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Nanoscience and Nanotechnology Program
Vision :

The aim of the Bachelor's program in Nanoscience and Nanotechnology is to equip
graduates with a high level of scientific proficiency and laboratory experience. The
program is built upon the fundamental sciences of chemistry, physics,
mathematics, and biology. It provides an understanding of the science of matter at
the nano-scale and demonstrates how this knowledge can be applied to nano-
technological applications to meet the demands of the local, regional, and
international job market.

Mission:

Our mission is to advance education and research in Nanoscience and
Nanotechnology, addressing key challenges in agriculture, engineering, medicine,
and industry. By translating discoveries into practical applications, the aim is to
improve daily life and promote sustainable development.

Objectives:

1. Demonstrate a consistent understanding of nanoscale phenomena and explain
the variations in materials and systems between the nano, macro, and micro
scales.

2. Integrate knowledge of nanoscale phenomena and material properties with
principles and concepts from fundamental sciences.

3. Gain knowledge of the structure of matter at the nanoscale and the associated
physical, chemical, and biological properties of materials.

4. Acquire proficiency in nanoscale characterization techniques and the use of
various microscopy methods.

5. Develop nanomaterials using both top-down and bottom-up nanofabrication
techniques.



6. Work professionally, responsibly, and ethically in both classroom and
laboratory settings, both individually and in teams, while considering social
and cultural perspectives.

7. Possess knowledge of enabling technologies and key aspects relevant to
nanotechnology applications.

8. Encourage innovative and challenging Bachelor of Science projects in the
fields of biomedical, biotechnological, chemical, and industrial areas based
on nanoscience and nanotechnology.

9. Demonstrate the ability to develop or design systems, processes, procedures,
or nanomaterials to meet specific requirements.

10. Synthesize/fabricate and characterize various types of nanomaterials with
desirable properties for specific applications.

11. Raise awareness among students about the advantages and safeguards in
nanoscience and nanotechnology.

Examples of Career Opportunities:

e Research, development, and innovation in industries based on new scientific
and technical knowledge (biotechnology, microelectronics,
telecommunications, energy storage, new materials, etc.)

* Innovative applications in traditional industries (chemistry, pharmaceuticals,
biomedicine, ceramics, textiles, etc.)

* Management, control, and strategic planning of nanotechnological techniques,
processes, and products in industries such as electronics, telecommunications,
biomedicine, biotechnology, pharmacology, etc.

Similar Programs Nanoscience and Nanotechnology at the University of
Sydney:

Link:
https://www.sydney.edu.au/handbooks/science/subject areas/subject areas nz/nan
oscience nanotechnology.html



https://www.sydney.edu.au/handbooks/science/subject_areas/subject_areas_nz/nanoscience_nanotechnology.html
https://www.sydney.edu.au/handbooks/science/subject_areas/subject_areas_nz/nanoscience_nanotechnology.html

Nanoscience and Nanotechnology at the Universitat Autonoma de Barcelona:
Link: https://www.uab.cat/web/estudiar/ehea-degrees/general-
information/nanoscience-and-nanotechnology-
1216708259085.html?param1=1263367118156

General Program Rules: The program follows the general regulations for the
Bachelor's degree in the credit-hour system at the Faculty of Science, Cairo
University, along with any subsequent amendments

"The College Council is allowed to approve the opening of new elective courses
based on the request of the scientific departments and in accordance with the
advancements of the era.”


https://www.uab.cat/web/estudiar/ehea-degrees/general-information/nanoscience-and-nanotechnology-1216708259085.html?param1=1263367118156
https://www.uab.cat/web/estudiar/ehea-degrees/general-information/nanoscience-and-nanotechnology-1216708259085.html?param1=1263367118156
https://www.uab.cat/web/estudiar/ehea-degrees/general-information/nanoscience-and-nanotechnology-1216708259085.html?param1=1263367118156

The study plan

The study plan of major Nanoscience and Nanotechnology Program BSc.
Degree (136 Cr. hr.) includes:

(8) Cr. hr. University requirements
+ (YA) Cr. hr. Faculty requirements
+ (Y ++) Cr. hr. program courses (8Y Cr. hr. core courses +5 Cr. hr. auxiliary

courses + 6 Cr. hr. allied course + Y Cr. hr. Project + 3 Cr. hr. Training )

Faculty requirement:

Mathematics: 6 credithours (4 L+2T)
Physics: 6 credit hours (4 L +2 P)
Chemistry: 6 credit hours (4 L + 2 P)
Biology: 6 credit hours (4 L+ 2P)
Computer Science: 2 credit hours (1L+1P)

Nanoscience: 2 credit hours (2L)



University requirements:

Code Module cr.hr. | Lecture | Tutorial | Comp. | Elect.

NAU 1101 Computer Science 2 1 2 \
NAU 1102 English Language 2 2 i '
NAU 1203 | ntroduction to legal 2

studies )
NAU 1204 | History and philosophy ) ]

of science

4 4

NAU 1205 | Environmental culture 2 -
NAU 1206 | Critical thinking 2 -
NAU 1207 | Business ) ]

entrepreneurship
Total Credit hours (Cr. hr.) 4 hr/w Comp.+ 4 hr/w Elect. = 8 hr/iw
NAU 1103 Without

SOCIAL ISSUES

Cr. hr.




15t level — 15t semester

Code Name prerequisite | L | P/Tu | Cr | Comp. | Elect

NAC 1101 | General Chemistry | Y v v v

NAP 1102 | Physics | Y v v Y

NAM 1103 | Mathematics | \ \ v ¥

NAN 1104 | Introduction to 2 - 2 Y
Nanoscience and
Nanotechnology

NAB 1105 | Biology | 2 | 3 3 Y

Total Credit 14 Cr.hr. /w Comp + 4 Cr.hr. /w University requirements

hours (Cr. hr .)

=18 Cr.hr. /w

15t level — 2" semester

Code Name prerequisite | L | P/Tu | Cr | Comp. | Elect
NAC 1201 | General Chemistry 1l 2 3 3 3
NAP 1202 | Physics Il 2 3 3 3
NAM 1203 | Mathematics |1 NAM 1103 | 2 2 3 3
NAC 1204 | The Chemistry of NAC 1101 | 2 - 2 2
nanostructures
NAB 1205 | Biology Il 2 3 3 3
Total Credit 14 Cr. hr /w Comp + 4 Cr. hr, /w University requirements ( elct.)

hours (Cr. hr.)

=18 Cr. hr/w




2nd Jevel — 3t semester

Code Name prerequisite P/Tu | Cr | Comp | Elect
NAC 2301 | Organic Chemistry 2 - 2 2
NAC 2302 | Basics of 2 3 3 3
Biochemistry
NAN 2303 | Synthesis and NAC 1204 1 3 2 2
Processing of
Nanomaterials
NAM 2304 | Mathematical Tools | NAM 1203 | 2 2 3 3
NAB 2305 | Molecular Biology NAB 1105 | 2 3 3 3
NAC 2306 | Fabrication of NAN 1104 | 2 3 3 3
nanomaterials for
films and devices
NAC 2307 | Chemistry of NAC 1101 | 2 - 2
Elements 5
NAP 2308 | Advanced Classical | NAP 1102 2 - 2
Physics

Total Credit hours (Cr. hr.)

16 Cr.hr /w Comp + 2 Cr.hr. /w  Elect.
=18 Cr. hr. /w

2nd Jevel — 4t semester

Code Name prerequisite P/Tu | Cr | Comp | Elect

NAC 240) | Nano-materials for NAC1101 | 2 - 2 2
Energy Conversion
and Storage

NAC 2402 | Metabolic NAC 2302 | 2 3 3 3
Biochemistry

NAC 2403 | Nanomaterials for NAC 1201 2 - 2 2
biosensors

NAC 2404 | Nanocomposite NAC 2301 | 2 - 2 2
Science and

Technology




NAC 2405 | Analytical 3 3 3
Chemistry

NAB 2406 | Microbiology and NAB 1205 - 2 2
Immunology

NAC 2407 | Surface and NAC 1201 - 2 2
Catalysis

NAA 2408 | Economics and - 9
Business
Management 9

NAA 2409 | Scientific Writing - 2

NAP 2410 | Electronic NAP 1102 - 2
Instrumentation

Total Credit hours (Cr. hr.)) |16 Cr.hr/w Comp. +2 Cr.hr /w Elect.

