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 The Center for Advanced Materials (CAM) is one of the research centers under 
the Vice President for Research and Graduate Studies Office. It was established 
in 2002 as a Materials Technology Unit, since then CAM has been dedicated 
to providing distinguished supremacy in Material Science and Technologies 
supported by well-equipped laboratories and high-caliber experts globally. The 
center offers support and services to local oil, gas, and processing industries, as 
well as to the Qatari learning community.    

The Center for Advanced Materials (CAM) is one of the main research centers 
in Qatar University that supports the high ranking of the university among the 
international universities. The center cooperates with different companies 
related to the petrochemical industry, water technology companies, etc. With 
more than 160 publications annually in diversified research areas and CAM’s 
teaching capabilities, CAM has set foot amongst other centers worldwide in 
Material Sciences and Engineering Research areas.  

The Center for Advanced Materials has numerous services and achievements 
in several areas such as materials technology field, environment protection, 
renewable energy, etc., which will be showcased in this booklet. 

Director’s Message

Dr. Mohammad R. Irshidat 
Director of Center for Advanced Materials (CAM)

Director’s Message…………………….…………………………………………………………………………………..............................................................................................  3
About the Center for Advanced Materials…………………….…………………………………………………………………………………..............  4

• Introduction…………………….……………………………………………………………………….........................................................................................................  4
• Mission…………………….………………………………………………………………………..........................................................................................................................  5

CAM Research Priorities …………………….……………………………………………………………………………………………………….………………………………….......…...... 6
•  Polymers…………………….………………………………………………………………………………......................................................................................................  8
•  Biomaterials …………………….……………………………………………………………….....................................................................................................  11
•  Corrosion…………………….………………………………………………………………………………................................................................................................. 11
•  Metallurgy…………………….………………………………………………………………………………............................................................................................  12
•  Nanotechnology…………………….……………………………………………….........................................................................................................  12
•  Water Desalination…………………….……………………………………………..................................................................................................  15
•  Wastewater Treatment…………………….………………………………………...........................................................................................  15
•  Sensors…………………….……………………………………………………………………………….......................................................................................................  16
•  Renewable Energy Resources …………………....……..........................................................................................  16
•  Sustainable Construction Materials…………………….…………………………...............................................................  16

CAM Facilities…………………….…………………………………………………………………………………………………………………………................................................................. 18
•  Water Technology Unit (WTU) …………………….………………………………………………………………………………................…...... 19
•  Surface Analysis …………………….……………………………………………………………………………………………………….…….............……………………....... 19 
•  Chemical Testing …………………….……………………………………………………………………………………………………….……………............…………….....  20
•  Mechanical Testing  …………………….………………………………………………………………....................................……………............…....…...... 23
•  Material Characterization  …………………….………………………………………………………………………………..............................…...... 24
•  Material Preparation Workshop  …………………….……………………………………………………………………….............………...  28
•  Welding and Sample Preparation Workshop ……………………………………………………….............………... 31

2 33CENTER FOR ADVANCED MATERIALSCENTER FOR ADVANCED MATERIALS



Introduction 
The Center for Advanced Materials (CAM) 
works under Qatar University’s Office of Vice 
President for Research and Graduate Studies. 
Since its inception in the year 2002, CAM has 
been dedicated to providing unique excellence 
in the field of material technologies. With 
well-equipped laboratories and experienced 
expertise, the Center offers knowledgeable 
assistance to local oil, gas, and processing 
industries as well as the learning community 
in Qatar. CAM is specialized on an  advanced 
materials oriented research, such as new 
compositions and/or engineered properties 
created by developing specialized or new 
processing and synthesis technologies; including 
ceramics, high value-added chemicals, metals 
and alloys, electronic materials, composites, 
polymers, and biomaterials. 

Advanced materials possess better chemical, 
physical, electrical, acoustical, mechanical, 
thermal, optical, radiological, magnetic, and/
or manufacturing properties superior to the 
conventional ones. Advanced materials can 
also be similar to conventional ones; however, 
they are manufactured in a time and cost-
efficient sustainable process, consuming low 
and/or clean energy.

About the Center for 
Advanced Materials  Mission

The mission of the Center for Advanced 
Materials is:

• To enhance and support interdisciplinary 
research on materials science and 
engineering by conducting applied 
research projects and provide knowledge 
and experience that meet the needs of 
industry and society.

