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Kimya
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DERSIN KODU
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AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Bahar

DERSIN DiLi

ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Sec¢meli , Kimya Lisans Program

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIiS SEKLI

Yiiz Yiize

DERSI SUNAN AKADEMIK
BiRIM

Kimya Boliimii

DERSIN KOORDINATORU

Melda ALTIKATOGLU YAPAOZ

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin biyosensorlerin hazirlanmasina iligkin temel ilkeler iizerine
odaklanarak, biyosensorlerin tasarim, iiretim ve uygulamalarini 6grenmesidir.

DERSIN iCERIGI

Biyosensorlerin tanimi ve genel prensipleri; biyoreseptér molekiiller; biyosensorlerin
smiflandirilmasi;  biyosensorlerin - Ozellikleri  ve  karakteristikleri;  biyosensor
immobilizasyonu; iletken polimerler; biyosensorlerde performans faktorleri; biyosensor
uygulamalart; biyosensorlerdeki son gelismeler.

DERS KITABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilari

Onerilen Kaynaklar:

[1] A. E. G. Cass (Ed.) “Biosensors”, Oxford University Press, 1990.

[2] A. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.

[3] P. Bollella, E. Katz, “Biosensors — Recent Advances and Future Challenges” ,2021.

[4] S., A. Ozkan, B. Uslu, M., K. Sezgintiirk, “Biosensors: Fundamentals, Emerging
Technologies, and Applications”, CRC Press, 2022.

[5] Ders notlari.

[6] E. Gizeli, C.R. Lowe, “Biomolecular sensors”, Taylor and Francis Inc. 2002.

[7]J. Cooper, T. Cass, “Biosensors”, Oxford University Pres, 2004.

[8] T., M. Canh,”Biosensors”, Chapman and Hall, 1993.

Bu dersi basarryla tamamlayan 6grenciler,

1. Biyosensorleri, tiirlerini, dzelliklerini tanimlayabileceklerdir.
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Bir biyosensor tasarlayabileceklerdir.

Biyosensdrlerin uygulama alanlarini tanimlayabileceklerdir.

Biyosensorlerle ilgili son gelismelerden haberdar olabileceklerdir.

Cesitli 6l¢timler i¢in farkli sensor sistemlerinin uygulanmas: konusunda genis bir

anlay1s seviyesine sahip olabileceklerdir.

DEGERLENDIRME SiSTEMIi

Etkinlikler Say1 Katki Pay1

Devam/Katihm:

‘ Laboratuvar: H H

‘ Uygulama (Sozlii Sinav): H H

‘ Arazi Calismasi H H

Derse Ozgii Staj

‘ Kisa Sinavlar/Stiidyo Kritigi (Zorunlu): H 4 H %20
| Odev: [ [
Sunum/Jiiri: 1 %10
‘ Proje: H H
‘ Seminer/Workshop H H
Ara Smavlar:
e icerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
kapsaml1 sorular
e  Format: Yiiz yiize Smav
1 %30
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢6ziilebilmesi
-Teorik diistinme siireglerinin yiiriitiilmesi,
Final:
e icerik: Dersin tiim icerigini kapsayan kapsaml sorular
e  Format: Yiiz yiize. Smav (110 dakika)
e Detayh Degerlendirme Kriterleri:
1 %40
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Tleri diizey problem ¢dzme becerilerinin kullamilabilmesi
‘ Doénem ici Cahsmalarin Basari Notuna Katkis H %60
‘ Final Sinavinin Basar1 Notuna Katkisi H %40
TOPLAM %100

HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhk
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A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
Press, 1999.
S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:

1 Konu Anlatimi: Biyosensdriin tanimu, tarihgesi, ¢alisma ilkesi Fundamentals, Emerging  Technologies,  an
|Applications” CRC Press, 2022.
A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
. Press, 1999.
2 Konu Anlatimi: Biyoreseptdr Molekiiller, Iletken Polimerler S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, Emerging Technologies, and
|Applications” CRC Press, 2022.
A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
Press, 1999.
3 Konu Anlatimi: Biyosensorlerin Immobilizasyonu S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, = Emerging  Technologies, an
|Applications” CRC Press, 2022.
Kisa Smav 1 (15 dk.): Dersin baginda, Snceki haftalarda iglenen- Telefoncu (Ed.), “Biyosensorler”, Ege Universit
konulari igeren bir kisa smavin yapilmasi Press, 1999. _ .
S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Konu Anlatimi: Biyosensorlerin siniflandirilmasi, 6zellikleri VeFundamentals, Emerging Technologies, an
karakteristikleri o
|Applications” CRC Press, 2022.
Konu Anlatimi: Elektrokimyasal Biyosensorler ve uygulama?r'e;rseli:gg;cu (Ed.), "Biyosensorler”, Ege Universit
5 Ornekleri S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, Emerging  Technologies, an
|Applications” CRC Press, 2022.
Konu Anlatimi: Elektrokimyasal Biyosensorler ve uygulamaA. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
Ornekleri Press, 1999.
6 S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, Emerging  Technologies, an
|Applications” CRC Press, 2022.
) ) ) A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
Kisa Simav 2 (15 dk.): Dersin basinda, dnceki haftalarda 1slenenpress, 1999.
konulart igeren bir kisa smavin yapilmas S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
7 . .
Konu Anlatimi: Enzim sensorleri: Teorik bakis ve kinetik Fundamentals, ~ Emerging ~ Technologies,  an
|Applications” CRC Press, 2022.
Sinav haftasina kadar islenen konularin tiimiinii
8 /Ara Smav 1 . .
tekrar edilmesi
A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
Konu Anlatimi: Optik  sensorler, Iletkenlik — sensorleriPress, 1999. _ .
0 immunosensrier S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, Emerging  Technologies, an
|Applications” CRC Press, 2022.
Konu Anlatimi: Biyosensorlerin performans faktorleri ?r.e;fselizg(g;cu (Ed.), "Biyosensorler”, Ege Universit
10 S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, = Emerging  Technologies, an
|Applications” CRC Press, 2022.
Kisa Smav 3 (15 dk.): Dersin basinda, 9 ve 10. haftalarda islenen/A. Telefoncu (Ed.), “Biyosensorler”, Ege Universit
konulari iceren bir kisa sinavin yapilmasi Press, 1999.
11 S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Konu Anlatimi: Biyosensorlerin kullanim ve uygulamalari Fundamentals, = Emerging  Technologies, an
|Applications” CRC Press, 2022.
. A. Telef Ed.), “Bi ler”, Ege Universit
Konu Anlatimi: Cevresel 6l¢lim ve kontrolde biyosensorler, tlpdapmsse Tg(;r;cu (Ed.), "Biyosensorler”, Ege Universi
12 pensorler, Gida ve savunma S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Fundamentals, Emerging Technologies, and
|Applications” CRC Press, 2022.
Konu Anlatimi: Yiizey Plazmon Rezonans (SPR) ?;;3 (Ed.), “Biosensors”, Oxford University Press,
13 P. Bollella, E. Katz, “Biosensors — Recent Advances
and Future Challenges”, MDPI, 2021
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Cass (Ed.), “Biosensors”, Oxford University Press,)
14 islenen konulari iceren bir kisa sinavin yapilmasi 1990
P. Bollella, E. Katz, “Biosensors — Recent Advances
Konu Anlatimi: Aptamer temelli biyosensérler and Future Challenges”, MDPI, 2021.
Ogrenci sunumlarimin dinlenmesi
15
16 Final islenen konularmn tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Say1 Siiresi Toplam isyiikii
(Saat)
I

Ders Saati 42

Laboratuar H H H

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)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam s yiikii:

Toplam {s yiikii / 30(s):

AKTS Kredisi:

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)
Sayfa: 4/11



FACULTY / GRADUATE SCHOOL

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Chemistry

TITLE OF COURSE

Biosensors

CODE

KIM4532

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Required @ Bachelor Programme in Chemistry

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Chemistry

COURSE COORDINATOR

Melda ALTIKATOGLU YAPAOZ

ASSISTANT(S)

This course aims to examine the design, production and applications of biosensors,
focusing on the basic principles of biosensor preparation to students.

COURSE OBJECTIVES

Definition and general principles of biosensors; bioreceptor molecules; classification of
biosensors; properties and characteristics of biosensors; biosensor immobilization;
conductive polymers; performance factors in biosensors; biosensor applications; recent
developments in biosensors.

COURSE CONTENT

Recommended Readings:

[1] A. E. G. Cass(Ed.), “Biosensors”, Oxford University Press, 1990.

[2] A. Telefoncu(Ed.), “Biyosensorler”, Ege University Press, 1999.

[3] Ders notlar1

[4] E. Gizeli, C. R. Lowe, “Biomolecular sensors”Taylor and Francis Inc. 2002.

RECOMMENDED OR REQUIRED
READINGS

[5] J. Cooper, T.Cass, “Biosensors”’Oxford University Pres, 2004.

[6] P. Bollella, E. Katz, “Biosensors — Recent Advances and Future Challenges”, 2021.
[7]1 S. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors: Fundamentals, Emerging
Technologies, and Applications”, CRC Press. 2022.

[8] T. M. Canh,”Biosensors”’Chapman and Hall, 1993.