=18 Cr. hr./w
3% level — 5™ semester
Code Name prerequisite P/Tu | Cr | Comp | Elect

NAC 3501 | Application of NAC 1204 - 2 2
nanomaterials for
water and
wastewater
treatment

NAB 3502 | Nanotechnology in NAB 2305 - 2 2
Biomedicine

NAC 3503 | volecular NAC 1101 - 2 2
spectroscopy

NAC 3504 Quantum NAC 1201 - 2 2
phenomena |

NAC 3505 | Analytical NAC 2405 - 2
Chemistry 1l

NAB 3506 | Bionanotechnology | NAB 2305 - 2 8

NAA 3507 | Computer Science | NAU 1101 2 2

NAA 3508 | Management and - 2




economics of
nanotechnology

NAP 3509

Solid state

NAP 2308

NAC 3510

Thermodynamics,
Kinetics and phase
transformations

NAC 1201

Total Credit hours (Cr. hr.)

8 Cr.hr/w Comp. + 8 Cr.hr /w Elect.
=16 Cr. hr /w

3t Jevel — 61 semester

Code Name prerequisite | L | P/Tu| Cr | Com. | Elect
NAN 3601 | Introduction to 1 2 2 5
Research
NAC 3602 | Properties of NAC 2407 2 - 2
Ceramic and Glass 2
Nano Catalysis
NAM 3603 | Simulation and NAM 2304 2 2 3 3
modeling for
nanoscale materials
and systems
NAC 3604 | Quantum NAC 3504 1 - 2
Phenomena I
NAP 3605 | Advanced NAP 2308 2 - 5
Nanophysics
NAN 3606 | Scientific and 1 2 2
Technical Project 8
Management
NAP 3607 | Semiconductor NAP 1202 2 - 2
Physics
NAB 3608 | Biomolecular NAB 3506 2 - 2
Nanoscience
NAT 3609 | Industrial Training Bass 63 - 9 3 3
Cr. hr.
Total Credit 7 Cr.hr/w Comp. + 8 Cr.hr/w Elect. + 3 Cr.hr/w training

hours (Cr. hr.)

=18 Cr. hr./w




41 level — 71 semester

Code Name prerequisite P/Tu | Cr | Comp | Elect
NAJ 4701 | Bachelor's Degree | Bass 90 Cr hr 9 3 3
Project |
NAN 4702 | Advanced Testing NAC 3503 2 3 3
and
Characterization
Techniques
NAB 4703 | Nanotoxicology NAB 2406 2 2
Cell and Tissue NAB 2305 2
NAB 4704 | Culture
Technology
NAP 4705 | Nano electronics NAP 1202 - 2
NAN 4706 | Information and - 2
Communication 8
Nanotechnology
NAC 4707 | Green Nanoscience NAC 2301 - 2
NAP 4708 | Advanced Solid- NAP 3509 - 2
State Devices
Total Credit 5 Cr.hr/iw  Comp. + 8 Cr.hr/w Elect. + 3 Cr.hr/w Project =

hours (Cr. hr.)

16 Cr. hr./w

41 level — 8% semester

Code Name prerequisite P/Tu | Cr | Comp | Elect
NAJ 4801 | Bachelor's Degree NAJ 4701 9 3 3
Final Project Il
NAN 4802 | Case Studies NAN 3601 2 2 2
NAN 4803 | Microscopy Lab NAN 4702 6 3 3

and Material
Characterisation
Techniques




NAN 4804 | ¢ rrent science 2 i
topics 2
NAA 4805 | Nanotechnology 2 - 5
and Society
NAA 4806 | Green 2 - 2 6
Entrepreneurship
NAN 4807 | Nanotechnology NAN 1104 2 - 2
applications in
environmental
science
Total Credit 5 Cr.hr/lw  Comp. + 6 Cr.hr/w Elect. + 3 Cr.hr/w Project

hours (Cr. hr.) | =14 Cr. hriw

Symbol:

NA | Program symbol | M | Math P | Physics B | Biology C Chemistry

U University N Nano- A | Allied J | Bachelor's | Cr. | Credit
Project hr. | Hour

L | Lecture Tu | Tutorial | P | Practical T | Training

Course Code | 0000 Level (1-4) | 0000 | Semester (1 —8) 0000 | Course No.




The study plan credit hours

Level | Semester | Compulsory | Elective é‘::;d) Training | Project Total
One 18 18
One
Two 14 4 18
Three 16 2 18
Two
Four 16 2 18
Five 8 6 2 16
Three
Six 7 8 3 18
Seven 5 8 3 16
Four
Eight 5 4 2 3 14
Total Cr.hr. 89 32 6 3 6 136
% 65.5 235 4.4 2.2 4.4 100

The structure and Components of the Program:

Courses’ group

Numbers of hours

Percentage %

Basic Sciences 28 20.6
Social and Human Sciences A 5.9
Specialty Sciences 73 53.7
Other Sciences 18 13.2
Training 3 2.2
Project 6 4.4
Total 136 100




15t level — 15t semester

Course Content
Code

NAC 1101 | General Chemistry I : ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

The main sections of the subject are:

- Atomic nature of matter - Atomic structure: quantum mechanics and electronic
configuration of atoms - The periodic table of the elements - Chemical Bond -
Intermolecular forces and states of the matter - Introduction to crystalline solids -
Introduction to the basic techniques of the chemical laboratory, learning the use of its
material and safety regulations and measures.

Laboratory practices: laboratory practices will be carried out so students will learn
basic operations of a chemical laboratory.

NAP 1102 | Physics I : ¥ hr/w (2 hr/w Lecture + 3 hr/w Practical)

Introduction: Measures and Units. Unit systems. Length, mass and time.
Fundamental quantities. - Kinematics: Movement of a particle. Speed. Acceleration.
Movement in one, two and three dimensions. - Dynamics: Newton's Laws. Linear
momentum and conservation of momentum. Forces and types of forces. Inertial and
non-inertial reference frame. - Work and energy: Impulse, work, energy and power.
Energy conservation. - Systems of particles: Conservation of linear momentum.
Centre of masses. Kinetic energy. Total energy and conservation. Collisions. -
Oscillations and Waves: Periodic motion, Mechanical Waves, Stationary waves,

Doppler effect




NAM 1103 | Mathematics I: 3 hr/w ( 2 hr/w Lecture + 2 hr/w Tutorial)

Survey of basic concepts of diffrential and integral calculus in one variable -
Ordinary differential equations. Separate variables, exact differential equations -
Taylor's formula - Series, power series and improper integrals - Differential calculus
in several variables - Integral calculus in several variables - Vector Analysis.

NAN 1104 | Introduction to Nanoscience and Nanotechnology

2 hr/w (2 hr/w Lecture)

This course addresses the following modules: the evolution of nanoscience; how to
reach the nanoscale dimensions of the materials; the chemical and physical properties
of nanomaterials — with the size matter; nanoparticles in the daily life; carbon-based
nanomaterials (unique structures and properties); imaging/tracking/manupilating
nanomaterials; the applications and usages of nanostructures.

