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Dersin icerigi

(Course Description)

Dersi takip etmek i¢in gerekli matematik alt yapinin gézden gecirilmesi ( Operatorler, Kompleks
sayilar, diferansiyel denklemler, Schrédinger denklemi ve basit bir model sistem i¢in ( kutudaki
parcacik problemi) ¢dziimleri, Enerjinin kuantizasyonu, Iki atomlu molekiillerdeki ¢ekirdek
hareketlerinin ( titresim, donme) matematiksel modellerle ( harmonik sarkag, kati dénec)
incelenmesi, molekiiler dzelliklerin ( bag kuvveti, bag uzunlugu) IR ve mikrodalga frekanslari
ile iligkileri, Hidrojen atomu igin elektronik Schrédinger denkleminin ¢dziimlerinden elde edilen
sonuglarin tartisilmasi, Orbital kavrami, Hidrojenimsi ( tek elektronlu atomik) sistemlerin
incelenmesi, Cok elektronlu atomlar, Born-Oppenheimer  yaklastirmasi, Helyum atomu,
Varyasyon prensibi, Diatomik molekiillerin elektronik yapilari

Overview of the mathematical background required to follow the course ( operators, complex
numbers, differential equations), Schrédinger equation and its solution for simple model system
(particle in a box problem), the concept of energy quantization, Quantum mechanical treatment
of the nuclear motions ( vibration and rotation) of diatomic molecules, the understanding of the
relationship between the molecular properties ( bond strength, bond length) and the IR,
microwave frequencies, The study of the results obtained from the solution of the Schrodinger
equation for a real system -Hydrogen atom-, the orbital concept, Hydrogen-like ions, Many
electron atoms, Born-Oppenheimer approximation, Helium atom, Variation principle, The
electronic structure of diatomic molecules




Dersin Amaci

(Course Objectives)

1. Baslangi¢ seviyesinde kuantum mekanigin fiziksel ve matematiksel temellerinin
olusturulmasi

2.Kimyasal problemlere kuantum mekanik yontemler kullanilarak nasil yaklasildigimin
Ogretilmesi

3. Atomik ve molekiiler elektronik yapi ile bunlarin spektroskopiyle olan iligkilerinin
anlasilmasina yardime1 olan yontemlerin dgretilmesi

1. To give a solid understanding of the physical and mathematical aspects of quantum
mechanics at the introductory level

2. To teach how to approach chemical problems by using the laws of the quantum mechanics

3. To teach the methods to study atomic and molecular electronic structure and their relation to
spectroscopy

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

1. Enerji kuantizasyonu kavramini kullanarak atomik spektrumlarda goriilen sogurma ¢izgilerini
anlayabilme ve agiklayabilme
II. Kuantum mekanik operatérleri tantyabilme ve basit sistemler igin toplam enerji operatoriinii
yazabilme
II1. Basit sistemler i¢in tek boyutta Schrodinger denklemini yazabilme ve ¢dzebilme
IV. Dalga fonksiyonu, normalizasyon, enerji dejenerasyonu, tiinelleme gibi kuantum mekanikte
karsilagilan temel kavramlari anlayabilme ve kullanabilme
V. Iki atomlu molekiillerdeki titresim ve dénme gibi ¢ekirdek haraketlerini temsil eden Schrodinger
denklemini yazabilme ve ¢6ziimden elde edilen dalga fonksiyonlarini ve enerji ifadelerini
anlayabilme ve kullanabilme
VI. Bu hareketlere ait deneysel frekanslarla iligkilendirme, spektroskopik yontemleri ve nasil
kullanildiklarimi anlayabilme
VII. Orbital kavraminin matematiksel bir fonksiyon oldugunu ve H-atomunun kuantum mekanik
¢oziimiinden elde edilen 6z fonksiyonlar oldugunu 6grenme
VIII. Bir orbitaldeki elektronun ¢ekirdege olan uzaklhigini hesaplayabilme, orbital sekillerini belirleyen
kiiresel harmonik fonksiyonlarini taniyabilme ve kullanabilme
IX. Elektron yogunlugu kavramini 6grenme ve hesaplayabilme
X. Molekiiler orbitallerle atomic orbitaller arasindaki iliskiyi kurabilme, kimyasal bagi matematiksel
olarak tanimlayabilme
XI. Molekiiler 6zelliklerle elektronik yap1 arasindaki iligkileri kurabilme
XII. Hesaplamal1 Kimya’nin da temelini olugturan , Schrédinger denkleminin kesin olarak ¢dziilemedigi
durumlarda kullanilan varyasyon yontemi 6grenme ve kullanabilme
XIII. Molekiiler orbital teoriyi kavrama ve konjuge organik molekiillere uygulamasini iceren Hiickel
Molekiiler Orbital teoriyi kullanarak molekiiler 6zellik hesaplayabilme

