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Dersin Adn

Course Name

Hesaplamali Kimyada Hibrit Yontemler

Hybrid Methods in Computational Chemistry

Ders Seviyesi

Kodu Yariyith Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
XXXYYYE Glz/Bahar 3 7.5 Dr

(Fall/Spring)

(PhD.)

Lisansistl Program
(Graduate Program)

Hesaplamali Bilim ve Miihendislik
(Computational Science and Engineering)

Dersin TUru
(Course Type)

Dersin Dili
(Course Language)

Secmeli
(Elective)

Ingilizce
(English)

Dersin Icerigi
(Course Description)

30-60 kelime arasi

Biyolojik Sistemlerde Molekiler Modelleme, Kuvvet Alanlar1t ve En Kugukleme Ydéntemleri, Hibdit
Yontemler icin Kuvantum Mekanik Yontemler, Hibrit Modelleme Yontemleri , Cikarma Yontemi ile
QM/MM, Toplama Yoéntemi ile QM/MM, NMR Perdeleme Hesaplamalari, Giincel Bilimsel Yazin
Ornekleri: QM/MM, Istatistiksel termodimanik ve Topluluklar, Serbest Enerji Pertiirbasyon, Semsiye
Orneklemesi ve Histogram Yoéntemleri, Metadinamik, Yari-Ampirik Born Oppenheimer Molekiiler
Dinamik, Ab_initio Molekiiler Dinamik, Giincel Ornekler: QM/MM/MD

Molecular Modelling in Biological Systems, Force Fields and Minimization Methods, Quantum Mechanics
in Hybrid Methods, Hybrid Modelling Methods , QM/MM with Subtractive Methods, QM/MM with
Additive Methods, NMR Shielding Calculations, QM/MM: Recent Studies in Literature, Statistical
Thermodynamics and Ensembles, Free Energy Perturbation, Umbrella Sampling and Histogram Methods,
Metadynamics, Semi-Empirical Born—-Oppenheimer Molecular Dynamics (SEBOMD), QM/MM/MD:
Recent Studies in Literature

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5

1. Hesaplamali Kimyada kullanilan hibrit yontemlerin tanitilmast.

2. Hesaplamali Kimyada kullanilan hibrit yontemlerinin uygulama alanlarinin 6gretilmesi.

3. Ogrenilen yontemlerle gesitli uygulamalarin yapilabilecek becerilerin kazandiriimasi.
Hesaplamali olarak elde edilecek sonuglarin yorumlanabilmesi i¢in gerekli temel bilgilerin
kazandirilmast.

5. Hesaplamali sonuglarin deneysel verilerle karsilagtirilmasinin dgretilmesi.

adet

1. To introduce frequently used hybrid methods in Computational Chemistry.

2. To teach the application areas of the hybrid molecular modeling methods.
To gain the skills required for the applications.

4. To give the basic information required to interpret the computational results.

5. To teach how to compare the computational results with experimental data.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Maddeler halinde 4-9

adet

Bu dersi basariyla tamamlayan yiiksek lisans 6grencileri asagidaki konularda bilgi, beceri ve yetkinlik
kazanirlar;

1. Hibrit Yontemlerin temeli olan Molekiler Mekanik/Kuvantum Mekanik ve Molekiler Similasyon
yontemlerini ve uygulama alanlarmi bilmesi.
QM/MM Melez ydntemini ve uygulama alanlarini bilmesi.
Farkli yaklasimlarla serbest enerji hesaplamay1 bilmesi
QM/MM/MD Melez ydntemini ve uygulama alanlarini bilmesi.
Kimyasal bir problemin kuramsal ¢6zim i¢in uygun yontemi secebilmesi ve uygulayabilmesi
Hesaplamali ¢alisma sonuglarini deneysel verilerle karsilastirilip yorumlanmasi hakkinda bilgi sahibi
olmast
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M.Sc. students who successfully pass this course gain knowledge, skills and competency in the following
subjects;
1. Be able to understand Molecular Mechanics/Quantum Mechanics and Molecular Simulation methods
as foundation of hybrid methods and their application areas
Be able to understand QM/MM hybrid method and its application areas
Be able to learn calculation of free energies with different techniques
Be able to understand QM/MM/MD hybrid method and its application areas
Be able to select and apply the appropriate method for the solution of a chemical problem
Be able to compare and interpret the computational results with the experimental data.
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Kaynaklar
(References)