NAB 1105 |Biology I : Y hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

Introduction. Organization of the prokaryotic and eukaryotic cells - Structure,
composition and functions of the plasma membrane - Extracellular

matrix. Composition and functions - Nucleus. Structure, components

and bidirectional nucleus-cytoplasm transport. Chromatin: composition, organization
and structure -Cytosol. Composition and structural organization. Functions of the
cytosol - Introduction to the intracellular compartments and the traffic of

proteins. Cell compartmentation. Intracellular protein trafficking -Endoplasmic
reticulum. Structure, composition and functions of the rough andsmooth endoplasmic
reticulum - Golgi apparatus. Structure, composition and function of the Golgi
apparatus. Basis of vesicular trafficking - Endosomes, lysosomes. Structure,
composition and functions - Mitochondria. Structure, composition and functions -
Peroxisomes. Structure, composition and function - Microtubules. Structure and
composition. Polymerization of the tubulin. Proteins associated with microtubules -
Actin microfilaments. Structure and composition. Polymerization of actin. Actin
binding proteins -Intermediate filaments. Structure and

composition. Polymerization Proteins associated with intermediate filaments -
Unions and cell adhesion. Type of cell unions. Cell adhesion: adhesion molecules -




Cell signaling. Basic principles of cell signaling - Cell cycle. Phases and control of
the cell cycle - Mitosis. Phases of mitosis and organization of the mitotic

axis. Cytokinesis - Meiosis. Phases of meiosis, synapse of chromosomes and genetic
recombination.

Classification of different life forms & life cycles

Practical lessons

Introduction to the optic microscope and the plant cell - The animal cell -
Introduction to the electronic microscope - Osmosis and simple diffusion - Mitotic
cell division - Meiotic cell division

1t level — 2™ semester

Course Content
Code

NAC 1201 | General Chemistry Il: ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

I- Homogeneous and heterogeneous equilibrium

Acids and Bases (I). Review of Arrhenius theory. Bronsted-Lowry theory. Self-
ionization of water and pH scale. Strong acids and strong bases. Weak acids and
weak bases. Polyprotic acids. Ions as acids and bases. Lewis’ acids and bases - Acids
and Bases (I1). Common ion effect in acid-base equilibria. Buffer solutions.
Indicators. Neutralization reactions and titration curves. Polyprotic acid solutions.
Calculations - Solubility and complexation. Solubility product and solubility.
Common ion effect. Total and partial precipitation. Solubility and pH. Complexation
equilibrium.

I1- Thermodynamics, kinetic and electrochemistry

Thermochemistry. Reaction heat and calorimetry. Work-energy. First law of
thermodynamics. Heats of reaction: AU and AH. Hess’ Law. Standard enthalpies of




formation. Calorimetric techniques - Spontaneity and equilibrium. Spontaneity and
Entropy. Second law of thermodynamics: Gibbs Energy. Relationship between Gibbs
energy and equilibrium constant. Prediction of chemical change. AG° and

Keq depending on the temperature - Principles of chemical equilibrium. Concept of
chemical equilibrium, expressions and relationships between the equilibrium
constants. The reaction quotient Q. Modifications of the equilibrium conditions: Le
Chatelier’s principle. Examples - Introduction to chemical kinetics. Reaction rate and
temperature. Rate measurement. Rate equations and order of reaction. Reaction rate
and temperature. Catalysis - Electrochemistry. Basic concepts: redox reactions.
Electrode potential and standard electrode potential. Relationship between E,

AG® and Keq. Energy variation with the concentration: Nernst equation. Batteries.
Electrolysis. Corrosion.

NAP 1202 | Physics I1: ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

-Electrostatics: Electric charge and Coulomb's law. Electric field. Discrete and
continuous charge distributions. Electric potential. The energy of a charge
distribution. Conductors.

- Magnetostatics: Electric current. Ohm's law. Magnetic induction field: Biot-Savart's
law. Lorentz force. Ampere's law. Displacement current.

- Materials: Electric dipole and magnetic dipole. Dielectrics. Polarization. Dielectric
constant. Magnetic materials. Magnetization. Types of magnetic materials.

- Slowly varying fields: Electromotive force. Electromagnetic induction: Faraday's
law. Mutual and self-inductance. Transformers. The magnetic energy of coupled
circuits.

- Electric circuits: RC, RL and RLC circuits.

- Electromagnetic waves: Maxwell equations. Electromagnetic waves.
Electromagnetic spectra.




NAM 1203 | Mathematics I1: ¥ hr/w ( 2 hr/w Lecture + 2 hr/w Tutorial)

1.Complex numbers : Complex numbers and their properties. Trigonometric and
polar forms. Operations with complex numbers. Roots of complex numbers.

2. Matrices: Resolution of systems of linear equations. Sum, product, and matrix
transposition - Elemental transformations. Reduction of a matrix to echelon form.
Rank of a matrix. Invertible matrices. Determinants.

3. Vectors in R™ Definition and examples. Vector structure of R". Linear dependence
and independence. Vector subspaces and generating systems. Basis, coordinates, and
dimension. Basis of the intersection and the sum of subspaces. Change of basis
matrices.

4. Linear maps: Definition and examples. Matrix representation. Composition.
Dependence of the matrix with respect to changes of basis. Kernel, image, and rank.
Calculation of basis of the subspaces kernel and image.

5. Diagonalisation: Eigenvectors and eigenvalues of an endomorphism. Characteristic
polynomial. Diagonalisation criteria.

6. Applications of diagonalisation: Sequences with linear recurrences. Linear
differential equations and systems of first order linear differential equations.

Prerequisite: NAM 1103

NAC 1204 | The Chemistry of Nanostructures: 2 hr/w ( 2 hr/w Lecture)

The main coverage of this course is to present a contemporary approach for the
scalable method of synthesis of nanomaterials. These include: precipitation methods;
hydrothermal and solvothermal methods; gas—phase synthesis of nano-
semiconductors; self-assembly in one- and two-dimensions; mesoscopic approaches
for size and shape control and special methods of synthesis such as nano-chemical
and phase control.

Prerequisite: NAC 1101




NAB 1205 | Biology Il: Y hr/w (2 hr/w Lecture + 3 hr/w Practical)

Structural organization in higher plants and microorganism cells structure, function
and physiology, Cell cycle and cell division in (mitosis, meiosis and mutations),
Mutations: types of mutations — factors inducing mutations — mechanisms of
mutations — mutation and biotechnology, Molecular bases of inheritance, Mandelian
inheritance, dominance and co-dominance, multiple alleles — inheritance of blood
groups — chromosomes and genes, Crossing over — six linked-disease, Genetics and
evolution, Genetic materials — structure of DNA & RNA, DNA replication —
transcription — translation — gene expression and regulation, Evolution: Evidence, for
biological evolution (comparative anatomy - emberyology and molecular evidences),
Mechanisms of evolution (Mutations, recomibination), Recombinant DNA
technology and application in agricultur, insulin, vaccins production-gene therapy,
Ecology and Environmentl-population interaction, mutualism, compitition, predation,
parasitism.

2" Jevel — 3t semester

Course Content
Code

NAC2301 | Organic Chemistry: 2 hr/w ( 2 hr/w Lecture)

Introduction (Lewis structures, resonance, coordinates and reaction profile) - Alkans
(Constitutional isomerism, optical isomerism, enantiomers, diastereoisomers) -
Halogenated derivatives (Structure and obtaining, nucleophilic substitution, reactions
SN1 and SN2, eliminations) - Alkene and alkynes (Bond, isomers, properties, reactions,
additions, oxidations) - Alcohols and ethers (Alcohols: structure and properties,
obtaining and reactions, oxidation of alcohols, ethers: properties, synthesis, epoxides) -
Aldehydes and ketones (The carbonyl group: structure and properties, obtaining
aldehydes and ketones, reactions of oxidation, reduction and addition, keto-enol
tautomerism) - Carboxylic acids and derivatives (Electronic structure, acidic character,
physical properties, obtaining, derivatives, esters, lactones) - Nitrogen derivatives
(Amines, properties, obtaining, ammonium salts) - Diens, polyens and benzene




(Electronic  structure, benzene-aromaticity, aromatic hydrocarbons, aromatic
electrophilic substitution) - Benzene derivatives (Ring reactions, effect of substituents,
nitrogen derivatives, phenols) -Polymers (Characteristics, obtaining, most important
polymers, structure and properties).