1. To be able to understand and explain the absorption lines in atomic spectrum using the
concept of energy quantization

2. To recognize quantum mechanical operators and write the total energy operator for simple
systems

3. To be able to write and solve one dimensional Schrédinger equation.

4. To get acquainted with the main concepts of quantum mechanics, like wavefunction,
normalization, energy degeneracy, tunnelling..

5.To be able to write the Schrédinger equation for nuclei movement like vibration and rotation
for diatomic molecules and to be able to understand and use the wavefunctions and energies
from their solution.

6. To build up a relationship between the experimental frequencies, spectroscopic techniques
and how they are used.

7. To understand that the orbital concept is a mathematical function and it is the eigenvalue
obtained from the quantum mechanical solution.

8. To be able to calculate the distance of electron from the nucleus and recognize the spherical
harmonics which determine the shape of the orbital.

9. To learn and calculate the concept of electron density.

10. To be able to build a relationship between molecular and atomic orbitals and be able to
mathematically define chemical bond.

11. To build a relationship between the molecular properties and electronic structure.

12. To learn and use the variation method which is the basis for Computational chemistry, for
the cases which do not allow the exact solution of the Schrédinger equation.

13. To conceive the Molecular Orbital Theory and calculate the molecular properties with

Hiickel Molecular Orbital method which is applicable to conjugated organic molecules.




Ders Kitabi Physical Chemistry, P.W. Atkins, Oxford Uni. Press, 5th Edition, 1994
(Textbook) Quantum Mechanics for Chemists, David O. Hayward, RS.C, 2002
Diger Kaynaklar Physical Chemistry, Ira N. Levine, Mc Graw Hill, 5th Edition, 2002

(Other References)

All Physical Chemistry and Quantum Chemistry Books

Odevler ve Projeler

(Homework & Projects

Konularla ilgili problemler ev 6devi olarak verilmektedir. Hiickel Molekiiler Orbital
teori ile ilgili sene sonu projesi verilmektedir.

Homework related to the covered topics are assigned. A project related to the Hiickel

Molecular Orbital theory is given.

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi
(Quantity)

Degerlendirmedeki Katkisi, %

(Effects on Grading, %)

Y1l i¢i Sinavlan
(Midterm Exams)

2

60

Kisa Simavlar
(Quizzes)

Odevler
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi
(Final Exam)

40




DERS PLANI

Hafta

Konular

Dersin
Ciktilan

Kuantum mekanigine giris, temel kavramlar

Kara cisim 1s1masi, Planck hipotezi ve enerjinin kuantizasyonu

Bohr atom modeli, atomik spektrum, dalga-pargacik ikiligi, foton, fotoelektrik etki, Heisenberg
Belirsizlik Prensibi, Parcaciklarin dalga karakteri, de Broglie dalga boyu, dalga fonksiyonu,
kuantum mekanik operatorler, Schrodinger dalga denklemi ( zamana bagimli, zamandan
bagimsiz), olasilik yogunluk

