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DERSIN AMACI

Bu dersin amaci, 6grencilere giintimiizde kimya alaninda ve bilimin farkli alanlarinda
siklikla kullanilan molekiiler modelleme yontemlerinin tanitilmasidir.

DERSIN iCERIGI

Molekiiler mekanik yontemleri; elektronik yapr yontemleri; yogunluk fonksiyonel
yontemleri; elektron korelasyon yontemleri; optimizasyon teknikleri; kimyasal
reaksiyonlarin modellenmesi.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar:
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Onerilen Kaynaklar:

[1] Cinar Z., Kuantum Kimyasi, 1994, Caglayan Kitabevi

[2] Jensen F., Introduction to Computational Chemistry, 1999, John Wiley and Sons,

[3] Leach A. R., Molecular Modelling Principles Applications

[4] Hinchliffe A., Molecular Modelling for Beginners, 2008, John Wiley & Sons, Inc

[5] Cramer C. J., Essentials of Computational Chemistry: Theories and Models, 2004, John
Wiley & Sons, Inc

Bu dersi basarryla tamamlayan 6grenciler,

Molekiiler modellemeye iliskin modern yontemleri kullanabileceklerdir.

Molekiiler modelleme alaninda giincel olarak kullanilan paket programlari

tantyabileceklerdir.

Molekiiler =~ modelleme yontemlerinin  uygulama  alanlarini  tespit

edebileceklerdir.
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Modellemeleri yapilan molekiillerin, molekiiler ozelliklerini

hesaplayabileceklerdir.

Molekiiler sistemlerin reaktivitesinin hesaplanmasi konusunda bilgi sahibi

olabileceklerdir.

DEGERLENDIRME SiSTEMIi

Etkinlikler Say1 Katki Pay1

Devam/Katilim:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalar

e  Detayh Degerlendirme Kriterleri:

- Derse aktif katilim ve soru sorma
- Smif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme

Laboratuvar: H ‘ ‘

Uygulama (Sozlii Sinav):

e icerik: Ogrencilerden molekiiler modelleme dersinin  temel
kavramlarin agiklamalarinin ve uygulamali bir soruya ¢oziim onerisi
sunmalarinin istenmesi

e  Format: Ogrenci ile bireysel olarak gergeklestirilecek sozlii siav (5-
10 dakika)

e  Detayh Degerlendirme Kriterleri:

-Kavramlari agiklayabilme
-ilacin cinsine gore analiz yapabilme
- Analizde karsilasilabilecek olan problem ¢6ziimlerini anlatabilme

Arazi Calismasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yiiz yilize. Coktan se¢meli kisa sinav (5-10 dakika) 2 %20

e  Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

e icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-i¢i ve disiplinlerarasi
alanlarda 6rneklerinin bulunmasini igeren haftalik 6devlerin verilmesi

e  Format: Yazili raporlar ve grup sunumlari
e  Detayh Degerlendirme Kriterleri:

- Bir ilag analizinde ¢6ziim siirecini mantikli ve dogru bir sekilde
yazabilme

- Kavramlarin uygulamadaki 6rneklerini bulabilme

- Uygulamal1 diigiinebilme, yorumlama ve gerek¢elendirme
stireglerinin ytiriitiilebilmesi
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Sunum/Jiiri:
o icerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin
ve grup sunumlar1 yapmalarimin istenmesi

e  Format: Grup sunumlari
e  Detayh Degerlendirme Kriterleri:

-Ogrenilen konularm dogru bir sekilde aciklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi

e icerik: Ogrencilerden akademik dénem sonunda teslim edilecek bir
proje onerisi (TUBITAK 2209 A/B) yazmalarinin istenmesi

e  Format: Yazili raporlar ve grup sunumlari
e  Detayh Degerlendirme Kriterleri:

-Ozgiin bir arastirma konusunun bulunabilmesi
-Bir arastirma 6nerisinin bilimsel ilkeler ve ilgili kilavuzlar
dogrultusunda yazilabilmesi

Seminer/Workshop ‘ ‘

e icerik: Smav haftasma kadar islenen konularmn tiimiinii kapsayan
kapsamli sorular

e  Format: Yiiz yiize. Sinav (90 dakika)

Ara Sinavlar:

2 %40
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik ve deneysel konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diistinme siireglerinin yiiriitiilmesi
Final:
e igerik: Dersin tiim icerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayh Degerlendirme Kriterleri:
1 %40
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
‘ Doénem ici Cahsmalarin Basari Notuna Katkis H %60 l
‘ Final Sinavinin Basar1 Notuna Katkisi H %40 l
TOPLAM %100 l

HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhk

Konu Anlatimi: Molekiiler Modellemenin taniminin verilmesi ve
uygulama alanlarinin 6rneklerle tanitilmast

Sinif-i¢ci Uygulama (5 dk.): Molekiiler Modelleme i¢in tanitim

Molekiiler Modellemenin  Tanimima iligkin = 6
1 yapilmasi

bilgilerin hatirlanmasi Kaynak: [1] Bolim 1

Simf-i¢i Tartisma (5 dk.): Molekiiler Modellemenin Uygulama
alanlarinin tartigilmasi
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Konu Anlatimi: Temel Kavramlara Giris: Molekiiler Modelleme
Tanimi ve kullanim alanlari, Enerji, Atomik birimler, Kuantum

Mekanigi, Etkilesimler

Molekiiler Modellemeye iliskin temel kavramlart

2 Simf-ici Uygulama (5 dk.): Molekiiler Modelleme icin temelhatirlanmas1 ve etkinlestirilmesi. Kaynak: [1], [2],
kavramlarin verilmesi [3]. Birinci Bolim. [4] Bolim 2
Simif-i¢i Tartisma (5 dk.): Molekiiler Modellemenin Uygulama)
alanlarinin tartigilmasi
Konu Anlatimi: Molekiiler Modelleme Teknikleri, Molekiiler
Mekanik Yéntemler, Kuvvet Alanlari Molekiiler Modelleme tekniklerine iligkin  6n
bilgilerin hatirlanmasi ve etkinlestirilmesi. Kaynak:
Simf-i¢i Uygulama (5 dk.): Molekiiler Modelleme Teknikleri[3] Boliim 4, [4] B6liim 4
3 hakkinda temel bilginin anlatilmasi Molekiiler Mekanik Yontemler konularini igere
boliimlerin okunmasi. Kaynak: [3] Bolim 4, [4]
Simif-i¢i Tartisgma (5 dk.): Modelleme tekniklerinden MolekiilegBolim 4.
Mekanigin giinliik hayatta kullanimimnin tartigiimasi
Konu Anlatimi: Kuantum Mekanik Yo6ntemlerin agiklanmasi,
Yari- Ampirik Metotlar, MNDO, AM1, PM3 Y 6ntemleri
Kuantum Mekanik Yontemlere ilisgkin 6n bilgileri
4 Smnif-ici Uygulama 5 dk): Yontemlerin hatirlanmasi ve etkinlestirilmesi. Kaynak: [3] Bolii
kiyaslamasinin yapilmast 2 Yar1 Ampirik Metotlar konularini igeren béliimleri
okunmast. Kaynak: [2] B6liim 3
Smif-ici Tartisma (5 dk.): Kuantum Mekanik Yontemlerin
uygulama alanlarinin tartisilmasi
Konu Anlatimi: Hartree-Fock (HF) Metodu
5 Sinif-i¢ci Uygulama (5 dk): HF Modeli esitliklerinin ¢ikarilmasi E{iﬁﬁimasﬁo\% etktﬁﬁzl;;;m;lfizyngﬁ: [ f]ﬂgléfél
Simnif-ici Tartisma (5 dk.): HF Metodu uygulama alanlarmm16
tartisiimasi
Konu Anlatimi: Yogunluk Fonksiyonel Teorisine (DFT) giris,
Kohn- Sham Yaklagimi, Zamana Bagli Yogunluk Fonksiyonel
Teorisine giris
Smnif-i¢ci Uygulama (5 dk.): Kohn- Sham esitliginin tanitiminin|
yapilmasi
6 DFT kavramlarma iliskin 6n bilgilerin hatirlanmas
Simif-i¢i Tartisma (5 dk.): DFT kullanimlarinin disiplinlerarasiVe etkinlestirilmesi. Kaynak: [5] Boliim 8.
bakis acisi ile tartigilmasi
Kisa Smav 1 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi g¢ergevesinde, ders basinda, 6grenciye verilen
0n hazirlik gorevinde yer alan konular igeren bir kisa sinavin
lyapilmasi
Konu Anlatimi: Fonksiyoneller ve Baz setlerinin tanitimi
Smif-ici Uygulama (5 dk.): Fonksiyoneller ve baz setleri i¢inFonksiyoneller ve baz setlerinin  tamm v
7 kiyaslama yapilmast Ozelliklerinin 6nceden okunulmasi ve Ogrenilmesi.
Kaynak: [4] B6liim 16.
Smif-ici Tartisma (5 dk.): Baz setlerinin degisik orneklerde
kullanimi {izerine tartisma yapilmasi
Smav haftasina kadar islenen konulart
8 /Ara Smav 1 A . .
tiimiiniin tekrar edilmesi
Konu Anlatimi: Hesaplamalara ¢oziicii etkisinin agiklanmasi
Simf-ici Uygulama (5 dk.): Coziicii etkisine iliskin farkliCoziicii  yontemlerine  iliskin +~ 6n  bilgileri
9 yontemlerin kiyaslanmasi hatirlanmast  ve etkinlestirilmesi. Kaynaklar: [4]
Boliim 23, [3] Bolim 11.
Sinif-ici Tartisma (5 dk.): Coziicii etkisinin hesaba katilmasinin
gerekliliginin tartigilmasi
Konu Anlatimi: Molekiiler optimizasyon hesaplamalar1 ve Atomik  viikl ronul . bafimler
P omi er konularim1 igeren bdliimleri
10 atomik yiikler kavramlariin agiklanmasi unmast. i](uaynak: [5] Boliim 6. ¢
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Smif-ici Tartisma (5 dk.): Optimize
dogrulanmasina iligkin fikirlerin tartigilmast

