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1 Program Overview

1.1 Concept

1.1.1 The Jacobs University Educational Concept

Jacobs University aims to educate students for both an academic and a professional career by
emphazing four core objectives: academic quality, self-development/personal growth,
internationality and the ability to succeed in the working world (employability). Hence, study
programs at Jacobs University offer a comprehensive, structured approach to prepare students
for graduate education as well as career success by combining disciplinary depth and
interdisciplinary breadth supplemental with skills education and extra-curricular elements.

In this context, it is Jacobs University’s aim to educate talented young people from all over the
world, regardless of nationality, religion, and material circumstances, to become citizens of the
world who are able to take responsible roles for the democratic, peaceful, and sustainable
development of the societies in which they live. This is achieved employing a high-level teaching
as well as manageable study loads and supportive study conditions. Study programs and related
study abroad programs convey academic knowledge as well as the ability to interact positively
with other individuals and groups in culturally diverse environments. The ability to succeed in
the working world is a core objective of the study programs of Jacobs University, both in terms
of actual disciplinary subject matter and also with regard to the social skills and intercultural
competence. Study-program-specific modules and additional specializations provide the
necessary depth, interdisciplinary offerings and the minor option provide breadth while the
university-wide general foundation and methods modules, mandatory German language
requirements, and an extended internship period strengthen the employability of students. The
concept of living and learning together on an international campus with many cultural and social
activities supplements the students’ education. In addition to that, Jacobs University offers
professional advising and counseling.

Jacob University’s educational concept is highly regarded both nationally and internationally.
While the university has consistently achieved top marks over the last decade in Germany’s
most comprehensive and detailed university ranking by the Center for Higher Education (CHE),
it has also been listed by the renowned Times Higher Education (THE) magazine as one of the
top 300 universities worldwide in 2018. The THE ranking is considered as one of the most
widely observed university rankings. It is based on five major indicators: research, teaching,
research impact, international orientation, and the volume of research income from industry.

1.1.2 Program Concept

Chemistry is the scientific discipline involved with elements and compounds composed of
atoms, molecules, and ions, and it studies their composition, structure, behavior, and the
changes they undergo during a reaction with other substances. Biotechnology is the application
of biology to the solution of real-life challenges, where an element of profit is a prerequisite.
The two disciplines are connected by their molecular approach and by their vast commercial
importance. Both chemistry and biotechnology relate to many aspects of human life. They lie
at the heart of some of the world’s most advanced industries, for example, those producing
goods, materials, fuels, or pharmaceuticals, as well as those focusing on sustainable energy
development and even food and beverage. In particular, the chemical industry is rapidly
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transforming into a bio-based industry in line with the evolution of modern societies towards
bio-based economies founded on sustainability and zero CO, emission. Fostering the synergies
between chemistry and biotechnology is expected to strongly facilitate groundbreaking
innovations and develop solutions for mankind’s most urgent and foreseeable problems: energy,
environment, food, and health. The study program Chemistry at Jacobs University supports this
synergy already at the level of undergraduate education. The Chemistry program follows the
guidelines of the GDCh! and the DECHEMA e.V.2 GDCh is the central organization of chemistry
in Germany and has published suggestions for studies in chemistry. DECHEMA e.V. is an expert
network for chemical engineering and biotechnology

At Jacobs University, we equip our Chemistry students with the knowledge, research techniques,
and problem-solving skills necessary for a career in chemistry and/or biotechnology, and for
further studies at the Master or PhD level. Simultaneously, we support their careers in the public
or private sector, in research or management. The transdisciplinary Chemistry study program
offers chemistry modules that include organic, inorganic, analytical, and physical chemistry;
students are also taught the relevant aspects of mathematics, engineering, and industrial
practice. The focus of biotechnology in this study program is to learn how industry can take
advantage of biocatalysts and biomolecules in order to contribute to a more sustainable future.
Biorefining, i.e the uses of renewable rather than fossil resources, is another major aspect of
Chemistry; this will introduce students to the concept and practice of the “circular economy.”

Early access to research is another central aspect of Chemistry. Over the course of the three-
year study program, students take extensive laboratory courses and conduct their own research
projects during their third year of study. Undergraduate students are strongly encouraged to
engage in research projects with graduate students as early as their first or second semester at
Jacobs University. Past students have contributed to and co-authored published journal articles
by Jacobs University professors and their research groups.