Kompleks fonksiyonlar, Diferansiyel denklemler
Kuantum Theory: Teknikler ve Uygulamalar
Otelenme Hareketi: Kutudaki Pargacik Modeli ( Tek boyutta incelenmesi)

Kutudaki Pargactk Modeli ( Iki ve ii¢ boyutta incelenmesi), Dalga fonksiyonunun
normalizasyonu, Enerjinin dejenerasyonu, Tiinelleme

n-1v

Titresim Hareketi: Harmonic sarka¢ Modeli, Klasik mekanik yontemlerle incelenmesi, Problemin
kuantum mekanik yontemlerle incelenmesi, Titresim dalga fonksiyonlari ve Hermite polinomlart,
Ozellikleri, Virial teorem, IR frekanslarinin bulunmasi

V-VI

Dénme Hareketi: Iki boyutta ve ii¢ boyutta incelenmesi, A¢isal momentum ve kuantizasyonu,
Kat1 done¢ modeli ve ¢oziimlerinin incelenmesi, Iki atomlu molekiillerdeki bag uzunlugunun
mikro dalga frekanslarindan bulunmasi

V-VI

Iki atomlu molekiillerin titresim spektrumlarinin incelenmesi

Vi

~

1. Ara Simav

Atom Yapist ve Atomik Spektrumlarin incelenmesi

Electronik yap1, Hydrogen atomu ve kuantum mekanik olarak elektronik Schrodinger
denkleminin ¢oziilerek orbitallerin ve elektronik enerji seviyelerinin bulunmasi, orbital kavrami,
kuantum sayilari

Vil

Radyal dagilim fonksiyonlari ve anlamlari
H-tipi tek elektronlu sistemlerin (iyonlarin) elektronik yapilarinin incelenmesi, enerji seviyeleri
arasindaki gegisler ve gecis kurallari

VIl

10

Cok elektronlu atomlarin elektronik yapilarinin incelenmesi, Helyum atomu,
Pauli prensibi, etkin ¢ekirdek yiikii, elektronik konfigiirasyon, Hund kurali, spin kavramu,
manyetik 6zellikler ve Zeeman etkisi

11

Molekiillerin elektronik yapilari
Born-Oppenheimer Yaklagtirmasi, Valans Bag teorisi
Molekiiler Orbital Teori, Hidrogen molekiil iyonu ve hidrojen molekiilii ile uygulamalar

12

Iki atomlu molekiillerin elektronik yapilar

Xl

13

Varyasyon Prensibi, Schrédinger denkleminin yaklasik olarak ¢oziilmesi

Xl

14

Hiickel Molekiiler Orbital Teorisi ve konjuge organik molekiillerdeki uygulamalari

Xl




COURSE PLAN

Course
Weeks Topics Outcomes
1 Quantum Theory: Introduction and Principles |
Black body radiation, Planck’s hypothesis ( quantization of energy)
Bohr atom model, atomic spectra, wave-particle duality, photon,photoelectric effect,
Heisenberg Uncertainity Principle, wave character of particles, de Broglie wavelength,
wavefunction, operators, Schrodinger equation ( time dependent, time independent
equations), probability density
2 Complex functions, Differential equations |
Quantum Theory: Techniques and Applications
Translational motion: the particle in a box model (one dimensional box)
3 The particle in a box model ( two and three dimensional box), normalization, degeneracy, H-1v
tunnelling
4 Vibrational motion: harmonic oscillator, classical solution V-VI
Quantum mechanical solution of harmonic oscillator, Hermite polynomials, properties, virial
theorem, IR frequencies
5 Rotational motion: rotation in two dimension, quantization of rotation V-VI
Rotation in three dimension, Angular momentum, rigid rotor, Microwave frequencies
6 Vibrational-Rotational spectra of diatomic molecules VI
7 Midterm Examination -
8 Atomic Structure and Atomic Spectra 1
Electronic structure, Hydrogen atom, Solution of Schrodinger equation
Atomic orbitals and their energies, quantum numbers, energy levels, shells, subshells
9 Radial distribution functions Vil
H-like ions, selection rules, transitions
10 The structure of many-electron atoms, helium atom IX
Pauli principle, penetration and shielding, the building-up principle, Hund’s rule, spin, the
Zeeman effect
11 Molecular Structure X
Born-Oppenheimer Approximation, valance bond theory
Molecular orbital theory, hydrogen molecule and hydrogen molecule-ion
12 The electronic structure of diatomic molecules XI
13 Variation Principle Xl
14 Hiickel Molecular Orbital Theory and its applications Xl