• To efficiently use all the available 
capacities (human and technical) at CAM 
and in partnership with other institutions 
inside and outside Qatar.

• To continue in the development of 
excellent research centrum focused on 
designing smart materials and advanced 
technologies applicable in the Qatari 
industry. The target is to achieve excellent 
research outcomes that will enhance the 
sustainability of Qatar in materials science, 
building industry, waste management, 
and ecology.
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The roadmap of research at CAM is based on the Qatar’s needs, National Development Strategy 2011–
2016 and Qatar University research priorities pillars, such as Energy and Environment, Health and 
Biomedical Sciences, Information and Communication Technologies and Social Sciences and Humanities. 
This strategy aligns with the Qatar National Research Strategy 2012 and Qatar vision to be a leading center 
for research and development excellence and innovation. CAM belongs among leading research centers 
at Qatar University complying with the Energy and Environment and Health and Biomedical Sciences 
research pillars. Thanks to well-equipped laboratories and competent expertise, CAM offers large technical 
and intellectual support to other facilities and research centers. In addition, it supports education of 
undergraduate and graduate students in Qatar University. CAM researchers often participate in mutual 
projects with other faculties, research centers and industry partners at national and international level, 
which resulted in many common scientific and industrial projects.

The former name of the center was “Materials Technology Unit” until 2009 with the limited research 
areas. Presently, the research areas and building capacity at CAM are expanding annually by hiring new 
researchers with new research directions and new domiciliation. Currently, ongoing research areas at 
CAM are as follow:

• Polymers

• Biomaterials

• Corrosion

• Metallurgy

• Nanotechnology

• Water Desalination

• Waste Water Treatment

• Sensors

• Renewable Energy Resources 

• Sustainable Construction Materials

1. CAM Research Priorities
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1.1 Polymers
Polymers, synthetic or natural, are a part of everyday life with various properties depending on 
their chemical composition and structure. Their general properties consist of low density, ease of 
process-ability, possibility of functional integration into more complex structures, and flexibility in 
tailoring of new materials with a specific set of required properties. These polymer characteristics 
satisfy the societal needs in various applications, such as packaging, building, automotive, 
aerospace, textile or electrical. Polymer-oriented companies in Qatar produce a broad range of 
polymers and CAM is closely collaborating with them on an improvement of their properties for 
different applications. The following research areas are investigating at CAM in order to fulfill the 
Qatar’ societal needs:

• Recycling of polymer waste.

• Tailoring and improving polymer-based composites for technical and biomedical 
applications.

• Polymer-based electronics.

• Polymer membranes for water desalination and CO2 capture.

• Nanostructured block copolymer membranes for industrial wastewater treatment.

• Polymer coatings for corrosion protection and outdoor high voltage insulation.

• Polymeric heat exchangers for water desalination.

• Phase change materials for controlled energy sorption and release.

• Polymeric foams for water treatment.

All these areas aim to achieve the important goals of the Qatar National Vision 2030 that include 
building of sustainable, knowledge-based economy while saving the environment and reducing 
the greenhouse gases emission. Significant contribution is devoted to the development of various 
polymeric structures, such as membranes and foams for water treatment technology. CAM 
possesses State-of-the-Art equipment for a preparation and characterization of polymer-based 
materials including mechanical, thermal, spectral, electrical, electrochemical, thermomechanical, 
morphological analysis, etc.
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1.2 Biomaterials 
Biomaterials research at CAM is focused on fabrication and modification of polymeric materials intended to 
come in to a contact with living tissue, which is applicable in tissue engineering, regenerative medicine, and 
medical products. These materials include polymer-based scaffolds, biodegradable polymers, biomarkers, 
sensors, and antibacterial modified polymers. They are capable, precise, and effectively fabricated and 
manipulated materials on nanometer scale by means of broad battery of tools, such as spin coating, chemical 
deposition, electrochemical processes, advanced organic chemistry processes, or electrospinning techniques. 

