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COURSE: COMPUTATIONAL CHEMISTRY
STUDIES: 2nd cycle Degree in Chemistry
CODE: 32053

TYPE: O YEAR: 5th TERM: 1
CREDITS (hours/week): 4,5

ECTS CREDITS: 4

PROFESSOR: Jordi Teixid6 Closa
LANGUAGE: Catalan

PREREQUIREMENTS: Chemical bond and Matter structure, Linear Algebra, Mathematics,
Digital Calculus, Data processing fundamentals, Differential Calculus, Chemiometry, Physical
Chemistry (Advanced), inorganic Chemistry, Biochemistry, Organic Chemistry (Advanced)

PREVIOUS KNOWLEDGES: The corresponding to prerequirement courses, in particular the
acquired as mathematics, statistics, optimisation, quantum mechanics and spectroscopy
fundamentals.

COURSES THAT HAVE TO BE STUDIED SIMULTANEOUSLY:
COURSE DESCRIPTION:

Together with Theory and Experiments, Simulation (modelization) is the third
milestone of scientific knowledge. From nineties, the evolution of computers has
allowed the useful and effective incorporation of modelization in the chemical
environment. Computational Chemistry.

Computational Chemistry is an area of multidisciplinary knowledge. Different areas
like Data Processing and Documentation, Mathematics (optimisation, operator
algebra, calculus, differential equations, etc.), Physics and Physical Chemistry,
Quantum chemistry, biochemistry, organic, inorganic and analytical chemistry and
even engineering tend towards it. It is foreseen to give a global view of Chemistry
from the perspective of modelization as principal axis of all the knowledges
acquired during the studies.

COURSE OBJECTIVES:

1. Give the students the knowledges of Computational Chemistry for the practice of
Chemistry [1, 5, 7].

2. Teach to combine the advanced techniques of modelization, characteristic of
Chemistry, with the appropriate computational support, as well as to develop
simulations that favour the comprehension of theoretical and experimental concepts [1,
2,3,5].

3. Teach to analyse and understand phenomena and processes by means of individual or
team simulation [2, 3, 5, 7].

CONTENTS:
0.- Introduction
Computational Chemistry. Definition. Classification, Simulation

1.- Computers and graphics.
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1.1 Evolution of Data Processing. From PC to supercomputers. Effective calculus.
Programs in Computational Chemistry

1.2 Molecular representations 1D, 2D y 3D. Smiles, Z Matrix.

1.3 Visualization. Molecular graphics
1.4 Data base. Substructural searches. Internet

2.- Quantum mechanics.
2.1 Principles of quantum mechanics. Operators
2.2 'ab initio' methods Hartree-Fock. Bases. Analysis of orbital populations.
2.3 Post-HF methods
2.4 Semiempyrical methods. Parameterizations

3.- Molecular mechanics
3.1 Field of forces. Parameterisations.
3.2 Mixed methods QM/MM

4.- Optimisation, The problem of minimum. Conformational space. Simulation.
4.1 Optimisation algorithms. Simplex, Steepest Descent, Conjugate Gradient, ...
4.2 Reaction coordinates. Transition states
4.3 Conformational analysis. Systematic scanning.
4.4 Random scanning. Montecarlo-Metropolis.
4.5 Molecular dynamics. Ergodic hypothesis.
4.6 Simulated cooling.
4.7 Liquids, solids and solutions.

5.- Molecular properties. Descriptors.
5.1 Observable and non observable
5.2 Geometry. Spectroscopy. Loads,
5.4 Molecular surfaces. Orbitals, maps of electrostatic potential
5.5 2D and 3D descriptors. Fingerprints, topologic, pharmacophore keys, molecular fields
5.6 Analogy (Similitude). Distance.

6.- Chemiometry and QSAR.
6.1 Traditional discovery of drugs. Free-Wilson. Topliss,...
6.2 Rational design. Classical QSAR. Hammett, Hansch,...
6.3 Statistical tools. Multivariate analysis: MLR. PCA, PLS, DA, Clusters,... Validation..
6.4 3D-QSAR. CoMFA/GRID, Pharmacophore
6.5 Direct methods. Docking, Ligand Design, ...
6.6 Combinatory Chemistry, Management and selection of literature, Filtering(druglike,
admet),...

7.- Real cases and practices.

METHODOLOGY:

On one hand, the course is lectured in master classes in a 50%, where the most relevant
parts of the material previously supplied to the student are discussed. There are multimedia
and simulation tools that improve the visualization and comprehension of the different
subjects. The another 50% of the time is dedicated to practical sessions with personal
computer where the student must analyse and solve individually some questions of
modelization. At the same time, the student can make additional exercises trying to analyse
and solve them individually at home. The objective is that the student consolidates his skill to
manage the concepts he has learnt.
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EVALUATION:

Exams

Works done at home

Reports

Practical works with computer
Participation in class

“omo»

The student must make a scheduled final exam and prepare the reports requested for each
of the practical works done in the practical sessions or at home, using the computer. Final
gualification is the weighed average sum of the qualifications obtained in the exam, works,
reports and participation in class.

CRITERIA FOR RESULTS EVALUATION:

Objective 1:

e The student must show ability to project, differentiate and apply the advanced
simulation techniques and use them appropriately to solve chemical problems [A, D,
E, G,J].

Objective 2:

e The student must show inductive-deductive skill to understand /solve /discuss
multidisciplinary questions and to know how to make use of the appropriate
simulation tools [A, D, E, G].

Objective 3:

e The student must show skill to understand /solve /interpret the results obtained in the

modelizations [A, D, E, G].
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