As a consequence, students graduating with a B.Sc. degree in Chemistry from Jacobs University
are in an excellent position to specialize in any field of chemistry, and additionally in the fields
of chemical and industrial biotechnology, pharmaceutical and food technology, applied
microbiology, or synthetic biology;

1 https://www.gdch.de/fileadmin/downloads/Ausbildung und Karriere/Schule Studium Ausbildung/PDF/GDCh _Studienkommission 2015.pdf

2 https://dechema.de/Empfehlungen Ausbildung Biotechnologie.html|?highlight=Studium+Biotechnologie+Lehre

1.2 Specific Advantages of Chemistry at Jacobs University

A Combining chemistry and biotechnology in an undergraduate program is relatively
recent, and Jacobs University is one of the few universities that offer this path. The
connections and synergies between these fields become clear to the students already
within the first year of study. Students also obtain an overview very early on of how these
scientific fields affect society; this helps them to identify their own area of interest.

A Due to the combination of the two scientific fields, Chemistry students will be
particularly strong in recognizing the potential of combining chemical catalysis with
bioconversions in the context provided by established industrial sectors or in the creation
of innovative approaches.

A The Chemistry program has a very strong practical component with excellent laboratory
courses. This helps students gain the hands-on experience that they need to apply for
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high-level internships and graduate school positions. The Bachelor thesis consists of
research work in the research groups of the Faculty in the Department of Life Sciences
and Chemistry. The research carried out by Chemistry students regularly results in co-
authorships of scientific publications;

While the Chemistry program covers undergraduate education in chemistry and
biotechnology, the broad experience of Jacobs University Life Sciences and Chemistry
Faculty and the courses they offer also allow students to explore related subjects such
as biophysics, bioinformatics, medicinal chemistry, chemical biology, drug design,
marine science, food analytics, molecular immunology, biochemistry, cell biology,
microbiology, and others;

While the Chemistry program is essentially of an academic nature, students are exposed
to practical aspects impacting industrial practice. They learn the fundamentals of
engineering and economics that allow them to effectively communicate across a variety
of professional roles and industries.

1.3 Program-Specific Educational Aims

1.3.1 Qualification Aims

The Chemistry program prepares students for an academic or professional career in the fields
of Chemistry and/or Biotechnology:

A

Throughout their studies, Chemistry students acquire profound and comprehensive
theoretical knowledge in the fields of general, inorganic, and organic chemistry,
biochemistry, microbiology, genetics, molecular biology, industrial microbiology, and
process science, thereby gaining a thorough understanding of the principal concepts in
these research and application areas. Furthermore, students learn how to abstract and
transfer their knowledge to new research areas, an essential skill in the modern life
sciences.

Presentation skills are developed through scientific poster preparation and oral
presentations. In this context, students are exposed to primary scientific literature.

The theoretical education is complemented by practical training in laboratory courses in
all the fields of the Chemistry major, both within chemistry and within biotechnology. In
these courses, students acquire excellent technical skills and employ state-of-the-art
methods. In addition, they learn how to accurately document and analyze scientific data
through the writing of lab reports and the Bachelor thesis, all following publication-style
rules.

Through their involvement in research conducted at Jacobs University, students
experience an authentic research environment that also teaches them to adhere to
ethical standards and good laboratory practice. They further learn how to develop and
defend their individual research project, and they acquire an early perspective on
prospective careers;

Intensive teamwork in laboratory courses and within research groups enables students
to take responsibility for their own work, and they also learn how to constructively engage
in international teams in an atmosphere of mutual acceptance and respect.
Consequently, Chemistry graduates have acquired a high communication competence.
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They are aware of intercultural differences and possess skills to deal with the challenges
of a global job market;

1.3.2 Intended Learning Outcomes

The students will acquire skills and knowledge in the areas of

A: Chemistry and Biotechnology Related Knowledge

B: Chemistry and Biotechnology Related Intellectual Skills

C: Chemistry and Biotechnology Related Practical Skills

D: Transferable Skills

In each of these four fields, students will, by the end of the study program, be able to:

Al.
A2.

A3.
A4.
A5.
A6.

A7.
A8.
B1.

B2.

B3.

B4.

B5.

B6.