NAC 2302 | Basics of Biochemistry: ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

Introduction, Chemical elements present to living beings. The transformations of
energy to living beings and the laws of Thermodynamics. Proteins, Three-dimensional
structure of proteins. Structuring levels of proteins. Purification and characterization of
macromolecules. Separation methods, Relationship between structure and function in
proteins, Enzymes, Enzymatic mechanisms, Reactions bisubstrate, Carbohydrates.
Types of glucose and functions. Lipids and biological membranes. Types of lipids and
functions. Nucleic acids. Levels of organization. Nature and function. Nucleotides,
Secondary and tertiary structure of the RNA. Transfer RNA. DNA overgrowth. DNA
denaturation. DNA-proteins complexes: organization of the chromosome. Recombinant
DNA technology. Genomics and proteomics.

NAN 2303 Synthesis and Processing of Nanomaterials:
2 hr/iw (1 hr/w Lecture + 3 hr/w Practical)

Nanomaterials, namely nanoparticles and their corresponding aggregates are
synthesized in the form of colloids and nano-crystalline entities. This course will cover
the methods used for this task including: sol-gel method; wet chemical methods; vapor
and spray methods. The processing of nanomaterials will be detailed in terms of:
plasma processing and high-temperature curing methods. Further processing
approaches such as film formation, phase separation, the use of catalysts and molecular
beam epitaxy will also be given. Other methods such as mechanical alloying,
electrodeposition and etching will be explained.

Prerquisite: NAC 1204




NAM 2304 | Mathematical Tools: ¥ hr/w ( 2 hr/w Lecture + 2 hr/w Tutorial)

I. Ordinary differential equations: General properties. First order Equations.-Second
order linear Equations.- Systems of equations. Stability.

Il. Partial differential equations: Fourier series and Fourier transforms.- Separation of
variables.- Numeric solution schemes.

I11. Introduction to probability and statistics: Basic concepts. Conditional probability
and Bayes Theorem.- Random variables and Central Limit Theorem.- Estimators and
sampling distributions.

Prerequisite: NAM 1203

NAB 2305 | Molecular Biology: ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

Introduction: nucleic acids, structural levels, chemical structure and composition.

Replication: replication types, enzymes and binding proteins - Telomeres and
telomerases - Reverse transcriptase and retrotransposition.

Gene expression: Transcription, processing and translation.
Gene regulation
Mutations - Mechanisms of DNA repair. Defective repair systems and cancer.

Introduction to Molecular Biology: Restriction enzymes - Cloning techniques -
polymerase chain reaction (PCR) - Quantitative PCR - electrophoretic separation -
production of recombinant proteins - Genome editing with crispr/cas - genomics:
sequencing techniques. Dna fingerprinting. High-throughput genomic techniques.

Prerequisite: NAB 1105




NAC 2306 | Fabrication of nanomaterials for films and devices:

3 hriw (2 hr/w Lecture + 3 hr/w Practical)

This course will cover different techniques implemented for preparing thin films such
as chemical vapor deposition, physical vapor deposition (evaporation, sputtering,
pulsed laser deposition, electron beam, etc), and molecular beam epitaxy. In addition,
different techniques for enhancing the physical properties of materials will be covered.
This will include post-laser treatments, metal induced crystallization, thermal
treatments, etc.

Prerequisite: NAN 1104

NAC 2307 | Chemistry of Elements: 2 hr/w ( 2 hr/w Lecture )

General Perspective of the Periodic Table:

redox reactivity - Hydrogen - Alkaline and alkaline earth metals - Elements of
group - halogens - Noble gases - Elements of transition - The metals of the block f-
Introduction to coordination and organometallic compounds.

Prerequisite: NAC 1101

NAP 2308 | Advanced Classical Physics: 2 hr/iw (2 hr/w Lecture )

Systems of particles: Laws of conservation of a systems of particles - Collisions.
Laboratory reference systems and the centre of masses - Two-body system. Reduced
mass. Rigid solid: Rigid solid: rotation around a fixed axis. Moment of inertia - Moving
reference systems. Coriolis theorem -Rigid solid: Total and rotational kinetic energy.
Inertia tensor. Angular momentum of the rigid solid - Free rotation of a symmetrical
spinning top. Euler angles. Euler equations. Introduction to Analytical Mechanics:
Ligate systems: ligatures, degrees of freedom and generalized coordinates -
Formulation of Lagrange. Formulation of Hamilton. Maxwell equations: Maxwell
equations in homogeneous, isotropic, and linear media - Energyc relationships.
Poynting theorem.

Prerequisite: NAP 1102




2 level — 4t semester

Course Content
Code

NAC 2401 | Nano- materials for Energy Conversion and Storage:

2 hriw (2 hr/w Lecture)

Energy demand and its environmental impact are of prime importance to economic
sustainability. The backbone of realizing energy resourcing and storage advanced
materials. This course is dedicated to the design of well-structured materials and their
diverse application such as: catalytic materials for green energy production; new
photovoltaic materials; electrode materials for new generations of storage devices;
electrode materials and membranes for fuel cells and superconductors.

Prerequisite: NAC 1101

NAC 2402 | Metabolic Biochemistry: ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

Basic concepts of metabolism, Role of ATP in metabolism and other phosphorylated
compounds. Oxido-reductions in biochemical processes. Role of electron transporters
in the metabolism. Control and compartmentalization of metabolic pathways.
Mechanisms of enzymatic catalysis. Biosignaling mechanisms, Hormones,
neurotransmitters and other primary messengers Intracellular and membrane
receptors. Metabolism of carbohydrates, Degradation of glucose , Gluconeogenesis,
Synthesis and degradation of glycogen. Central routes of the oxidative metabolism:
Production of acetyl-CoA. Citric acid cycle. Energy performance and regulation.
Anaplerotic reactions. Glyoxylate cycle. Electronic transport and oxidative
phosphorylation,  Quimiosmotic  coupling, ATP synthase and oxidative
phosphorylation. Mitochondrial transport systems. Regulation of the oxidative
phosphorylation. Energy balance of oxidative metabolism. Photosynthesis, Basic
process of photosynthesis. Metabolism of lipids, Description and regulation route of
fatty acids oxidation. Metabolism of cholesterol. Metabolism of nitrogenous
compounds, Fate of the carbon atoms of the amino acids. Integration of metabolism.

Prerequisite: NAC 2302




NAC 2403 | Nanomaterials for biosensors: 2 hr/w ( 2 hr/w Lecture)

The course covers the fundamentals of nanomaterials and the advantages of their use
in biosensors. Nanomaterials of interest can be carbon-based, such as fullerenes,
carbon nanotubes, graphene, and graphene oxide or functionalized carbon
nanomaterial. Other nanomaterials as Quantum dots, nanostructured metals and metal
oxides, conducting polymers, molecularly imprinted polymers, surface plasmonic
nanostructured materials and possible benefits of application of hybrid
nanocomposites in development of biosensors will be discussed. Introduction to
sensors, static and dynamic characteristics, micro and nano sensors, biosensor,
microfluidics. Approaches involved in incorporation of nanomaterials in a biosensor
as electrodeposition, self-assembly and nanocomposites entrapment in bulky materials
will be presented with examples. Different classes of biosensors including
amperometric, voltammetric, impedimetric, immunoassay, aptamer, optical biosensors
will be explained based on their design and applications for detection of DNA,
enzymes, proteins and other important biomolecules. Finally, future developments in
biosensors and their commercialization are presented.

Prerequisite: NAC 1201

NAC 2404 | Nanocomposite Science and Technology : 2 hr/w ( 2 hr/w Lecture)

This course is designed to provide fundamental understanding of emerging
nanocomposite materials science and technology. The topical areas to discuss include
synthesis of various nanoscale reinforcements, such as nanowires, nanotubes, and
Inorganic nanoparticles; fabrication and processing techniques of nanocomposites;
dispersion of nanoreinforcements; interfacial adhesion; mechanical and functional
properties of nanocomposites including gas/moisture barrier characteristics, electrical
and magnetic properties, thermal properties and flame retardancy; molecular dynamic
simulations; design and applications of nanocomposites.