Upon successful completion of the course, students will be able to

Course Learning Outcomes ) ) )
1. Define biosensors, their types, and their features.

2. Design a biosensor.
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Define the application areas of biosensors.
Aware of the latest developments in biosensors.

Have a broad understanding of the application of different sensor systems for
various measurements.

EVALUATION SYSTEM

Activities Percentage of Grade

‘ Attendance/Participation:

‘ Laboratory

‘ Application (Oral Examination):

‘ Field Work

‘ Special Course Internship (Work Placement)

Quizzes/Studio Critics:

‘ Homework Assignments:

‘ Presentations/Jury:

‘ Project:

‘ Seminar/Workshop

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

Format: Face-to-face written exam.

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.

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 %60 ‘

‘ Percentage of Final Examination %40 ‘

TOTAL %100

WEEKS COURSE OUTLINE Related Preparation

Lecture: Definition, history and working principle offfA. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
1 biosensor 5. A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
undamentals, Emerging Technologies, and Applications” CRC
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ress, 2022.
. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
2 Lecture: Bioreceptor Molecules, Conducting Polymers A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
o ) A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Lecture: Immobilization of Biosensors ) ) o
3 undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
uiz 1 (15 min.): A quiz at the beginning of the lesson e i . .
gveriné the to i)cs cc?vere din the §revio§s weeks . Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
4 P A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
Lecture: Classification of biosensors, their properties undamentals, Emerging Technologies, and Applications™ CRC
P asst » HIel prop ress, 2022.
and characteristics
. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
5 Lecture: Electrochemical Biosensors and applicatio A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
examples undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
) ) L A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
Lecture: Electrochemical Biosensors and application ) ) o
6 examples undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
Quiz 2 (15 minutes): At the beginning of the lesson, a [l Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
short exam covering the topics covered in the previous A. Ozkan, B. Uslu, M. K. Sezgintiirk, “Biosensors:
weeks will be given ) ) L
7 undamentals, Emerging Technologies, and Applications” CRC
Lecture: Enzyme sensors: Theoretical view an ress, 2022.
kinetics
8 Midterm 1 eview of all topics covered up to the exam week.
. . . . Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
9 mu:;g' glpgrcsal sensors, Conductivity sensors, A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
unosens undamentals, Emerging Technologies, and Applications” CRC
ress, 2022,
. Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
) A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
Lecture: Performance factors of biosensors . . o
10 undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
gl\l/lezril(lti;nti)n'i)c:si(?\?ge? ;3;22%{?3125 dolf (;he courseily | Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
1 g P A. Ozkan, B. Uslu, M. K. Sezgintirk, “Biosensors:
Lecture: Use and applications of biosensors undamentals, Emerging Technologies, and Applications” CRC
Hre: PP ress, 2022.
. . . . Telefoncu (Ed.), “Biyosensorler”, Ege University Press, 1999.
Lecture: Biosensors in environmental measurement A. Orkan, B. Uslu, M. K. Sergintiirk, “Biosensors:
12 and control, sensors in medicine, Food and defense undamentals, Emerging Technologies, and Applications” CRC
ress, 2022.
Lecture: Surface Plasmon Resonance (SPR) ass(Ed.), “Biosensors”, Oxford University Press, 1990
13 Quiz 4 (15 min.) A quiz at the beginning of the course |- Bollella, E. Katz, “Biosensors — Recent Advances and Future
covering the topics covered in weeks 13 and 14 hallenges”, MDPI, 2021.
ass (Ed.), “Biosensors”, Oxford University Press, 1990
14 Lecture: Aptamer-based biosensors . Bollella, E. Katz, “Biosensors — Recent Advances and Future
hallenges”, MDPI, 2021.
15 Student Presentations
16 Final eview of all topics covered.

ECTS WORKLOAD TABLE
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Activities

Duration
(Hour)

Total Workload

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)

20

Final (Examination Duration + Examination Prep. Duration)

25

Total Workload:

Total Workload / 30(h):
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PC-1 Temel kimyasal
kavramlar1 tanimlayrp kimya ile
ilgili alanlardaki bilgileri,
uygulama arag-gereclerle
destekleyerek bilimsel yaklagimi
on plana alacak sckilde ileri
diizeydeki kuramsal ve uygulamali
bilgileri kazanabileceklerdir.

/ Gain advanced theoretical and
applied knowledge by defining
basic chemical concepts and
supporting their knowledge in
chemistry-related  fields  with
application tools and equipment,
emphasizing the scientific
approach.