En 6nemli 5 adedini belirtiniz

1) Dominik Marx and Jurg Hutter, (2009) “Ab Initio Molecular Dynamics : Basic
Theory and Advanced Methods ”, Cambridge University Press,
2) Michael P. Allen and Dominic J. Tildesley, (2017) “Computer Simulation of

Liquids”, Oxford.

3) Tatyana Karabencheva-Christova, (2017) “Combined quantum mechanical and
molecular mechanical modelling of bio molecular interactions” Academic Press.
4)  Frank. Jensen, Introduction to Computational Chemistry, Wiley, Chichester, UK,

2017

5) M. E. Tuckerman, Tuckerman, Statistical Mechanics: Theory and Molecular
Simulation, Oxford University Press, Oxford, UK, 2013.

Odevler ve Projeler

(Homework & Projects)

2 Odev

2 Homeworks

Laboratuar Uygulamalar:

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use) Dersinizde

kullnadiginiz yazilim ve
simulasyon programlari
yazilabilir

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi*
(Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Yil i¢ci Smavlar
(Midterm Exams)

1

20

Kisa Smavlar

(Quizzes)

Odevler
(Homework)

20

Projeler
(Projects)

20

Donem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinav1
(Final Exam)

40

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilar:
1 Biyolojik Sistemlerde Molekiler Modelleme 1
2 Kuvvet Alanlar1 ve En Kiiglikleme Yontemleri 1
3 Hibrid Yontemler icin Kuvantum Mekanik Yontemler 1,5
4 Hibrit Modelleme Yontemleri 1,25
5 Cikarma Yo6ntemi ile QM/MM, 1,25
6 Toplama Yoéntemi ile QM/MM, 1,25
7 NMR Perdeleme Hesaplamalari, 2,56
8 Giincel Bilimsel Yazin Ornekleri: QM/MM, 2,5,6
9 Istatistiksel termodimanik ve Topluluklar 3
10 Serbest Enerji Pertiirbasyon 3
11 Semsiye Orneklemesi ve Histogram Yontemleri 3,45
12 Metadinamik 3,4,5
13 Born Oppenheimer Molekiiler Dinamik 45,6
14 Giincel Bilimsel Yazin Ornekleri: QM/MM/MD 45,6
COURSE PLAN
Course
Weeks Topics Outcomes

1 Molecular Modelling in Biological Systems 1

2 Force Fields and Minimization Methods, 1

3 Methods in Quantum Mechanics 1,5

4 Hybrid Modelling Methods 1,25

5 QM/MM with Subtractive Methods 1,25

6 QM/MM with Additive Methods 1,25

7 NMR Shielding Calculations 2,5,6

8 QM/MM: Recent Studies in Literature 2,5,6

9 Statistical Thermodynamics and Ensembles 3

10 Free Energy Perturbation 3

11 Umbrella Sampling and Histogram Methods 34,5

12 Metadynamics, 34,5

13 Born—Oppenheimer Molecular Dynamics (SEBOMD) 45,6

14 QM/MM/MD: Recent Studies in Literature 4,5,6

NOT-1: Ders plani, sadece hafta bazinda islenen ders konularim icermeli, ara ve Kisa sinavlar ders planlarina

yazilmamahdir.




Dersin Hesaplamah Bilim ve Miihendislik Programiyla fliskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait ciktilar)

Katki
Seviyesi

1

2

Lisans diizeyi yeterliliklerine dayali olarak, Hesaplamali Bilim ve Miihendislik Programindaki
bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (yeterli bilgi birikimi) (bilgi).

X

Alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi).

Alaninda edindigi uzmanlik diizeyindeki kuramsal ve uygulamali bilgileri kullanabilme(beceri).

Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle biitiinlestirerek
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

Alanini ile ilgili kargilagilan sorunlari aragtirma yontemlerini kullanarak ¢6ziimleyebilme (beceri).