Prerequisite: NAC 2301




NAC 2405 | Analytical Chemistry | : ¥ hr/w ( 2 hr/w Lecture + 3 hr/w Practical)

Introduction and data processing: Objective of the Analytical Chemistry. Analytical
process. Methods of analysis: classical methods and instrumental methods.
Calibration protocols: external calibration, standard addition and internal standard.
Validation of an analytical method. Analytical quality parameters. Precision.
Accuracy. Sensitivity. Selectivity. Detection limit and quantification limit. Statistical
evaluation of analytical data. Experimental error, uncertainty and significant figures.
Significance tests: t and F. Univariable calibration methods: lineasr regression.

Introduction to chromatography:Introduction. Classification of chromatographic
techniques. Basic parameters.Gas chromatography. Instrumentation. Types of
columns. Stationary phases. Mass detector coupling. Application examples. High
resolution liquid chromatography. Instrumentation. Application examples

Classical chemical analysis :Quantitativeness of a reaction. Conditional constants.
Complexation volumes. Examples of applications. Sampling. Sampling statistics.
Sample preparation. Solid phase extraction (SPE).

NAB 2406 Microbiology and Immunology : 2 hriw (2 hr/w Lecture)

Microbiology

Structure and function of microbes (cellular structures, metabolism, and growth),
microbial ecology, microbial pathogenesis.

Introduction to microbiology - Levels of organization - The bacterial cell
Techniques of observation of microorganisms - Isolation and culture techniques of
microorganisms - Techniques of sterilization and conservation of microorganisms.

Practical lessons:
Types of media, ways of sterilization, isolation from different sources & subculture,

Growth curve (OD and dry weight), microbial pathogenicity, antimicrobial activities.




Immunology

Basic principles of immunology: innate immunity and acquired immunity. The
Immune system: anatomy, cells and molecules - Components of innate immunity.
Mechanisms of innate immunity. Connection between innate and acquired immunity
Components of acquired immunity. Mechanisms of acquired immunity. Immune
response to pathogens- Immunopathology. Pathologies of the immune system.
Pathologies that affect the immune response - Technologies related to the immune
response. Immunotherapy and immunomotion.

Prerequisite: NAB 1205

NAC 2407 | syrface and Catalysis: 2 hr/w ( 2 hr/w Lecture)

Introduction to surfaces: - Liquid surfaces. Surface tension. Techniques measure
surface tension. Capillary condensation.- Thermodynamics of interfaces. Gibbs
Isotherm.

Adsorption. Electrified surface: - Physisorption and chemisorption. Adsorption
isotherms. Gas adsorption. Adsorption kinetics. - Electrode solution interface.
Corrosion Electrolysis

Heterogeneous catalysis: - Mechanism. Bifunctional catalysts. Examples of
heterogeneous catalysis processes : Cracking Reforming. - Catalytic oxidation.
Structure and modification of solid surfaces:- Notation of surface structures.

- Superficial reconstruction.- Structure of adsorbed monolayers

Techniques of surface characterization: - . Elecgron Diffraction Techniques (ED)-
Spectroscopy AES, XPS.- Proximity microscopies: AFM, STM, SPM

Prerequisite: NAC 1201

NAA 2408 Economics and Business Management: 2 hr/w ( 2 hr/w Lecture)

Conceptual framework of the company

Nature of the company and business function - Economic principles and business
forms according to legal and socio-economic criteria - The relationship between




efficiency and business dimension. - The company and the economic system
Functional area of production: classic approach and management approach

Production function and cost function: Profit maximization in perfect competition -
The maximization of profits in supply monopoly - The management approach to
production, the break-even point and restrictions on production - Linear
programming in the company, resolution by the graphic method , solution by the
Simplex method

Functional marketing area : Commercial function in the company - Tools of the
commercial function - The product as a commercial policy instrument - Prices and
advertising as commercial policy instruments

NAA 2409 Scientific Writing: 2 hr/w ( 2 hr/w Lecture)

The primary objective of this Scientific Writing Syllabus is to equip students with the
necessary skills and knowledge to effectively communicate scientific concepts,
research findings, and theoretical perspectives in a clear, concise, and accurate
manner.

Enhancing understanding of the structure and style of various forms of scientific
writing, including research papers, review articles, abstracts, and grant proposals.

Developing the ability to critically evaluate scientific literature, identify key findings,
and synthesize information from multiple sources.

Cultivating the skills to present complex scientific data and concepts in a manner that
Is accessible to both scientific and non-scientific audiences.

Fostering the ability to write with precision, clarity, and coherence, while adhering to
the ethical standards of scientific writing.

Encouraging the development of effective editing and proofreading skills to ensure
the production of high-quality, error-free scientific documents.




NAP 2410 Electronic Instrumentation : 2 hr/w (2 hr/w Lecture )

1. Circuits Theory. Elements, variables and equations of electrical
circuits. Theorems of circuit theory. Properties, characteristics and dynamic
behavior of circuits with passive electrical components.

2. Basic instruments for electrical measures. Osciloscope. Multimeters. Power
supplies and waveform generators. Passive and active probes. Reduction of
noise and electromagnetic interference in measuring systems.

3. Circuits and systems for signal processing. Amplification, Filtering and
analog-digital and digital-analog converters.

4. Automation of measurement equipment. Main features and
limitations. Acquisition Cards. Virtual instrumentation: hardware and software.

Prerequisite: NAP 1102

3t Jevel — 5 semester

Course Content
Code

NAC 3501 | Application of nanomaterials for water and wastewater treatment:

2 hr/w (2 hr/iw Lecture)

Introduction of the main approaches involved water and wastewater purification such as:
chemical and physical adsorption, filtration, membranes, ultrasonication and
photocatalytic degradation. Introduction to the use of nanoparticles, nanomembrane and
nano powder for detection and removal of chemical and biological substances include
metals (e.g. Cadmium, copper, lead, mercury, nickel, zinc), nutrients (e.g. Phosphate,
ammonia, nitrate and nitrite), cyanide, organics. The use of metal-containing
nanoparticles such as TiO,, Silver Magnetite, carbonaceous nanomaterials and graphene,
zeolites and dendrimers for water treatment. Electrospun nanofiber membranes and their




Applications. Magnetic Recyclable Nanomaterials and their advantages, natural products
based adsorbents as sand, Rice husk, palm trees leaves..etc. Evaluation of the water
quality parameters and water quality index estimation.

Prerequisite: NAC 1204

NAB 3502 | Nanotechnology in Biomedicine: 2 hr/w ( 2 hr/w Lecture)

Basic concepts in nanomedicine: nanoparticles in biological environments,
biocompatibility, stability, and aggregation. Functionalization of nanomaterials and their
application to nanomedicine.

Nanomaterial administration routes, advantages and disadvantages, and obstacles to
overcome. Cellular traffic. Biological barriers. Smart nanomaterials: applications in
therapy and diagnostics. Theranostic nanomaterials. Nanomaterials and the immune
response.

Biosensors and integrated devices of medical interest. Biosensors: Biochips and
analytical devices, Biosensors Nanomedicine, Nanobiosensor, Nanofluidics,
Nanocrystals in Biological Detection, Electro-chemical DNA Sensors, Integrated
Nanoliter Systems. Clean rooms practice and environmental issues.