Cl.

recognize the fundamental properties, structures, and reactivity of chemical substances;

explain the fundamental facts, principles, and theories for the principal areas of chemistry
(analytical, organic, inorganic, and physical);

apply physical principles to chemical and biotechnological concepts;
recognize basic biochemical patterns of the structure and reactivity of molecules in nature;
apply calculational tools to quantitative problems in Chemistry and Biotechnology;

explain the concept of biomolecules and the use of biocatalysts for the synthesis of useful
chemicals;

identify possibilities to manipulate genes, enzyme activities, and metabolic pathways;
explain the structure and genetic modification of microorganisms;

apply chemical principles to formulate and analyze analytical and synthetic chemical
problems;

analyze and interpret experimental data, critically assess data in literature, and extract
useful data from it;

carry out directed research by selecting appropriate topics and procedures, and present the
results;

demonstrate appreciation of chemical and biotechnological topics relevant to
environmental issues;

use their knowledge to view issues in chemistry and biotechnology from a global
perspective;

reflect on the consequences of chemical and biotechnological activities on humanity and
the environment;

assess and manage the risks of chemical substances and laboratory procedures by
evaluating their potential impact on the environment and the experimenter;



C2. assess and manage the risks of gene-modified organisms by evaluating their potential
impact on the environment and the experimenter;

C3. conduct standard laboratory procedures involved in synthetic, analytic, and instrumental
work;

C4. operate a range of chemical and biotechnological instrumentation with adequate hands-on
experiences;

D1. communicate effectively both orally and in writing with professionals and/or a lay audience;

D2. possess information technology skills, especially in the areas of information retrieval,
literature search, and the use of library databases;

D3. work independently and collaborate effectively with other people in a team;

D4. self-evaluate their own learning progress, and develop motivation and learning skills for
lifelong learning.

1.4 Career Options

Career opportunities for Chemistry students are diverse and abundant. In general, the
combination of chemistry and biotechnology increases employability, since biotechnological
applications in chemical industry are increasingly important. Sustainability and environmental
protection are topics of ever increasing importance in society and industry. In research and
development, career opportunities cover the areas of chemicals, pharmaceuticals, fuels,
nanotechnology, materials, and energy, to environmental monitoring and forensic science.

The educational concept of Jacobs University aims at fostering employability which refers to
skills, capacities, and competencies that transcend disciplinary knowledge and allow graduates
to quickly adapt to professional contexts. Jacobs University defines employability as
encompassing, i.e., it focuses not only on technical skills and understanding but also on
personal attributes, competencies, and qualities that enable students to become responsible
members of their professional and academic fields as well as of the societies they live in.

Graduates of Jacobs University are equipped with the ability to find employment and to pursue
a successful professional career, which means that graduates will be able to:

9 acquire knowledge rapidly, and gather, evaluate, and interpret relevant information,
and evaluate new concepts critically to derive scientifically founded judgements;

9 apply their knowledge, understanding and methodological competences to their
activity or profession to solve problems;

9 present themselves and their ideas effectively;

9 take responsibility for their own and their team’s learning and development;

Graduates of Jacobs University are also equipped with a foundation to become globally
responsible citizens, which includes the following attributes and qualities:

9 Graduates have gained intercultural competence, and are aware of intercultural
differences and possess skills to deal with intercultural challenges; they are familiar
with the concept of tolerance;

9 Graduates can rely on basic civic knowledge, are able to analyze global issues of an
economic, political, scientific, social, or technological nature, and are able to evaluate
situations and make decisions based on ethical considerations;
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9 Graduates are able and prepared to take responsibility for their professional
community and society;

1.5 Admission Requirements

Admission to Jacobs University is selective and based on a candidate’s school and/or university
achievements, recommendations, self-presentation, and performance on required standardized
tests. Students admitted to Jacobs University demonstrate exceptional academic achievements,
intellectual creativity, and the desire and motivation to make a difference in the world;

The following documents need to be submitted with the application:

. Recommendation Letter

. Official or certified copies of high school/university transcripts
. Educational History Form

o Standardized test results (SAT/ACT/TestAS) if applicable

. ZeeMee electronic resume (optional)

. Language proficiency test results (TOEFL, IELTS or equivalent)

German language proficiency is not required, instead all applicants need to submit proof of
English proficiency;

For any student who has acquired the right to study at a university in the country where she/he
has acquired the higher education entrance qualification Jacobs University accepts the common
international university entrance tests as a replacement for the entrance examination.
Applicants who have a subject-related entrance qualification (fachgebundene Hochschulreife)
may be admitted only to respective study programs;

For more detailed information visit:

https://www. jacobs-university.de/study/undergraduate/application-information

1.6 More Information and Contact

For more information please contact the study program coordinator:

