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Dersin Adi

Course Name

Enerji Malzemelerinin Hesaplamali Tasarimi

Computational Design of Energy Materials

Ders Seviyesi

Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
HBMS530E Bahar 3 7.5 YL
(Spring) (M.Sc.)

Lisansiistii Program
(Graduate Program)

Hesaplamali Bilim ve Miihendislik Yiiksek Lisans Programi
(Computational Science and Engineering Masters Programme)

Dersin Tiirii
(Course Type)

Dersin Dili
(Course Language)

Ingilizce
(English)

Se¢meli
(Elective)

Dersin icerigi
(Course Description)

30-60 kelime arast

Gaz, sivi ve katt hal hidrojen depolamanin gézden gecirilmesi. En 6nemli kati1 hal hidrojen depolama
malzemelerin tanitimi: metal hidritler, metal borhidriirler ve metal aminler, Yogunluk fonksiyonel teori
(YFT): Giris, dalga fonksiyonu yontemleri ile karsilagtirma, degis tokus ve korelasyon fonksiyonelleri,
Kohn-Sham yéntemi ve YFT’ nin performansi, Izdiisiiriilmiis genisletilmis dalga yontemi,
Psodopotansiyeller ve temel setler (atom-merkezli temel setler ve diizlem dalgalar), Gecis durumu arama
yontemleri: diirtiilmiis elastik takim, adaptif diirtiilmiis elastik takim ve dimer yontemi, Kat1 hal kavramlart:
fermi seviyesi, enerji takimlari, brillouin bolgesi, kristal tipleri ve 6zellikleri, Yiizeye tutunma ve kati
yiizeylerde reaksiyonlar, Heterojen katalizorler ve Uygulamalar: i) {1k enerji malzemesinin dizayn edilerek
optimize edilmesi, ii) Takim diagraminim hesaplanmasi, iii) Durum yogunlugunun hesaplanmasi, iv) Gecis
durumu arama yontemi uygulamasi, v) Katalizor tasarimi

Review of gas, liquid and solid-state hydrogen storage. Introduction of the most important solid state
hydrogen storage materials: metal hydrides, metal borohydrides and metal ammines, Density functional
theory (DFT): introduction, comparison with wavefunction methods, functionals for exchange and
correlation, Kohn-Sham formalism and performance of DFT, Projected augmented wave (PAW) method,
Pseudopotentials and basis sets (atomcentered basis sets and planewaves), Transition state search methods:
nudged elastic band, adaptive nudged elastic band and dimer method, Solid state concepts: fermi level,
energy bands, brillouin zones and types and properties of crystal structures, Adsorption and reactions on
solid surfaces, Heterogeneous catalysis and Applications: i) Setting up and relaxing the first energy
material, ii) Calculating a band diagram, iii) Calculating density of states, iv) Transition state search
application, v) Designing a catalyst

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5 adet

1. Hidrojen depolayabilen kat: malzemeler hakkinda bilgi edinmek
Hidrojen depolayabilen kat1 malzemeleri diizlem dalga yogunluk fonksiyonel teori
programlart ile modellemek

1. Learning solid state materials capable of storing hydrogen
Modelling of solid state materials capable of storing hydrogen using plane wave density
functional theory programs

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basariyla tamamlayan yiiksek lisans/doktora dgrencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;

Kat, s1v1 ve gaz ortaminda hidrojen nasil depolanir

Diizlem dalga yogunluk fonksiyonel teorisi hakkinda bilgi edinme

Gegis durumu arama yontemleri hakkinda bilgi kazanma

Kati hal kavramlari hakkinda genel bilgiler edinme

Kati1 yiizeylerde adsorpsiyon ve reaksiyonlarin nasil gergeklestigini 6grenme
Heterojen katalizorler hakkinda bilgi edinme

DACAPO ve GPAW programlarini kullanarak malzeme tasarimi yapma

ARG S e

M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;

How to store hydrogen in solid, liquid and gas states
Learning plane wave density functional theory

Exploring transition state search algorithms

Knowledge on solid state concepts

Learning how adsorption and reactions take place on surfaces
Exploring the heterogeneous catalysis

Designing materials with DACAPO and GPAW programs
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Kaynaklar
(References)

En onemli 5 adedini belirtiniz

1) W. Koch and M. C. Holhausen, A Chemist’s Guide to Density Functional
Theory, Wiley, 2001.