1.3 Corrosion
Corrosion is a spontaneous process for many metallic materials due to the interaction of metals with the 
surrounding environment. Innovative corrosion management practices can help lower this economic loss 
significantly. Many research efforts are directed to mitigate corrosion by understanding its mechanism 
and developing new inhibitors and coatings. In this direction, CAM is involved in collaboration with the 
local industrial partners in order to analyze the mechanism of various corrosion failures, enabling them 
to implement cost-effective and smart corrosion mitigation strategies. CAM expertise provides testing 
and inspecting numerous coatings and substrates against all types of corrosion effectively following many 
standards. For example, NACE and ASTM standards using accredited inspection tools and procedures 
bulk and surface materials characterization, such as physical, chemical, electrochemical, and mechanical 
characterization to ensure the highest level of customer satisfaction.
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1.4 Metallurgy 
Conventionally, metallurgy is the materials science and engineering domain related to the extraction of 
metals from their ores and mixing them into new alloys. Currently, it focuses on studying the physical and 
chemical properties of metals, alloys, and their intermetallic compound. Chemical metallurgy includes 
mineral processing, the extraction of metals, thermodynamics, electrochemistry, and corrosion. In 
contrast, physical metallurgy includes crystallography, mechanical metallurgy, phase transformations, 
and failure mechanisms. CAM has a well-established metallurgy research capable of conducting both 
destructive and non-destructive metallurgical, chemical and physical characterizations. Therefore, CAM 
has full capabilities for metallographic preparation, from sectioning and mounting the specimen to the 
grinding and polishing stages to the tested material’s proper selection and etching techniques.

1.5 Nanotechnology
Nanotechnology, which includes operation and characterization of different materials on molecular or 
atomic levels to higher organized products, is another focus of CAM research areas. The products are 
fabricated from organized polymeric systems, nanocomposites, nanofibers, nanoparticles, nanosheets, 
and modified nanoscale surfaces with tailored and unique properties. Advanced technical set up is 
accommodated at CAM to characterize and evaluate nanotechnology fabrication processes and resulted 
products. Nanotechnology offers a broad range of research and applications containing advanced 
material fabrication processes for novel type of biomaterials, solar cells formation, (bio)sensing, surface 
modification to protect against corrosion, etc.
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1.6 Water Desalination 
With continued rapid population growth and economic development, water security is critical in the 
sustainable development agenda for the State of Qatar. In this context, CAM established the Water 
Technology Unit (WTU) in collaboration with Qatar Electricity and Water Company (QEWC) to become a 
strategic industrial research niche that covers seawater desalination. The specific research area includes, 
but not limited to, membrane fabrication and fouling control, Reverse Osmosis (RO), brine utilization 
and management, pre and post treatment, process hybrid with Forward Osmosis (FO), 
Pressure-Retarded Osmosis (PRO), (Reverse) Electro-Dialysis (RED/ED), Membrane-
Distillation (MD), and Capacitive Deionization (CDI).  In addition, WTU at CAM 
contributes to building the water technology infrastructure to analyze water 
samples from industry, gas/oil extraction facilities, and municipal wastewater.

1.7 Wastewater Treatment
CAM has been building a capacity to secure water by 
treating a variety of wastewater, such as urban and 
industrial, processed water from industries and produced 
water from oil/gas activities. Applying appropriate water 
treatment technology for obtaining the safe water 
quality level is subject to sustainable water management 
in Qatar, as per the Qatar National Strategy 2018-2022. 
Research topics, such as biological/chemical treatment 
process, sludge management, disinfection, removal of 
trace organic contaminants or heavy metals, synthesis 
and fouling control of membranes for wastewater 
treatment, and oil/water separation are intensively 
studied. These researches are supported by the 
combination of nanotechnology, renewable energy 
technology, environmental technology, and information 
technology (Machine Learning and Internet of Things 
(IoT)).
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1.8 Sensors
CAM research is also oriented on an investigation of multidisciplinary sensor research prospects. The 
CAM research is focused on nanomaterial-based fabrication (3D/4D printed) of sensing systems for 
diagnosis of diseases, corrosion, gas leak, agriculture process, energy saving IOT systems, and others. 
Through diverse sensors, sensors developed at CAM contributes to societal demands in important 
areas, such as safety, energy, economy, and sustainability. These sensors include the autonomous 
robotic vehicle for sensing and capturing harmful gases, continuous real-time hypoglycemia monitoring 
with wearable sensing gloves, bracelet model pulse sensor device for waste materials, Radio-Frequency 
Identification (RFID) sensors tags for real-time corrosion mapping of buildings, non-invasive method to 
determine the glucose level of diabetics, and neuromorphic tactile sensor for surgical tooltips.