1
I~
1
1
19)]
19)]
1
19)]

PS‘-Z Alanlarinda  edindikleri
ileri diizey teorik ve uygulamali
bilgilerini, kimya ile ilgili
alanlardaki problemlerin
incelenmesi i¢in deney tasarlayip
¢ozlim yontemi gelistirme, uygun
analitik yontemler ve teknikler
kullanarak  problemleri  ¢dzme,
verileri toplama, sonuglari analiz
etme ve  yorumlama  i¢in
kullanabileceklerdir.

/ Use the advanced theoretical and
practical knowledge they have
acquired in their fields to design
experiments and develop solution
methods to examine problems in
chemistry-related fields, to solve
problems using appropriate
analytical methods and techniques,
to collect data, to analyze and
interpret the results.

Pg-3 Alanlarinda  edindikleri

ileri diizey teorik ve uygulamali
bilgileri kullanarak kimya ile ilgili
alanlarda karsilagilan ve
ongoriilemeyen karmagik
sorunlara, arastirma yontemlerini
kullanarak, yeni stratejik
yaklagimlar gelistirerek ve
sorumluluk alarak ¢Ozim
iiretebileceklerdir.

/ Using the advanced theoretical
and practical knowledge they have
acquired in their fields, they will be
able to produce solutions to
unforeseen and complex problems
encountered in chemistry-related
fields by using research methods,
developing new strategic
approaches and taking
responsibility.

1
I~
I~
I~
I~
19)]
1
I~

Pg-4 Kimya ve ilgili alanlarda
bagimsiz olarak ve paydaslarryla
ortaklasa caligmalar yiiriitebilecek
ve analitik diisiinme yetenegini

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)
Sayfa: 9/11




kullanabileceklerdir. /  Conduct
studies independently and in
collaboration with their
stakeholders in chemistry and
related fields and wuse their
analytical thinking skills.

PC-5 segtikleri bir veya birden
fazla kimya uygulama alaninda
(Kalite Egitimi, Farmasétik Uriin,
Biyokimyasal Teknolojiler,
Polimer Teknolojisi, Gida
Kimyasi, Cevre Kimyast vb )
uzman statiisii kazanabileceklerdir.
/ Gain expert status in one or more
chemistry application areas of their
choice (Quality Education,
Pharmaceutical Product,
Biochemical Technologies,
Polymer Technology, Food
Chemistry, Environmental
Chemistry, etc.).

I

I~
I~

I~

I~

19}

19}

1

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 gerceklestirmek i¢in
etkin bigimde kullanabileceklerdir.
/ Effectively use computer and
artificial intelligence technologies
widely used in the field of
chemistry and at least one
programming language to solve
problems, analyze data and
perform simulations.

PC-7 Kimya ve ilgili alanlardaki
kariyer firsatlarin1 degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecekler ve
bu hedeflere ulagmak i¢in hayat
boyu O0grenme stratejilerini
kullanabileceklerdir. Determine
their personal and professional
development goals by evaluating
career opportunities in chemistry
and related fields and use lifelong
learning strategies to achieve these
goals.

PS ‘-8 Bilimsel arastirmalarini 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.

/ Act with a sense of social
responsibility and justice and in
accordance  with  professional
ethical principles, quality
standards, and universal values by
taking into account potential legal
and societal consequences of their
scientific research and professional
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activities.

PQ-9 Bireysel ya da takim

olarak yiirtittiikleri ¢alismalarda ve
projelerde kalite yonetimi ilkelerini
uygulayarak siirecleri ve sonuglart
kalite standartlar1  ¢ergevesinde
degerlendirebileceklerdir.

/" Evaluate processes and results
within the framework of quality
standards by applying quality
management principles in the work
and projects they carry out
individually or as a team.

PC-10 Belitli bir kimya ile ilgili
konu hakkinda literatlir taramast
yaparak giivenilir bilgi
kaynaklarim1 etkin  bir sekilde
kullanabileceklerdir. / Use
reliable sources of information
effectively by conducting a
literature review on a specific
chemistry-related topic.

I~

I~
I~
I~

I~

(F°N

|~

I~

Pg-ll Teorik ve uygulamali

kimya alaninda 06zgiin akademik
arastirma yirtitebileceklerdir.

/ Conduct original academic
research in the field of theoretical
and applied chemistry.

PC-12 ileri diizey kimya
bilgilerini takip edebilecek, kimya
ile ilgili konular1 ve arastirmalari
kimyasal terminoloji kullanarak
Tiitkce ve Ingilizcede tiim
paydaslara sozlii ve yazili olarak
aktarabileceklerdir. /  Follow
advanced chemistry knowledge
and convey chemistry-related
topics and research to all
stakeholders  verbally and in
writing in Turkish and English
using chemical terminology.

I~

I~
I~
I~

I~

(F°N

|~

I~
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