2) C. Fiolhais, F. Nogueira and M. Marques, A Primer in Density Functional
Theory, Springer, 2003.

3) J. M. Seminario andP. Politzer, Modern Density Functional Theory: A Tool
for Chemistry, Elsevier, 1995.

4) R. G. Parr and W. Yang, Density-Functional Theory of Atoms and Molecules,
Oxford University Press, 1989.

5) M. Springborg, Methods of Electronic-Structure Calculations: From
Molecules to Solids, Wiley, 2000.

Odevler ve Projeler

(Homework & Projects)

7 Odev

7 Homework

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use) Dersinizde

Dacapo, GPAW

kullnadiginiz yazilim ve simulasyon

programlari yazilabilir

Dacapo, GPAW

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi* Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)

Y1l i¢i Siavlan 1 25
(Midterm Exams)

Kisa Smavlar
(Quizzes)

Odevler 7 35
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinav1 1 40
(Final Exam)

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Gaz ,S1vi ve Kat1 Hal Hidrojen Depolamanin Gézden Gegirilmesi. En Onemli Kati Hal Hidrojen 1
Depolama Malzemeleri: Metal Hidritler , Metal Borhidriirler ve Metal Aminler
2 Yogunluk Fonksiyonel Teori (YFT): Dalga Fonksiyonu Ydntemleri ile Karsilastirma , Degis 2
Tokus ve Korelasyon Fonksiyonelleri , Kohn-Sham Yontemi ve YFT ' nin Performansi
3 Izdiisiiriilmiis Genisletilmis Dalga Y éntemi 2
4 Psddopotansiyeller ve Temel Setler (Atom-Merkezli Temel Setler ve Diizlem Dalgalar) 2
5 Gecis Durumu Arama Y ontemleri: Uyarilmig Elastik Takim , Adaptif Uyarilmis Elastik Takim ve 3
Dimer Yo6ntemi
6 Kat1 Hal Kavramlari : Fermi Seviyesi , Enerji Takimlar1 , Brillouin Bélgesi , Kristal Tipleri ve 4
Ozellikleri
7 Kat1 Yiizeylerde Adsorpsiyon ve Reaksiyonlar 5
8 Heterojen Katalizorler 6
9 [k Enerji Malzemesinin Dizayn Edilerek Optimize Edilmesi 7
10 DACAPO / GPAW Kullanarak Takim Diyagraminin Hesaplanmasi 7
11 DACAPO / GPAW Kullanarak Durum Yogunlugunun Hesaplanmasi 7
12 DACAPO / GPAW Kullanarak Gecis Durumu Arama Y dntemi 7
13 DACAPO / GPAW Kullanarak Yiizeye Tutunma ve Kat1 Yiizeylerde Reaksiyonlar 7
14 DACAPO / GPAW Kullanarak Heterojen Katalizor Tasarimi 7
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Review of Gas, Liquid and Solid State Hydrogen Storage. The Most Important Solid State 1
Hydrogen Storage Materials: Metal Hydrides , Metal Borohydrides and Metal Ammines
2 Density Functional Theory (DFT): Comparison With Wave Function Methods, Functionals for 2
Exchange and Correlation , Kohn-Sham Formalism and Performance of DFT
3 Projected Augmented Wave (PAW) Method 2
4 Pseudopotentials and Basis Sets (Atom-Centered Basis Sets and Planewaves) 2
5 Transition State Search Methods: Nudged Elastic Band , Adaptive Nudged Elastic Band and 3
Dimer Method
6 Solid State Concepts : Fermi Level , Energy Bands , Brillouin Zones and Types and Properties 4
of Crystal Structures
7 Adsorption and Reactions on Solid Surfaces 5
8 Heterogeneous Catalysis 6
9 Setting Up and Relaxing the First Energy Material with DACAPO / GPAW 7
10 Calculating a Band Diagram with DACAPO / GPAW 7
11 Calculating Density od States with DACAPO / GPAW 7
12 Transition State Search Application with DACAPO / GPAW 7
13 Adsorption and Reactions on Solid Surfaces with DACAPO / GPAW 7
14 Designing a Heterogeneous Catalyst with DACAPO / GPAW 7