1.9 Renewable Energy Resources 
Currently, renewable energy resources represents a major challenge worldwide because of the 
continuous depletion of fossil fuel reserves and the increased pollution and climate change associated 
with increased Greenhouse Gases (GHGs) emissions. In consideration of these facts, the race for 
alternate energy sources to replace or lessen the use of fossil fuels has risen. An electricity generation 
through the usage of inorganic and organic solar cells is an example of a research area at CAM to 
alleviate the dependence on non-renewable resources. In addition, CAM recent research is focused on 
the production of low-cost and efficient solar cells in order to build up thin film solar cells center.

1.10 Sustainable Construction Materials 
Qatar recently faces noticeable growing industrialization and urbanization. This growth is associated 
with remarkable increase in the consumption of construction materials and high production of 
industrial byproducts. In this regard, CAM has a sustained record of excellence in research related to 
the experimental and observational research in construction materials and sustainability. CAM research 
focuses on either incorporating industrial byproducts in traditional construction materials (concrete), or 
bringing innovative cement-free construction materials (geopolymer). Innovative construction materials 
developed at CAM are made from locally available raw materials in Qatar and are energy efficient. 
Thus, this leads to a more environmentally sustainable construction industry. CAM expertise deal 
with engineering evaluation including mechanical, physical, and durability properties for construction 
materials and reinforced concrete-based products.
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2.1 Water Technology Unit (WTU)
To enhance the water desalination research and collaboration with the water desalination industry, 
CAM established the Water Technology Unit (WTU) in partnership with Qatar Electricity and Water 
Company (QEWC). The idea of creating the unit is a result of realizing the importance of water security 
for Qatar, to cater to the local industry and community and become the hub for desalination research 
in the region. As Qatar desalination industry is shifting from thermal-based desalination to membrane-
based Reverse Osmosis (RO) desalination technology; there is a lack of local expertise in this field, 
since the RO desalination is a relatively new experience for Qatar. The focus of WTU is to assist with 
the  development of technological solutions and troubleshooting of RO desalination plants in order to 
contribute the water production of the nation. The focus of water desalination research at CAM and 
WTU is on the membrane-based desalination, such as Reverse Osmosis (RO) and Forward Osmosis 
(FO) systems. The specific research area will include, but not limited to, membrane fabrication and 
fouling control, RO brine utilization and management, pre and post treatment, zero liquid discharge, 
simulation and control of RO desalination plants, and optimization of process parameters. This research 
is at the forefront of integrating nanotechnology with existing water treatment practices with the goal 
of optimizing the efficiency of conventional water desalination and treatment technologies. In addition, 
the development of new nano-enhanced membranes, materials, and processes is covered by WTU 
at CAM. The goal of WTU is to build its capacity and develop local expertise to support the water 
desalination and treatment industry in Qatar. WTU also has been actively involved in the organization of 
training programs and cooperation with the industry for technical support and outreach activities. WTU 
accommodates advanced equipment in order to monitor water quality and materials performance for 
water desalination and treatment.

2.2 Surface Analysis
Atomic Force Microscopy (AFM): is a very high-resolution type of scanning probe microscopy, with 
demonstrated resolution about fractions of a nanometer, more than 1000 times better than the optical 
diffraction limit. It is the only system capable of imaging complex samples with very rough topographies at 
the nanoscale. Additionally, AFM set up is conducted with a Nano-Indenter appropriate for advanced and 
dependable nano/microscale surface characterization in terms of mechanical properties.

Automatic Contact Angle Measuring System: is a state-of-the-art optics, high-precision mechanical 
system, intelligent electronic controllers, and high-resolution video camera guarantee a precise, accurate, 
and highly reproducible image of a liquid drop and determination of surface energy, contact angle, and 
wettability of surfaces.

2. CAM Facilities
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Nano-Particle Size Analysis and Particles and Surface Zeta Potential: utilizes the measurement of the 
size, electrophoretic mobility of colloidal and protein solution, zeta potential of colloids and nanoparticles, 
the measurement of nanoparticles  mobility and micro rheology of protein, and polymer solutions. 