Nanoparticles for Molecular Diagnostics -Gold Nanoparticles -Quantum Dots for

Molecular Diagnostics Magnetic Nanoparticles -Use of Nanocrystals in
Immunohistochemistry -Imaging Applications of Nanoparticles Study of Chromosomes
by Atomic Force Microscopy-Applications of Nanopore Technology for Molecular
Diagnostics DNA-Protein and DNA—-Nanoparticle Conjugates. Nanoscience and
nanotechnology in medical imaging techniques. Basic fundamentals of the different
medical imaging techniques: Ultrasound, Magnetic Resonance Imaging, Computerized
Tomography, Positron Emission Tomography, Contrast Agents. Comparison of different
types of images. Future trends.

Nanosystems of transport and selective release of drugs. General concepts Relevant
physical-chemical characteristics of "drug delivery" systems. Nanotransporters used in
"drug delivery". Challenges in the synthesis of nanomedicines for "drug delivery".
Examples of products in the clinical phase and in the market.

Introduction and Rationale for Nanotechnology in Cancer Therapy -- Passive Targeting
of Solid Tumors: Pathophysiological Principles and Physicochemical Aspects of
Delivery Systems -Active Targeting Strategies in Cancer with a Focus on\Potential
Nanotechnology Applications -Pharmacokinetics of Nanocarrier-Mediated Drug and




Gene Delivery - Multifunctional Nanoparticles for Cancer Therapy- Neutron Capture
Therapy of Cancer: Nanoparticles and High Molecular Weight Boron Delivery Agents.
Nano-Oncology- Nanoneurology- Nanocardiology- Nano-Orthopedics- Nano-
Ophthalmology .

Prerequisite: NAB 2305

NAC 3503 | Mmolecular Spectroscopy: 2 hr/w ( 2 hr/w Lecture)

Introduction to spectroscopy: Populations of energy levels: Boltzmann's distribution
law. Electromagnetic radiation. Stimulated absorption and emission. Selection rule.
Spectrophotometer. Bandwidth. Radiation sources. Lasers. Fourier transform
spectroscopy.

Rotation and vibration spectra of diatomic molecules- Molecular symmetry - Group
theory - Vibration spectra of polyatomic molecules - Electronic spectra - Magnetic
resonance spectra .

Prerequisite: NAC 1101

NAC 3504 Quantum Phenomena I: 2 hr/w ( 2 hr/w Lecture)

The Bohr model - Wave-particle duality - Mathematical tools - The postulates of
Quantum Mechanics - The uncertainty principle - Some analytically soluble problems

Harmonic oscillator - Rigid rotor - Hydrogen atom - Angular momentum - Atomic
orbitals - Spin

The machinery: Many-electron atoms (the hellium atom) - Antisymmetry: the Pauli
Principle - Slater determinants - Approximation methods: variation theory and
perturbation theory.

Prerequisite: NAC 1201




NAC 3505 | Analytical Chemistry I1: 2 hr/w ( 2 hr/w Lecture)

Introduction to analytical spectroscopy: Electromagnetic spectrum. Matter radiation
interaction. Classification of spectroscopic techniques. Beer-Lambert's law. Molecular
spectroscopy. Classification. UV-Vis spectrophotometry. Luminescence. Optical
sensors. Immunoassays. Infrared spectroscopy: application to qualitative analysis.
Atomic spectroscopy. Classification. Atomic absorption spectroscopy. Emission
spectroscopy: flame and ICP.

Introduction to electrochemical analysis: Potentiometry. Indicator electrodes. Reference
electrodes. Selective electrodes. Sensors and biosensors. Amperometry. Voltametry.
Basic concept of the amperometric curves. Example of blood glucose control.

Prerequisite: NAC 2405

NAB 3506 | Bionanotechnology: 2 hr/w ( 2 hr/w Lecture)

This course covers the use of various nanostructures for ultrasensitive detection of DNA,
bacteria and viruses. Recent techniques for detection of single biomolecules that offers
superior advantages over the conventional bulk measurements will also be presented.
This course will also cover the use of different nanoparticles such as nanocrystals and
gold nanoparticles for optical imaging, as hyperthermia agents for cancer therapy, and
the development of smart drug delivery nanocarriers.

Prerequisite: NAB 2305

NAA 3507 | Computer Science : 2 hr/w (1 hr/w Lecture + 2 hr/w Tutorial)

Fundamentals of Programming:

Number systems. Algorithms and flowcharts. Expressions and statements. Control
structures: if statement (logical connectives, logical expressions, and formulas), loops.
Functions and library functions. Recursions. Arrays. Pointers and strings. Structures.

Prerequisite: NAU 1101




NAA 3508 | Management and Economics of Nanotechnology:

2 hriw (2 hr/w Lecture)

The course will discuss various aspects of management and economics of
nanotechnology. It would include: (1) Nanotechnology’s role in society and particularly
within a fast changing world. (2) Nanotechnology is the next big driver of wealth
creation within corporations and countries. (3) Product and Production
Nanotechnologies, (4) Enhancing creativity and managing innovation in the context of
nanotechnology. (5) Nanotechnology Life Cycles (The Curves of Technological
Progress, Nanotechnology & Market Interactions and Products & Process Life Cycles)

NAP3509 | solid State : 2 hriw ( 2 hriw Lecture)

Introduction - Properties of solids (thermal, conduction, optical, magnetic...)- Crystal
structure - Electrons in solids- Free electrons - Nearly free electrons - Electrons in
periodic potentials - Band structure- insulators, metals, semiconductors - Semiclassical
model for conduction - Magnetism and magnetic properties: Para- and dia- magnetism -
Spontaneous order - Domains and hysteresis - Micromagnetic modeling.

Prerequisite: NAP 2308

NAC 3510 Thermodynamics, Kinetics and Phase Transformations:

2 hriw (2 hr/w Lecture)

Classical thermodynamics: 2nd and 3rd principles of thermodynamics - Spontaneity and
equilibrium. Gibbs free energy. Thermodynamics of phase equilibria: System stability
and stability conditions - Equilibirum of phases in pure substances - Phase equilibria in
multicomponent systems. Transport phenomena: Kinetic theory of gases. Flow.
Effusion. Thermal conductivity. Viscosity - Transport in solution: diffusion, migration
and convection. Laws of Fick, Ohm and Kohlraush. Principles of hydrodynamics.

Homogeneous chemical kinetics: Reaction rate. Rate equation. Order and molecularity.
Integration of equations of integer order. Effect of temperature - Complex reactions.
Reaction mechanism. Opposite, parallel and consecutive reactions. Approximate




methods. - Homogeneous catalysis. Acid-base. Red-ox. Enzymatic.

Prerequisite: NAC 1201

3t Jevel — 6™ semester

Course Content
Code

NAN 3601 | Introduction to Research :

2 hriw (1 hr/w Lecture + 2 hr/w Tutorial)

The course is designed to offer students an in-depth understanding of research design and
methodology and train them in creating a study plan and critically assessing scientific literature. This
course will provide students with the body of theoretical knowledge and practical skills of scientific
research.

The course includes : Concepts in international journal and scientific publication - Introduction to
data and statistical analysis - Ethical issues - Useful websites and applications for researchers -
Plagiarism and paraphrasing - The journey of paper submission and reviewing - Poster presentation
and important tips to participate in a conference.

NAC 3602 | Properties of Ceramic and Glass Nano Catalysis:
2 hriw (2 hr/w Lecture)

Description: This course is designed to provide students with an understanding of the
fundamental properties of ceramic and glass nanomaterials and their applications in
catalysis. The course will include the fundamentals of ceramic and glass nano
catalysis, the properties of different types of ceramic and glass materials, and their
applications in catalysis. The course will also describr the synthesis and
characterization techniques for ceramic and glass nanomaterials with controllable
morphology and porosity.