Prof. Dr. Detlef Gabel

Professor of Chemistry

Email: d.gabel@jacobs-university.de
Tel: +49 421 200-3585

Prof. Dr. Ulrich Kortz

Professor of Chemistry

Email: u.kortz@jacobs-university.de
Tel: + 449 421 200-3235

visit the program website: www.jacobs-university.de/cbt-program
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2 The Curricular Structure

2.1 General

The curricular structure provides multiple elements for enhancing employability,
interdisciplinarity, and internationality. The unique Jacobs Track, offered across all
undergraduate study programs, provides comprehensive tailor-made modules designed to
achieve and foster career competency. Additionally, a mandatory internship of at least two
months after the second year of study and the possibility to study abroad for one semester give
students the opportunity to gain insight into the professional world, apply their intercultural
competences and reflect on their role and ambitions for employment and in a globalized society.

All undergraduate programs at Jacobs University are based on a coherently modularized
structure, which provides students with an extensive and flexible choice of study plans to meet
the educational aims of their major as well as minor study interests and complete their studies
within the regular period;

The framework policies and procedures regulating undergraduate study programs at Jacobs
University can be found on the website (https://www.jacobs-university.de/academic-policies);

2.2 The Jacobs University 3C Model

Jacobs University offers study programs that comply with the regulations of the European Higher
Education Area. All study programs are structured according to the European Credit Transfer
System (ECTS), which facilitates credit transfer between academic institutions. The three-year
under-graduate program involves six semesters of study with a total of 180 ECTS credit points
(CP). The undergraduate curricular structure follows an innovative and student-centered
modularization scheme - the 3C-Model - that groups the disciplinary content of the three study
years according to overarching themes:

Year lll:
CAREER

Students enhance
their CAREER skills

Year I: Year ll:

CHOICE CORE
Students have the Students study the
CHOICE to decide on CORE elements of

their major after the their major and may
first year of study; choose a minor;

and prepare for the
job market, graduate
school and society;

Figurel: The Jacobs University-8@del

2.2.1 Year 1 - CHOICE

The first study year is characterized by a university-specific offering of disciplinary education
that builds on and expands upon students’ entrance qualifications. Students select introductory
modules for a total of 45 CP from the CHOICE area of a variety of study programs, of which 15-
30 CP will be from their intended major. As a unique asset, our curriculum structure allows
students to select their major freely upon entering Jacobs University. The Academic Advising
Coordinator offers curricular counseling to all Bachelor students independently of their major,
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while Academic Advisors support students in their decision making regarding their major study
program as contact persons from faculty;

To pursue Chemistry as a major, the following CHOICE modules (30 CP) are mandatory:

9 CHOICE Module: General Biochemistry (7.5 CP)

1 CHOICE Module: General and Inorganic Chemistry (7.5 CP)

9 CHOICE Module: Introduction to Biotechnology: Microbiology and Genetics (7.5 CP)
9 CHOICE Module: General Organic Chemistry (7.5 CP)

The remaining CHOICE modules (15 CP) can be selected in the first year of study according to
interest and with the aim of allowing a change of major up until the beginning of the second
year, when the major becomes fixed (see 2.2.1.1 below);

We highly recommend the module ‘General Cell Biology’ (7.5 CP) to deepen knowledge in life
sciences.

2.2.1.1 Major Change Option

Students can still change to another major at their beginning of the second year of study if they
have taken the corresponding mandatory CHOICE modules in the first year of study. All students
must participate in a seminar on the major change options in the O-Week and consult their
Academic Advisor in the first year of study prior to changing their major;

Chemistry students who would like to retain an option for a major change are strongly
recommended to register for the CHOICE modules of one of the following study programs in
their first year. The module descriptions can be found in the respective Study Program
Handbook;

. Biochemistry and Cell Biology (BCCB)
CHOICE Module: General Cell Biology (7.5 CP)

1 Medicinal Chemistry and Chemical Biology (MCCB)
CHOICE Module: General Medicinal Chemistry and Chemical Biology (7.5 CP)

. Earth and Environmental Studies (EES)
CHOICE Module: General Earth and Environmental Sciences (7.5 CP)
CHOICE Module: General Geology (7.5 CP)

For students with interest in Physics, Computer Science, or Mathematics, it is recommended
that the respective CHOICE modules are chosen during their first year of studies. Further
possibilities outside these fields include:

i Psychology
CHOICE Module: Essentials of Cognitive Psychology (7.5 CP)
CHOICE Module: Essentials of Social Psychology (7.5 CP)

. International Relations: Politics and History (IRPH)