Microscopy Units: such as microstructure and macrostructure imaging of a sample with transmission 
or reflection modes offer valuable information on metallurgical, biological, and geological samples. 
Samples can be magnified up to 1000x and processed in the optical analyzer, with application of light 
polarization to provide respected data from performance by optical microscopes. Scanning electron 
microscopy (SEM-bench top system) is capable to magnify sample up to 60,000 x.

2.3 Chemical Testing
X-ray Fluorescence Spectroscopy (XRF): is widely used for the qualitative and quantitative elemental analysis 
of environmental, geological, biological, industrial, and other types of samples. It also provides fairly uniform 
detection limit across a large portion of the elements of the periodic table, generally restricted to elements 
heavier than sodium, and is applicable to a wide range concentrations from a 100% to few parts per million.

Nuclear Magnetic Resonance (NMR): is an equipment, which can determine the structure of small 
compounds and polymers, by chemical shift in spectra of proton atoms in molecules. This technique 
can be very selective, distinguishing among many different atoms within a molecule, or a collection of 
molecules of the same type that differ only in terms of their local chemical environment.

Total Organic Carbon (TOC) and Nitrogen (TON): allows determination of low concentration N of organic 
and nitrogen-based impurity in water samples. 
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2.4 Mechanical Testing
CAM is accredited in accordance with the recognized International standard ISO/IEC 17025:2017. The 
laboratories accreditation uses criteria based on the internationally accepted standard ISO/IEC 17025 and 
other technical program requirements developed with regulators and specifiers. Specialist technical assessors 
(A2LA, USA) conduct a thorough evaluation of all factors in the lab that affect the production of data. CAM is 
accredited for the following Mechanical testing methods:

• Tensile Testing of Metals, Alloys, and Plastics- ASTM - E8, D 6-38.

• Hardness Testing of Metals and Alloys - ASTM - E18.

Dynamic Mechanical Analyzer (DMA): is a system for dynamical testing and precise stress control over 
frequency, time and temperature. This instrument may operate over a wide temperature, ranging from -150 
to 600 °C, with maximal force 35 kN and maximal frequency 100 Hz. Data provides information on multiple 
modes of deformation including dual/single cantilever and 3-point bending, tension, compression and shear.

Tensile Test: with tensile instruments offers a broad-range of mechanical testing at CAM. The main principle of 
the tensile test is the resistance of a material to a tensile load applied axially to a specimen. Stresses, strains, 
percentage elongation and percentage reduction of area are all computed based on the original dimensions.

Slow Strain Rate Testing (SSRT): includes a tensile specimen, which is subjected to a steadily increasing stress 
in a given testing environment. This procedure results in rupture of surface films and thus tends to eliminate 
initiation time required for surface crack to form. The test is continued until the specimen fails. The ductility 
and strength parameters coupled with surface morphology of the fracture, provide information about the 
mode of failure.

Hardness Testing: is the measurement of hardness, which is a very useful non-destructive method for checking 
and determining the nominal strength of a material, and therefore, it is useful for checking the quality of 
various metallurgical treatments, such as heat treatment and cold working. A hard indenter is pressed into 
the specimen by a standard load with A,B,C scale with load up to 150 kg.

Compression Test: determines the behavior of the materials under crushing loads. The specimen is compressed 
and a deformation at various loads is recorded. Compressive stress and compressive strain are calculated and 
plotted as a stress-strain diagram, which is used to determine elastic limit, proportional limit, yield point, and 
yield strength.

Tribometer: is a unique heavy-duty tribometer that can go up to 5000N force/load with temperature range up 
to 800 °C is available at CAM. Floor standing with easy to interchange various modules and close loop down 
force control makes this Tribometer a powerful tool for determination of friction coefficients on traditional 
industries, such as coating, oil, lubricant, etc. 
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2.5 Material Characterization 
Differential Scanning Calorimetry (DSC): is a fundamental tool in thermal analysis. It analyzes a material’s 
heat capacity changes with temperature. By DSC system, a sample of known mass is heated or cooled, 
and the changes in its heat capacity are tracked as changes in the heat flow. The obtained information 
is used to understand amorphous and crystalline behavior, polymorph and eutectic transitions, curing 
and degree of cure.

Thermal Conductivity: consists of a Heat Flow Meter instrument that measures the steady-state heat 
transfer through flat materials. It also determinates the thermal conductivity, thermal diffusivity and 
specific heat capacity of solids, liquids, powders, pastes, and foams. In addition, with the special TPS 
sensors, it becomes possible to measure samples with a conductivity as low as 0.005 W/(mK) and as 
high as 1200 W/(mK) with high sensitivity in a wide range of temperatures up to 700 °C.

