).
· Promote the interaction among the scientists, engineers, medical professionals/clinicians and industrialists by arranging frequent meetings/workshops/conferences.
· Competitive research grants (up to PKR 25 Million) to the experienced and active young professionals to further develop facilities for nanomaterials research in the prioritized areas upon the recommendation of National Commission on Nanoscience & Nanotechnology.
· Revision of the curriculum at college (K-12) and university level to introduce the courses of NSNT. Noting the interdisciplinary nature of NSNT, it is recommended that Biology, Chemistry, Physics and Math and, possibly Computer Science, be made compulsory subjects for all the Science/Engineering students up to 12th grade. 
· Consortia of research groups working in similar fields and their regular meetings to share/evaluate the progress of the groups working in NSNT.
· Maintenance/up-gradation, on-line booking and more efficient utilization of the available high-tech equipment in different universities/R & D institutions.
· Training/retention of skilled technicians/engineers to operate/maintain the equipment by offering them better incentives.
· Encourage collaboration among the groups working in the local universities and R & D institutions and allocate funds for frequent exchange of students/researchers to make the collaborations more effective.
· Improve procurement processes to get the research chemicals/consumables in the shortest possible time. May give incentives to reputed manufacturers/suppliers to open their stores within the universities.

· Focus on the specific problems of local industry, particularly the export oriented industries, to help improve the quality of their products and thus protect the export orders in competition with other countries.
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Figure � SEQ Figure \* ARABIC �1�: Changes in surface area with size: A rapid increase is observed when the size of materials decreases below 100 nm.
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