CHOICE Module: Introduction to International Relations Theory (7.5 CP)
CHOICE Module: Introduction to Modern European History (7.5 CP)
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2.2.2 Year 2 - CORE

In their second year, students take with a total of 45 CP from a selection of in-depth, discipline-
specific CORE modules. Building on the introductory CHOICE modules and applying the
methods and skills acquired so far (see 2.3.1), these modules aim to expand the students’
critical understanding of the key theories, principles, and methods in their major for the current
state of knowledge and best practice;

To pursue Chemistry as a major, the following 45 CP of CORE modules need to be taken:

=

CORE Module: Physical Chemistry (5 CP)

CORE Module: Industrial Biotechnology (5 CP)

CORE Module: Advanced Inorganic Chemistry (5 CP)

CORE Module: Scientific Software and Databanks (5 CP)

CORE Module: Advanced Organic/Analytical Chemistry Lab (5 CP)
CORE Module: Advanced Organic Chemistry (5 CP)

CORE Module: Bioprocess Engineering (5 CP)

CORE Module: Advanced Biotechnology Lab (5 CP)

CORE Module: Inorganic/Physical Chemistry Lab (5 CP)

= =4 =4 =4 -4 -8 -4 -9

For students pursuing a minor in another study program (see below) the modules Scientific
Software and Databanks and Advanced Biotechnology Lab can be replaced by modules of the
minor study program. The module Advanced Biotechnology Lab has to be then taken in the third
year as a specialization module;

2.2.2.1 Minor Option

Chemistry students can take CORE modules (or more advanced Specialization modules) from a
second discipline, which allows them to incorporate a minor study track into their undergraduate
education, within the 180 CP required for a Bachelor degree. The educational aims of a minor
are to broaden the students’ knowledge and skills, support the critical reflection of statements
in complex contexts, foster an interdisciplinary approach to problem-solving, and to develop an
individual academic and professional profile in line with students’ strengths and interests. This
extra qualification will be highlighted in the transcript.

The Academic Advising Coordinator, Academic Advisor, and the Study Program Chair of the
minor study program support students in the realization of their minor selection; the
consultation with the Academic Advisor is mandatory when choosing a minor;

As arule, a minor in another field of study requires a Chemistry student to:

. take mandatory CHOICE modules (15 CP) from the desired minor program in the
first year

. substitute the mandatory elective Chemistry CORE modules "Scientific Software and
Databases" and “Advanced Biotechnology Lab” and the mandatory elective
METHODS module “Plant Metabolism and Natural Products” in the second year (15
CP in total) with the minor CORE or Specialization modules of the minor study
program. The module “Advanced Biotechnology Lab” must be taken in the third year
when selecting the minor option (see Specialization Modules below);
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The requirements for each specific minor are described in the handbook of the study program
offering the minor (chapter 3.2) and are marked in the respective Study and Examination Plans.
An overview of accessible minors is found in the Major/Minor Combination Matrix which is
published at the beginning of each academic year;

2.2.3 Year 3 — CAREER

During their third year, students prepare and make decisions about their career path after
graduation. To explore available choices and to gain professional experience, students
undertake a mandatory summer internship. The third year of studies allows Chemistry students
to take Specialization modules within their discipline, but also focuses on the responsibility of
students beyond their discipline (see Jacobs Track);

The fifth semester also opens a mobility window for a diverse range of study abroad options.
Finally, the sixth semester is dedicated to fostering the students’ research experience by
involving them in an extended Bachelor thesis project;

2.2.3.1 Internship / Start-up and Career Skills Module

As a core element of Jacobs University’s employability approach students are required to engage
in a mandatory two-month internship of 15 CP that will usually be completed during the summer
between the second and third year of study. This gives students the opportunity to gain first-
hand practical experience in a professional environment, apply their knowledge and
understanding to a professional context, reflect on the relevance of their major in employment
and society, reflect on their own role in employment and society, and find professional
orientation. The internship can also establish valuable contacts for the student’s Bachelor thesis
project, for the selection of a Master program, or further employment after graduation. The
module is complemented by career advising and several career skills workshops throughout all
six semesters that prepare students for the transition from student life to professional life. As
an alternative to the full-time internship, students interested in setting up their own company
can apply for a start-up option to focus on the development of their business plan.