Melt Flow Index (MFI): is a system, which measures the capability of the melt flow of a thermoplastic 
polymer and composites. MFI is an indirect measurement of molecular weight and inversely proportional 
to viscosity of the material at the testing conditions.
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Broadband Dielectric Spectroscopy (BDS): consists of electrical permittivity, conductivity, and permeability 
spectra, which are fundamental material parameters. They can be all accurately and automatically 
determined by BDS from mHz up to GHz (15 decades).

Electrochemistry: consists of Accommodated Gamry Electrochemical set-ups allow a range of electrochemical 
processes, analysis, and performance. Bipotentiostat set-up, EIS and Cyclic Voltamperometry (CV) offer 
methods to sensing bio-molecules and provide electrochemical characterizations. In addition, they protect 
the structure by using galvanic anodes, which have a higher energy level or potential with respect to the 
structure to be protected or to control the corrosion of a metal surface by making it work as a cathode of an 
electrochemical cell.

Nondestructive Testing (NDT): is the determination of a specimen’s quality without impairing its intended 
application. The field of NDT is very broad and interdisciplinary that plays a critical role in assuring that 
structural components and systems perform their function in a reliable and cost-effective fashion.
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Weathering Testing: consists of Salt Spray Cabinet, Accelerated Weather and Autoclave, which serve 
as primary equipment for simulation of different environments to perform the testing. Environment 
and weathering influences are tested deeply at CAM and provide information on degradability, aging, 
and stability of materials. Intensity of light, effect of water, seawater, salts, and environment systems 
are simulated by pressurized spray, condensation systems, and degradation effects of light, which are 
simulated by UV irradiation. 

Erosion Testing: facilities provide the ability to modulate temperature, particle size, and flow for erosion 
testing. 

2.6 Material Preparation Workshop
Wet Chemistry Facilities: serve the practical and synthetic part of preparations and modifications of 
surfaces. These facilities contain several fume hoods with stirring abilities and instruments such as the 
rotary evaporator, rotary and ball mills, vacuum oven, furnaces, microwave generator, centrifuge, UV-
laps, ultrasonic generator and baths. 

Glove Box: is a system using inert and dry atmosphere as single station units is the highest quality 
for chemistry isolation techniques. The individually-controlled chamber is suitable for semiconductor, 
nanomaterial, and air-sensitive materials and research applications.

Plasma Treatment Facilities:  consists of corona plasma system with nominal power up to 300 W, 
and radio-frequency discharge plasma with nominal power up to 120 W, which are used for material 
treatment, cleaning and modification under atmospheric pressure - corona plasma, or under vacuum – 
radio-frequency plasma.

Spin Coating: is a system widely used to produce thin film layer by depositing a small drop of a fluid 
resin onto the center of a substrate, and then spinning the substrate at high speed (typically more than 
2000 rpm). CAM has advanced spin coater, which can modulate spin speed and time, acceleration, 
inertness, and exhausting.

Nanofiber Electrospinning Instrument: is system used for an electrospinning nanofiber formation. 
Electrospinning is a technique, in which polymer jet is charged subsequently under high potential, 
and collected on a grounded collector or a rapidly rotating collector producing different alignment of 
nanofibers.

Extruder: is a process to transfer a raw plastic material by melting and extrusion of plastic flow to 
continuous form dependent on die. This technique offers composite preparation by filament formation 
and subsequently palletization.
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Hot Compression: is a system that allows a forming process, where a plastic material is placed directly 
into a preheated metal mold, that it is plasticized by the heat and forced to form the shape of the mold. 
Automated hot plate system can be used at a temperature up to 350 °C with clamp force up to 30 tons 
to the sample.

Battery Assembly and Testing Unit: is a setup that provides the opportunity for a formation of battery 
with standard size, and subsequently, in battery array tests performance and durability even in harsh 
conditions.

2.7 Welding and Sample Preparation Workshop
All manual gas welding equipment, such as SMAW, GTAW, and GMAW. In addition to instruments for 
sample preparation and laser cutting, lathe machine, grinder, abraser, extruder, and polisher.
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