Course Outline: Introduction to Ceramic and Glass Nanomaterials, Physical and
chemical poperties of Ceramic and class-based Materials, Types of Ceramic and Glass




Nanostructyre Catalysts, Techniques for facile preparation of Ceramic and Glass
Nano Catalysts, Characterization Techniques for Ceramic and Glass Nanomaterials,
Applications of Ceramic and Glass Nano Catalysis in Energy conversion, water
treatment and Environment protection, Applications of Ceramic and Glass Nano
Catalysis in Chemical Industry, Applications of Ceramic and Glass Nano Catalysis in
Biomedical Field, Future Prospects of Ceramic and Glass Nano Catalysis

Prerequisite: NAC 2407

NAM 3603 | Simulation and Modeling for Nanoscale Materials and Systems

3 hriw (2 hr/w Lecture + 2 hr/w Tutorial)

Principles of modeling structures and processes at the nanometer scale, including
meshing techniques, finite element analysis, and molecular dynamics. Simulation of
Materials Science-based or Mechanics-based modeling methods employed; mechanical
response of nanostructured materials; Modeling methods including electronic structure,
molecular dynamics and Monte Carlo techniques are included.

Prerequisite: NAM 2304

NAC 3604 Quantum Phenomena I1: 2 hr/w (2 hr/w Lecture)

Molecular electronic structure - The Born-Oppenheimer approximation - Molecular
orbital approximation (MO) - The Hartree-Fock Self-Consistent Field Method (HF-
SCF) - The selection of basis set - Electron correlation

- Beyond the Hartree-Fock approximation: post-HF methods - Density Functional
Theory (DFT)- Exchange-correlation functionals - Errors and accuracy in
computational chemistry.

Applications : Molecular modeling - Models and approximations - Atomistic
simulations - What can be computed? - A chemical reaction in the computer: the
Potential Energy Surface (PES).- Simulation of complex systems. Hybrid QM/MM
methods.- What we get from calculations: real examples.

Prerequisite: NAC 3504




NAP 3605 | Advanced Nanophysics: 2 hriw (2 hr/w Lecture)

Nanophysics fundamentals, physics of nanostructures, crystalline nanostructures,
Light: Electromagnetic waves. Plane waves. Polarization - Interferences and
diffraction. light-matter interaction on the nanoscale, quantum nanostructures,
diffraction and scattering from nano objects.

Prerequisite: NAP 2308

NAN 3606 | 5iientific and Technical Project Management:

2 hriw (1 hr/w Lecture + 2 hr/w Tutorial)

Introduction Project Management - Selection of Projects - Project Life Cycle - Time
Management - Cost Management and Sustainability - Management of
Communications - Project Scope Management - Management of Integration - Risk
management - Management of Human and Gender Resources - Quality Management -
The figure of the Project Manager - Methodology

NAP 3607 | Semiconductor Physics: 2 hr/w (2 hr/w Lecture)

This course will cover three main topics namely: Near-equilibrium transport in the
presence of small gradients in the electrochemical potential or temperature, with or
without the application of a small magnetic field.Physics of carrier scattering and how
the microscopic scattering processes are related to macroscopic relaxation times and
mean-free-paths. High-field transport in bulk semiconductors and “non-local” transport
in sub-micron devices.

Prerequisite: NAP 1202

NAB 3608 | Biomolecular Nanoscience: 2 hr/w (2 hr/w Lecture)

Introduction. Characteristics of biological molecules and biological

machines. Biological engines. Introduction to synthetic molecular machines and their
comparison with biological ones. Nanomechanical properties of nucleic

acids. Ribosomes as cellular synthetic machines. Biomolecular machines. Myosin,




kinesin and dynein. microtubules ATP synthases and ATPases. Bacterial

flagella. DNA- and RNA-polymerases. Other protein-based motors. Design of
nanomaterials based on the self-associative properties of biomolecules. DNA as a
building material. Nanomaterials based on peptides, liposomes, magnetosomes, virus-
like particles.

Prerequisite: NAB 3506

41 level — 7t semester

Course Content
Code

NAJ 4701 | Bachelor's Degree Project I: ¥ hr/w ( 9 hr/w Practical)

Each student will carry out the Bachelor Project in the field of nanotechnology under
the supervision of one or two supervisors. In addition, the subject will have a
coordination team whose composition will be agreed by the Coordination of the
Nanoscience and Nanotecnology Program. The team presents the aim and the
methodology at the end of the 7*" semester.

Prerequisite: Bass 90 Cr. hr.

NAN 4702 | Advanced Testing and Characterization Techniques:

3 hr/w (2 hr/w Lecture + 2 hr/w Tutorial)

Experimental techniques in the study of materials including quantitative measurements
for the characterization of micro and nanostructured bulk and thin film materials using
optical, electron and atomic force microscopy; Secondary ion mass spectroscopy
(SIMS), Auger Electron Spectroscopy (AES), Rutherford Backscattering (RBS); EDX;
X-ray diffraction and differential scanning calometry for thermal analysis. Advanced
and conventional testing techniques for characterization of the physical, optical,
magnetic and mechanical properties of micron and Nanomaterials and devices.




Prerequisite: NAC 3503

NAB 4703 | Nanotoxicology: 2 hr/w (2 hr/w Lecture)

Introduction, Target organ toxicity of nanoparticle (Respiratory system
Gastrointestinal system) , Absorption, distribution, metabolism and excretion of
nanoparticles , Adme of nanoparticle via gastrointestinal tract, Adme of
nanoparticles via skin, Cytotoxicity of nanoparticles , The interaction of metallic and
metal oxide nanoparticles with cells, The cytotoxicity of the metallic nanoparticles
and the possible mechanism, Molecular toxicology of nanoparticles, The interaction
of nanoparticles with dna, The interaction of nanoparticles with proteins

Prerequisite: NAB 2406

NAB 4704 | Cell and Tissue Culture Technology: 2 hr/w (2 hr/w Lecture)

Introduction: the use of animal cell cultur , What is cell culture?Why grow animal
cells in culture? The advantages and disadvantages of using cell culture, The history of
cell culture, Basic equipment and laboratory design: what you need to get started in
cell culture, Laboratory design ( Biosafety/laminar flow cabinets, Co, incubators,
Laboratory-scale culture vessels and flasks)

Introduction to plant cell and tissue cultures - Sterile and aseptic technique - Cell and
tissue culture media - Cell differentiation - Secondary metabolism in plant cells -
Strategies to enhance yield and productivity of plant secondary metabolites in in vitro
cell/tissue cultures - large scale in vitro production of high value phytochemicals -
Bioreactors design and Scale-up considerations in plant cell/tissue cultures

Prerequisite:  NAB 2305

NAP 4705 | Nano electronics: 2 hriw (2 hriw Lecture)

Semiconductor physics and electronic transport - Charge and fields - Band diagrams
and density of states -  Electronic transport in  semiconductors
PN junction diode: Electrostatic of the PN junction in equilibrium - PN Union out of




equilibrium. Currents - Simple circuit applications: trimmers, rectifiers, etc.

Bipolar transistor: Types of transistors. Bands diagrams - Current-voltage curves. -
Simple circuit applications:  polarization, logic gates, amplifiers, etc.
MOSFET transistor: The MOSFET structure - Types of current-voltage transistors
and curves - Simple circuit applications: logic gates, amplifiers, CMQOS circuits
Photonic devices: Properties of light. Light-matter interaction - Light emitters: LEDs
and LASERs- Light detectors: PIN and solar cells
From microelectronics to nanoelectronics:  More Moore. Scaling from MOSFET.
Short channel effects,...- Beyond CMOS: tunnel devices, quantum dots, single-electron
devices, graphene, spintronics, molecular electronics.

Prerequisite: NAP 1202

NAN 4706 Information and Communication Nanotechnology:

2 hriw (2 hr/w Lecture)

Electronic transport and simulation of electronic devices: Foundations of
semiconductor devices. Effective mass equation. Boltzmann transport equation. Monte
Carlo simulation of transport in devices.

Charge based nanoelectronic devices: The MOS transistor. Evolution of
semiconductor device technology (ITRS and IRDS). Memories. Quantum effect
devices (RTD, point contacts). Single electron devices. Advanced field effect devices.
Molecular electronics.