Konu Anlatimi: Molekiiler titresimler ve Harmonik Osilator
Modeli

" Sinif-i¢ci Uygulama (5 dk.): Molekiiler titresim hareketlerinin Titresim hareketleri boliimlerinin Okunmasi.
anlagilmast Kaynaklar: [1] Boliim 7

Smif-ici Tartisma (5 dk.): Harmonik Osilatéor Modelinin
uygulamasina iliskin tartismanin yapilmasi

Konu Anlatimi: Kavramsal DFT: Tepkime Tanimlayicilari,
Global ve Yerel Ozellikler

Smmf-ici Uygulama (5 dk.): Global Ozelliklerin Hesaplanma
uygulamasinin yapilmasi

12 Kavramsal DFT i¢in verilmis kaynagin okunmasi
Smf-ici Tartisma (5 dk.): Global ve Yerel Ozelliklerin
kullaniminin tartigmasinin yapilmasi

Kisa Smav 5 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa smavin yapilmasi

Smav haftasina kadar islenen konularin tiimiini

13 |Ara Sinav 2 tekrar edilmesi

Konu Anlatimi: Kimyasal reaksiyonlar ve Gegis Konumu
Kompleksinin optimizasyonu

Gegis Konumu Kompleksine iliskin 6n bilgileri
14 Smmf-i¢ci Uygulama: (5 dk) Gegis Konumu Kompleksi i¢inhatirlanmasi ve etkinlestirilmesi. Kaynak: [5] Bolit
potansiyel enerji grafiginin ¢izimi 15
Sinif-ici Tartisma: (5 dk.) Kimyasal reaksiyonlarin baglangig
konumlarinin tahmini i¢in tartismasinin yapilmasi

Konu Anlatimi: Molekiiler Modellemenin Bugiinii ve Gelecegi

15 Simf-i¢i Uygulama (15 dk.): Ornek caligmalarm anlatilmas: Molekiiler Modellemenin gelecegine iliskin kaynak]
taramas1 yapilmasi
Simif-i¢i Tartisma (5 dk.): Molekiiler Modellemenin geleceginin)
tartisiimasi

16 Final Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler liresi Toplam isyiikii

Ders Saati 42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kii¢iik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Sinav Siiresi + Sinav
Hazirlik Siiresi)
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Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam s yiikii:

Toplam {s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Chemistry

TITLE OF COURSE

Molecular Modelling

CODE

KIM4902

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

SEMESTER

Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Chemistry

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Chemistry

COURSE COORDINATOR

Seyda AYDOGDU

ASSISTANT(S)

COURSE OBJECTIVES

The aim of this course is to introduce students to molecular modeling methods frequently
used in chemistry and other areas of science today.

COURSE CONTENT

Molecular mechanics methods; electronic structure methods; density functional theory;
electron correlation methods; optimization techniques; chemical reaction modeling.