NOT-1: Ders plani, sadece hafta bazinda islenen ders konularini icermeli, ara ve
kisa sinavlar ders planlarina yazilmamahdir.




Dersin Hesaplamal Bilim ve Miihendislik Programiyla liskisi

Katki
Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait c¢iktilar) Seviyesi
1|23
i. Lisans dizeyi yeterliliklerine dayali olarak, Hesaplamali Bilim ve Mihendislik X
Programindaki bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (yeterli
bilgi birikimi) (bilgi).
ii. Alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi). X
iii. Alaninda edindigi uzmanlik dizeyindeki kuramsal ve uygulamali bilgileri X
kullanabilme(beceri).
iv. Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle bittunlestirerek X
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).
V. Alanini ile ilgili karsilasilan sorunlari arastirma yontemlerini kullanarak ¢ézimleyebilme X
(beceri).
Vi. Alanini ile ilgili uzmanlik gerektiren bir galismayi bagimsiz olarak yuritebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi)
vii. | Alani ile ilgili uygulamalarda karsilagilan ve 6ngériilemeyen karmasik sorunlarin ¢dézimi
icin yeni stratejik yaklasimlar gelistirebilme ve sorumluluk alarak ¢6zim Uretebilme
(Bagimsiz Caligabilme ve Sorumluluk Alabilme Yetkinligi).
viii. | Alanindaki glincel gelismeleri ve kendi galismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan disindaki gruplara, yazili, s6zli ve gorsel olarak
sistemli bigimde aktarabilme (letisim ve Sosyal Yetkinlik).
ix. Bir yabanci dili en az Avrupa Dil Portféyl B2 genel diizeyinde kullanarak sézlu ve yazili
iletisim kurabilmek (lletisim ve Sosyal Yetkinlik).
X. Alaninin gerektirdigi dizeyde bilgisayar yazihmi ile birlikte bilisim ve iletisim teknolojilerini X
ileri dlizeyde kullanabilme (lletisim ve Sosyal Yetkinlik)
xi. Alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kiltirel ve etik degerleri gdzeterek denetleyebilme ve
bu degerleri 6gretebilme (Alana Ozgii Yetkinlik).
xii. | Alani ile ilgili konularda strateji, politika ve uygulama planlari gelistirebilme ve elde edilen X
sonuglari, kalite siregleri gergevesinde degerlendirebilme (Alana Ozgii Yetkinlik).
xiii. | Alaninda 6zimsedikleri bilgiyi, problem ¢dzme ve/veya uygulama becerilerini, X
disiplinlerarasi galismalarda kullanabilme (Alana Ozgii Yetkinlik).
xiv. | Hesaplamali Bilim ve Mihendislik Programinda, kendi ¢alismalarini, alanindaki
uluslararasi platformlarda, yazili, s6zli ve/veya gorsel olarak aktarabilme (Alana 6zgii
yetkinlik).

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Computational Science and Engineering Program

Program Outcomes

Level of
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

ii.

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

ii.

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

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).

vi.

The ability to carry out a specialistic study related to one’s area independently.
(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).

viii.

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).

ix.

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).

1: Little, 2. Partial, 3. Full

NOT-2: Ders ile ilgisi olmayan ¢iktilarin bos birakilmasi gerekmektedir.

Diizenleyen (Prepared by)

Dog. Dr. Adem Tekin

Tarih (Date)

Imza (Signature)