Photonic and optoelectronic devices: Isomorphism between Maxwell and Schrodinger
equations. Photonic crystals, defects, waveguides and Anderson localization. Optical
transitions and selection rules in semiconductors. Lasers basead in nanostructures
(quantum well and dot, VCSELSs, quantum cascade...). Entangled photons for quantum
cryptography. Nanophotonics and the market.

Spin based nanoelectronic devices: Dynamics of single spins and spins in solids. Spin
valves and giant magnetoresistance. Hard drive read heads, circuit couplers. Spin-
transfer torque. Magnetic RAM memories (MRAMS). Spin injection into




semiconductors. Spin relaxation mechanisms in semiconductors. Spin transistors. Spin
based quantum computing.

NAC 4707 | Green Nanoscience 2 hr/w (2 hr/w Lecture)

This course will provide an overview of the principles and applications of green
nanotechnology, which is the design and development of environmentally friendly
nanomaterials and Nano devices. The course will cover the fundamentals of
nanotechnology, with an emphasis on the design and synthesis of nanomaterials that
are sustainable, non-toxic, and energy-efficient. The course will also explore the
various applications of green nanotechnology, including in energy production, water
treatment, and biomedicine.

Course Topics: Principles of Green Chemistry and Engineering, Synthesis and
Characterization of Green Nanomaterials, Applications of Green Nanotechnology in
Energy Production, Applications of Green Nanotechnology in Water Treatment,
Applications of Green Nanotechnology in Biomedicine, Environmental and Safety
Considerations in Green Nanotechnology

Prerequisite: NAC 2301

NAP 4708 | Advanced Solid-State Devices: 2 hr/w ( 2 hr/w Lecture)

This course covers crystal structures, band gap theory, ionic equilibrium theory,
fundamentals of carrier transport, compound semiconductors I11-V. This course will
make special emphasis on the properties of various types of junctions (p-n junctions,
heterojunctions, metal-semiconductor junctions) leading to various electronic devices
such as field effect transistors (FETs), metal oxide-semiconductor FETS (MOSFETYS),
high electron mobility transistors (HEMTS), etc. Short Channel effects and nanoscale
phenomena will be emphasized throughout the course and their impact on device
modeling in analog and digital circuits.

Prerequisite: NAP 3509




4% level — 8™ semester

Course Content
Code

NAJ 4801 | Bachelor's Degree Final Project I1: ¥ hr/w (9 hr/w Practical)

The supervisor and the student will agree on the tasks once the topic of the project
has been approved by the Coordination of the Nanoscience and Nanotecnology
Program.. The director will facilitate access to basic documentation and experimental
lab.. The approximate duration will be one semester. The evaluation of the project
will be carried out at the end of the 8" semester.

Prerequisite: NAJ 4701

NAN 4802 | Case Studies: 2 hr/w ( 1hr/w Lecture + 2 hr/w Tutorial)

In this course, students present, discuss and suggest solutions to industrial problems.
Prerequisite: NAN 3601

NAN 4803 | Microscopy Lab and Material Characterisation Techniques

3 hriw (1 hr/w Lecture + 6 hr/w Practical)

- Atomic Force Microscopy. AFM.:Theory. Introduction to the foundations of the
AFM microscope. Modes of work, lateral and vertical resolution, convolution
concept. Advantages and limitations.

Laboratory Practice. Observation of surfaces of different materials, study of
topography, roughness, defects, ordering.

- Scanning Tunneling Microscopy - STM.:Theory: Introduction of the tunnel effect.
Piezoelectric Materials. Foundations of STM microscopy. Modes of work,
advantages and limitations.-Laboratory Practice. Use of a teaching STM Equipment.
Analysis and interpretation of surface images obtained with graphite, gold and
molybdenum disulfide samples.

- Electronic Microscopy. SEM / TEM.:Theory. Introduction to electron




microscopies. Applications in the field of materials science and

nanotechnology. Visit to the microscopy service of UAB.-Virtual Practice. Virtual
practice Analysis of the surface microstructure of different materials using
SEM/TEM microscopes. Interpretation of the data.

- Surfaces and surface treatments.: Theory: Introduction to the concepts of ideal
surface, functionalization, surface treatments. Concepts of wettability,
hydrophobicity and hydrophilicity.

Laboratory Practice. Physical and chemical treatments of various surfaces,
observation and discussion of the effects of the treatment on the wettability of the
surfaces.

- Vacuum technology.:Theory: Definition of vacuum and its applications. Concepts
of kinetic theory of gases, residual gases, Mean Free path, formation time of a
monolayer, pumping rate, conductance.

Online practice: Videos and exercices about the use and familiarization with an
experimental laboratory of medium vacuum set-up

- X-ray diffraction.:Theory: introduction to crystallography. Reticular theory.
Crystalline structures. Miller index. Geometry Bragg-Brentano. X-ray diffraction.
PC practice. Use of the CaRIne Crystallography Program for the study of crystalline
structures and obtaining of powder diffraction diagrams. Crystallochemical
analysisof structures (link distances, coordination number, etc.). Use of the PDF
database (Powder Diffraction File), of the ICDD (International Center for Diffraction
Data) for the identification of phases

Prerequisite: NAN 4702

NAN 4804 | current science topics: 2hr/w (2 hr/w Lecture )

The subject is structured around a series of lectures given by renowned specialists in
the different subjects.

NAA 4805 | Nanotechnology and Society: 2 hr/w ( 2 hr/w Lecture)

Nanotechnology in perspective: Why nanotechnology has grown so rapidly?- Role of




policymakers. Promoting technology transfer from universities and research institutes
to private sector.- National initiatives. -2030 Challenge: Knowledge-based
economy. Scientific development of nanotechnology- Advanced materials-
Technological development of nanotechnology - Economic growth of
nanotechnology- Analysis of indicators - Nanotechnology and society- Public health,
safety and environmental protection and consumers.-Regulations- Investment in
human resources- education, training and employment opportunities.-Integration of
the social dimension -public concern and science communication. Observatory on
nanotechnologies. Ethics and nanotechnology

NAA 4806 | Green Entrepreneurship: 2 hr/w ( 2 hr/w Lecture)

Introduction to Entrepreneurship - Sustainable Business Models - Identifying Green
Business Opportunities - Developing a Business Plan for a Green Enterprise - Legal
and Regulatory Frameworks for Green Businesses - Financing Strategies for Green
Entrepreneurship - Marketing Strategies for Green Businesses

NAN 4807 | Nanotechnology Applications in environmental science:

2 hriw (2 hr/w Lecture)

This course is intended to offer an understanding of the fundamentals of
nanotechnology and its application in environmental science. It explains how to
apply these materials to overcome, nanomaterials risk to human health, pollution
(water, gas, and soil), chemical toxins, agricultural and urban waste management,
water scarcity, green energy, climate change and crop farming challenges.

Prerequisite: NAN 1104
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NAU 1101 Computer Science

Introduction to Computer Science- Overview of computer science and its
applications- Computer systems and architecture- Introduction to programming
languages and software development- Programming Fundamentals- Basic
programming concepts and constructs- Variables, data types, and operators- Control
structures: loops and conditionals- Functions and modular programming- Data




Structures and Algorithms - Introduction to data structures: arrays, lists, and
dictionaries - Algorithms: searching and sorting- Recursion and its applications -
Introduction to algorithm analysis and complexity - Object-Oriented Programming-
Principles of object-oriented programming (OOP)- Classes, objects, and inheritance-
Encapsulation, polymorphism, and abstraction- Application of OOP concepts in
problem-solving- Ethical and Social Issues in Computer Science- Privacy and data
security- Social implications of technology- Intellectual property and copyright
issues

NAU 1102 | English Language

Introduction - Importance of Scientific English- Vocabulary and Terminology -
Structure and Organization of Scientific Papers - Grammar and Syntax - Academic
Writing Style - Reading and Understanding Scientific Literature- Presenting and
Communicating Scientific Research - Resources for Enhancing Scientific English
Skills.
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