RECOMMENDED OR REQUIRED
READINGS

Recommended Readings:

[1] Cinar Z., Kuantum Kimyasi, 1994, Caglayan Kitabevi

[2] Jensen F, Introduction to Computational Chemistry, 1999, John Wiley and Sons,
[3] Leach A. R., Molecular Modelling Principles Applications

[4] Hinchliffe A., Molecular Modelling for Beginners, 2008, John Wiley & Sons, Inc
[5] Cramer C. J., Essentials of Computational Chemistry: Theories and Models, 2004,
John Wiley & Sons, Inc

Course Learning Outcomes

Upon successful completion of the course, students will be able to
1. Use modern methods of molecular modeling.
2. Identify currently used packages in molecular modeling.
Identify the application areas of molecular modeling methods.
Calculate the molecular properties of modeled molecules.

Gain knowledge about calculating the reactivity of molecular systems.
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EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

o  Detailed Assessment Criteria:

-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes

Laboratory H H

Application (Oral Examination):

e  Content: Students will be asked to explain fundamental concepts of
linear algebra and to propose a solution to a practical problem.

e  Format: Individual oral examination with each student (5-10
minutes).

o  Detailed Assessment Criteria:
-Ability to explain concepts

-Ability to solve problems
-Ability to articulate problem solutions

‘ Field Work H H

‘ Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 2 %20

o  Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

Homework Assignments:

e  Content: Weekly assignments requiring critical analysis of
fundamental concepts covered in class and identification of examples
of these concepts within both intra-disciplinary and interdisciplinary
contexts

e  Format: Written reports and group presentations
e  Detailed Assessment Criteria:

-Ability to logically and accurately demonstrate the problem-solving
process

-Ability to find practical examples of the concepts

- Ability to carry out processes of applied thinking, interpretation, and
justification

Presentations/Jury:
e  Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

e  Format: Group presentations

o  Detailed Assessment Criteria:

-Ahilitsy tn aceniratelys evnlain the tanice learnad
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-Proper use of presentation techniques

Project:
e  Content: Students will be asked to write a project proposal
(TUBITAK 2209 A/B) to be submitted at the end of the academic
term.

Format: Written reports and group presentations

Detailed Assessment Criteria:

-Ability to identify an original research topic
-Ability to write a research proposal in accordance with scientific
principles and relevant guidelines

Seminar/Workshop

Midterms:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics

-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

‘ Percentage of In-Term Studies H %60 ‘

‘ Percentage of Final Examination H %40 ‘

TOTAL %100

WEEKS COURSE OUTLINE Related Preparation

Lecture: Giving the definition of Molecular Modeling
and introducing its application areas with examples

Quick Practice (5 minutes): Introduction offf,

1 Molecular Modelling ecollection of the prior knowledge on the definition of

olecular Modelling. Source: [1] Chapter 1.

In-Class Discussion (5 minutes): Discussion of
application areas of molecular modeling

Lecture: Introduction to Basic Concepts: Moleculai
Modeling Definition and uses, Energy, Atomic units,

X . o .
Quantum Mechanics, Interactions ecollection and activation of prior knowledge on the concepts

bf Molecular Modelling Source: [1], [2], [3]. Chapter 1. [4]

Quick Practice (5 minutes): Explanation of basic] hapter 2

concepts for Molecular Modeling
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In-Class Discussion (5 minutes): Discussion o
application areas of Molecular Modeling

Lecture: Molecular Modeling Techniques, Molecular
Mechanics Methods, Force Fields

Quick Practice (5 minutes): Explaining basic]
3 information about Molecular Modeling Techniques

In-Class Discussion (5 minutes): Discussing the use]
of Molecular Mechanics from modeling techniques i
daily life

elated to the bases of the Molecular Mechanics .

ecollection and activation of prior knowledge on the concepts
Source[3]
hapter 4, [4] Chapter 4.

eading the sections covering Molecular Mechanics Source: [3]
hapter 4, [4] Chapter 4

Lecture: Explanation of Quantum Mechanical
Methods, Semi-empirical Methods, MNDO, AM1,
PM3 Methods

Quick Practice (5 minutes): Comparison of methods

In-Class Discussion (5 minutes): Discussion of the]
application areas of Quantum Mechanical Methods

ecollection and activation of prior knowledge on Quantum
echanic Source: [3] Chapter 2

eading the sections covering Semi- Empiricals Source: [2]
hapter 3

Lecture: Hartree- Fock (HF) Method

Quick Practice (5 minutes): Derivation of HF Method
equations

In-Class Discussion (5 minutes): A discussion of HF]
mehods use areas

ecollection and activation of prior knowledge on the concepts
f HF Methods. Source: [4] Chapter 16

Lecture: Introduction to Density Functional Theory
(DFT), Kohn-Sham Approximation, Introduction to
Time Dependent Density Functional Theory

Quick Practice (5 minutes): Introduction Kohn- Sham
equation

In-Class Discussion (5 minutes): Discussion of DFT]
uses from an interdisciplinary perspective

Quiz 3 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class
reparation within the flipped learning framework

ecollection and activation of prior knowledge on the concepts
f DFT Methods. Source: [5] Chapter 8

Lecture: Introduction on the functional and basis sets

Quick Practice (5 minutes): Comparison for the basis|
7 sets and functionalities.