Alanint ile ilgili uzmanlik gerektiren bir ¢alismay1 bagimsiz olarak yiiriitebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi)

Vii.

Alani ile ilgili uygulamalarda karsilagilan ve 6ngoriilemeyen karmasik sorunlarin ¢oziimii igin
yeni stratejik yaklagimlar gelistirebilme ve sorumluluk alarak ¢oziim tiretebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi).

viii.

Alanindaki giincel gelismeleri ve kendi ¢alismalarini, nicel ve nitel veriler ile destekleyerek,
alanindaki ve alan disindaki gruplara, yazil, sozlii ve gorsel olarak sistemli bigimde aktarabilme
(lletisim ve Sosyal Yetkinlik).

Bir yabanci dili en az Avrupa Dil Portfoyii B2 genel diizeyinde kullanarak sozlii ve yazil
iletisim kurabilmek (fletisim ve Sosyal Yetkinlik).

Alanmin gerektirdigi diizeyde bilgisayar yazilimi ile birlikte bilisim ve iletisim teknolojilerini ileri
diizeyde kullanabilme (Zletisim ve Sosyal Yetkinlik)

XI.

Alanu ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kiiltiirel ve etik degerleri gozeterek denetleyebilme ve bu
degerleri 6gretebilme (Alana Ozgu Yetkinlik).

Xii.

Alani ile ilgili konularda strateji, politika ve uygulama planlar gelistirebilme ve elde edilen
sonuglari, kalite siirecleri cercevesinde degerlendirebilme (Alana Ozgil Yetkinlik).

Xiii.

Alaninda 6ziimsedikleri bilgiyi, problem ¢d6zme ve/veya uygulama becerilerini,
disiplinleraras1 ¢aligmalarda kullanabilme (Alana Ozgii Yetkinlik).

XiV.

Hesaplamali Bilim ve Miihendislik Programinda, kendi ¢alismalarini, alanindaki uluslararasi

platformlarda, yazili, s6zlii ve/veya gorsel olarak aktarabilme (Alana 6zgl yetkinlik).

Relationship between the Course and the Computational Science and Engineering Program

Level of
Program Outcomes Contribution

1

2

3

Developing and intensifying knowledge in the Computational Science and Engineering program’s area,
based upon the competency in the undergraduate level (sufficient knowledge) (knowledge).

X

Grasping the inter-disciplinary interaction related to one’s area (knowledge). X

The ability to use the expert-level theoretical and practical knowledge acquired in the area (skill).

Interpreting and forming new types of knowledge by combining the knowledge from the area and the
knowledge from various other disciplines (skill).

Solving the problems faced in the area by making use of the research methods (skill).

The ability to carry out a specialistic study related to one’s area independently. X
(Competence to work independently and take responsibility).

Vii.

Developing new strategic approaches to solve the unforeseen and complex problems
arising in the practical processes of one’s area and coming up with solutions while taking responsibility
(Competence to work independently and take responsibility).

viil.

Systematically transferring the current developments in the area and one’s own work to other groups in
and out of the area; in written, oral and visual forms (Communication and Social Competency).

Proficiency in a foreign language —at least European Language Portfolio B2 Level- and
establishing written and oral communication with that language (Communication and Social
Competency).

Using the computer software together with the information and communication technologies efficiently
and according to the needs of the area (Communication and Social Competency).

Xi.

Paying regard to social, scientific, cultural and ethical values during the collecting,
interpreting, practicing and announcing processes of the area related data and the ability to teach these
values to others (Area Specific Competency).

Xii.

Developing strategy, policy and application plans concerning the subjects related to the area and the
ability to evaluate the end results of these plans within the frame of quality processes (Area Specific
Competency).




xiii. | Using the knowledge and the skills for problem solving and/or application (which are
processed within the area) in inter-disciplinary studies (Area Specific Competency).

xiv. [ In the Computational Science and Engineering program, the ability to present one’s own work within the
international environments orally, visually and in written forms (Area Specific Competency).

Duzenleyen (Prepared by) Tarih (Date) Imza (Signature)
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