Dersin Kimya Programyla iliskisi

Programin mezuna kazandiracag bilgi ve beceriler (programa ait ciktilar)

Katki
Seviyesi

1

2

Kimyanin temel alanlar1 olan inorganik, organik, fiziksel ve analitik kimyanin 6nemli
kavramlarin, teorik esaslarini ve ilgili konulardaki deneysel bulgulari kavrama becerisini
edinmeleri

Ogrencilerin edindikleri teorik ve pratik bilgileri kimya ya da kimya iceren multidisiplier alanlara
veya kimya bazli endiistrilerde uygulayabilme yetenegi edinmeleri

Deneysel ¢aligmalar1 tasarlama, veri analizi yapma, klasik teknikleri ve modern cihazlar1 kullanma
becerisini_edinmeleri

Kimya ve kimya ile ilgili alanlar hakkinda arastirma yapma ve bilgiye ulasma i¢in modern
kiitliphane kullanma becerisi edinmeleri

Kimyasal simiilasyon ve hesaplama, veri elde etme ve veritabani kullanimi i¢in bilgisayar
kullanim becerisi edinmeleri

Problemleri ¢6zme, kritik diisiinme ve analitik ¢éziimleme igin matematik, fizik ve biyoloji temel
bilgilerini kimyasal sistemlere uygulama becerisi edinmeleri

Hem simifta hemde laboratuvarda etkin bicimde grup ¢alismasi yapma, liderlik ve grup iiyesi
olarak calisma yetenegi edinmeleri

Hem Tiirkge hem de Ingilizce dillerinde yazili ve sdzlii iletisim kurma arastirma yapma, arastirma
raporu yazma, sozIli ve poster sunumu yapma becerisi edinmeleri

Kimyasal malzemelerin giivenli kullanimi ve uzaklasturlmalari i¢in modern prosediir ve
diizenlemeleri bilmeleri

Etik davranisin kisisel ve profesyonel yasamin tiim alanlarindaki 6nemini anlayabilmeleri

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Chemistry Curriculum

An ability to apply and integrate basic knowledge from mathematics, physics and biology to
chemistry for solutions of problems, critical thinking and analytical reasoning

Level of
Program Outcomes Contribution
1 2 3
An ability to understand the major concepts, theoretical principles and experimental findings v
in the main areas of chemistry: organic, inorganic, analytical, and physical.
v
To give the students a core of theoretical and practical knowledge and the ability to apply it to
further studies in Chemistry or multidisiplinary areas involving Chemistry or employment in
Chemistry based industry.
An ability to design and conduct experiments, as well as to analyze and interpret data, to use
modern instrumentation and classical techniques.
v
An ability to use modern library searching and retrieval methods to obtain information about
chemistry and chemistry-related areas.
v
An ability to use computers for chemical simulation and computation, data acquisition, and
database usage.
v

An ability to work in a group, be effective leaders as well as effective team members.

An ability to communicate effectively orally and in writing in Turkish and in English
languages. An ability to research chemistry topics, write research reports, and give oral and
poster presentations.

To train students in the aspect of modern chemical safety regulations and disposal techniques.

An understanding and appreciation the importance of ethical behavior in all aspects of
personal and professional life .

1: Little, 2. Partial, 3. Full

Diizenleyen (Prepared by) Tarih (Date)

Imza (Signature)

19.9.2013