In-Class Discussion (5 minutes): Discussion on the]
use of basis sets in different examples

ecollection and activation of prior knowledge on the definition
nd properties basis sets Source: [4] Chapter 16

8 Midterm 1

eview of all topics covered up to the exam week.

Lecture: Introduction to solvent methods

Quick Practice (5 minutes): Comparison of diffren
9 solvent models

In-Class Discussion (5 minutes): Discussion of the]
necessity to take into account the solvent effect

ecollection and activation of prior knowledge on the solvent
ethods Sources: [4] Chapter 23, [3] Chapter 11

Lecture: Explanation of molecular optimization
calculations and atomic charges

10
In-Class Discussion (5 minutes): Discussion of ideas|
for validating of optimized molecular structure

eading the sections covering the atomic charges Source: [5]
hapter 6

Lecture: Molecular vibrations and harmonic Oscillator
Model

1 Quick Practice (5 minutes): Understanding molecula;
vibration motion

eading the sections covering the vibrational motion. Source: [1]
hapter 1
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application of the Harmonic Oscillator Model

Lecture: Conceptual DFT: Reaction Descriptors,
Global and Local Properties

Quick Practice (5 minutes): Performing to calculate]

lobal paramete . . . .
g parameters eading the sections covering Conceptual DFT from given

12 .
aterial

In-Class Discussion (5 minutes): Discussion on the
use of global, and local parameters

Quiz 5 (15 minutes): A quiz at the end of the class|
covering the topics taught during the session

eview of all topics covered up to the exam week.
13 Midterm 2

Lecture: Chemical reactions and optimization of the
transition state complexes

Quick Practice (5 minutes): Plotting the potentialRecollection and activation of prior knowledge on the transition

14 h for the transition stat 1
cnergy graph for the transition state compiex tate complexes. Source: [5] Chapter 15

In-Class Discussion (5 minutes): Discussion for the

prediction of the initial positions of chemical reactions

Lecture: The Present and Future of Molecular
Modeling

Quick Practice (5 minutes): Discussions on the]

15 selected studies

iterature review on the future of Molecular Modeling

In-Class Discussion (5 minutes): Discussing the]
future of Molecular Modeling Discussing

16 Final eview of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours 3 42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration) 14

Final (Examination Duration + Examination Prep. Duration) 16

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg-l Temel kimyasal kavramlari
tanimlay1p kimya ile ilgili
alanlardaki bilgileri, uygulama arac-
gereglerle  destekleyerek  bilimsel
yaklagimi 6n plana alacak sekilde
ileri  diizeydeki  kuramsal ve
uygulamali bilgileri
kazanabileceklerdir. / They will be
able to define basic chemical
concepts and gain  advanced
theoretical and applied knowledge in
chemistry-related fields, supporting
their knowledge with practical tools
and equipment, emphasizing a
scientific approach.

1
1
1
I~
I

PS‘-Z Alanlarinda edindikleri ileri
diizey teorik ve  uygulamali
bilgilerini, kimya ile ilgili alanlardaki
problemlerin incelenmesi igin deney
tasarlayip ¢6zliim yontemi gelistirme,
uygun analitik yontemler ve teknikler
kullanarak ~ problemleri ¢ozme,
verileri toplama, sonuglar1 analiz
etme ve yorumlama icin
kullanabileceklerdir. / They will be
able to use the advanced theoretical
and applied knowledge they have
acquired in their fields to design
experiments and develop solution
methods for examining problems in
chemistry-related fields, solve
problems using appropriate
analytical methods and techniques,
collect data, analyze and interpret
results.

I
1
I~
I~
£

Pg-3 Alanlarinda edindikleri ileri
diizey teorik ve uygulamali bilgileri
kullanarak kimya ile ilgili alanlarda
kargilagilan ~ ve  Ongdriilemeyen
karmagik sorunlara, arastirma
yontemlerini kullanarak, yeni
stratejik yaklasimlar gelistirerek ve
sorumluluk alarak ¢Ozim
iiretebileceklerdir. / They will be able
to use the advanced theoretical and
applied knowledge they have
acquired in their fields to produce
solutions to unforeseen and complex
problems encountered in chemistry-
related fields by using research
methods, developing new strategic
approaches, and assuming
responsibility.

1
1
1
I~
I

Pg-4 Kimya ve ilgili alanlarda
bagimsiz olarak ve paydaslariyla
ortaklasa galigmalar yiiriitebilecek ve
analitik diistinme yetenegini
kullanabileceklerdir. / They will be
able to conduct studies independently
and collaboratively with stakeholders
in chemistry and related fields and
utilize their analytical thinking skills.

I~
I~
1w
I~
£
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PC-5 Ssectikleri bir veya birden
fazla kimya wuygulama alaninda
(Kalite Egitimi, Farmasotik Uriin,
Biyokimyasal Teknolojiler, Polimer
Teknolojisi, Gida Kimyasi, Cevre
Kimyast vb ) wuzman statiisii
kazanabileceklerdir. / They will be
able to achieve expert status in one or
more chemistry application areas of
their choice (Quality Education,
Pharmaceutical Products,
Biochemical Technologies, Polymer
Technology, Food  Chemistry,
Environmental Chemistry, etc.).

Pg-6 Kimya alaninda yaygin
olarak kullanilan bilgisayar ve yapay
zeka teknolojileri ile en az bir
programlama  dilini, problemleri
¢ozmek, veri analizi yapmak ve
simiilasyonlar ger¢eklestirmek igin
etkin bi¢imde kullanabileceklerdir. /
They will be able to effectively use
computer and artificial intelligence
technologies commonly wused in
chemistry, as well as at least one
programming language, to solve
problems, analyze data, and perform
simulations.

19}

I

I~

I~

IS

PC-7 Kimya ve ilgili alanlardaki
kariyer firsatlarim1 degerlendirerek
kisisel ve mesleki gelisim hedeflerini
belirleyebilecekler ve bu hedeflere
ulagsmak i¢in hayat boyu Ogrenme
stratejilerini  kullanabileceklerdir. /
They will be able to evaluate career
opportunities in chemistry and
related fields, determine personal and
professional development goals, and
utilize lifelong learning strategies to
achieve these goals.

I~

I~

I~

19

19

Pg‘-8 Bilimsel aragtirmalarini ve
mesleki faaliyetlerini  yiiriitiirken
dogabilecek  hukuksal  sonuglar
dikkate alarak mesleki etik ilkeler ile
toplumsal ve evrensel degerler
dogrultusunda ve sosyal sorumluluk
bilinci ve adalet duygusuyla hareket
edebileceklerdir. / They will be able
to act in accordance  with
professional ethical principles, social
and universal values, and with a
sense of social responsibility and
justice, considering the legal
consequences that may arise in
conducting their scientific research
and professional activities.

Pg-9 Bireysel ya da takim olarak
yirittiikleri calismalarda ve
projelerde kalite yonetimi ilkelerini
uygulayarak siiregleri ve sonuglart
kalite  standartlar1  g¢ercevesinde
degerlendirebileceklerdir. / They will
be able to apply quality management
principles in studies and projects
conducted individually or as a team,
and evaluate processes and results
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within the framework of quality
standards.

PC-10 Belirli bir kimya ile ilgili
konu hakkinda literatiir taramasi
yaparak giivenilir bilgi kaynaklarini
etkin bir sekilde kullanabileceklerdir.
/ They will be able to effectively use
reliable information sources by
conducting a literature review on a
specific chemistry-related topic.

19}
I
19}
1
1

Pg-ll Teorik ve uygulamali

kimya alaninda 0zgiin akademik
aragtirma yiiriitebileceklerdir. / They
will be able to conduct original
academic research in theoretical and
applied chemistry.

1
I~
I~
1w
I

PC-12  fleri diizey kimya
bilgilerini takip edebilecek, kimya ile
ilgili  konular1 ve arastirmalari
kimyasal terminoloji  kullanarak
Tiirkge ve Ingilizcede tiim paydaslara
sozli ve yazili olarak
aktarabileceklerdir. / They will be
able to follow advanced chemistry
information and convey chemistry-
related topics and research to all
stakeholders verbally and in writing
in Turkish and English using
chemical terminology.

1w
I~
I~
1w
I
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