For further information, please contact the Career Services Center (https://www.jacobs-
university.de/career-services)

2.2.3.2 Specialization Modules

In the third year of their studies, students take 15 CP from major-specific or major-related,
advanced Specialization modules to consolidate their knowledge to be exposed to state-of-the-
art research in areas of their interest. This curricular component is offered as a portfolio of
modules, from which students can make free selections during their fifth and sixth semester.
The default specialization module size is 5 CP, with smaller 2.5 CP modules being possible as
justified exceptions;

To pursue Chemistry as major, at least 15 CP from mandatory elective Specialization Modules
need to be taken, of which one should have a biotechnological content (Environmental
Microbiology and Biotechnology and Chemical and Pharmaceutical Technology). The following
Specialization courses are offered:

. Specialization: Advanced Organic Synthesis (from MCCB) (5 CP)
. Specialization: Organometallic Chemistry (5 CP)
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. Specialization: Environmental Microbiology and Biotechnology (5 CP)

. Specialization: Chemical and Pharmaceutical Technology (5 CP)

. CORE MCCB: Medicinal Chemistry (5 CP)

. CORE EES: Environmental Science (7.5 CP)*
*due to the size of the module students who take the module may exceed the
workload of 30 CP per semester.

For detailed information on the contents of the Specialization modules, the reader is referred
to the respective module descriptions.

Students pursuing a minor (see above) must take the CORE module Advanced Biotechnology
Lab (5 CP) instead of a specialization module.

2.2.3.3 Study Abroad

Students have the opportunity to study abroad for a semester to extend their knowledge and
abilities, broaden their horizons and reflect on their values and behavior in a different context
as well as on their role in a global society. For a semester abroad (usually the fifth semester),
modules related to the major with a workload equivalent to 22.5 CP must be completed.
Modules recognized as study abroad CP need to be pre-approved according to Jacobs University
study abroad procedures. Several exchange programs allow students to directly enroll at
prestigious partner institutions worldwide. Jacobs University’s participation in Erasmus+, the
European Union’s exchange program, provides an exchange semester at a number of European
universities that include Erasmus study abroad funding;

For further information, please contact the International Office (https:/www.jacobs-
university.de/study/international-office)

Chemistry students that wish to pursue a study abroad in their fifth semester are required to
select their modules at the study abroad partners such that they can be used to substitute
between 10-15 CP of major-specific Specialization modules and between 5-15 CP of modules
equivalent to the non-disciplinary Big Questions modules or the Community Impact Project (see
Jacobs Track). In their sixth semester, according to the study plan, returning study-abroad
students complete the Bachelor Thesis/Seminar module (see next section), they take any
missing Specialization modules to reach the required 15 CP in this area, and they take any
missing Big Questions modules to reach 15 CP in this area. Study abroad students are allowed
to substitute the 5 CP Community Impact Project (see Jacobs Track below) with 5 CP of Big
Questions modules;

2.2.3.4 Bachelor Thesis/Seminar Module

This module is a mandatory graduation requirement for all undergraduate students. It consists
of two module components in the major study program guided by a Jacobs faculty member: the
Bachelor Thesis (12 CP) and a Seminar (3 CP). The title of the thesis will appear on the
transcript.

Within this module, students apply the knowledge, skills, and methods they have acquired in
their major discipline to become acquainted with actual research topics, ranging from the
identification of suitable (short-term) research projects, preparatory literature searches, the
realization of discipline-specific research, and the documentation, discussion, and
interpretation of the results;
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With their Bachelor Thesis, students demonstrate mastery of the contents and methods of the
major-specific research field. Furthermore, students show the ability to analyze and solve a well-
defined problem with scientific approaches, a critical reflection of the status quo in scientific
literature, and the original development of their own ideas. With the permission of a Jacobs
Faculty supervisor, the Bachelor Thesis can also have an interdisciplinary nature. In the
seminar, students present and discuss their theses in a course environment and reflect on their
theoretical or experimental approach and conduct. They learn to present their chosen research
topics concisely and comprehensibly in front of an audience and to explain their methods,
solutions and results with both specialists and non-specialists;

2.3 The Jacobs Track

The Jacobs Track, another important feature of Jacobs University’s educational model, runs
parallel to the disciplinary CHOICE, CORE, and CAREER modules across all study years and is
an integral part of all undergraduate study programs. It reflects a university-wide commitment
to an in-depth training in scientific methods, fosters an interdisciplinary approach, raises
awareness of global challenges and societal responsibility, enhances employability, and equips
students with extra augmented skills desirable in the general field of study. Additionally, it
integrates (German) language and culture modules;

2.3.1 Methods and Skills modules

Methods and skills such as mathematics, statistics, programming, data handling, presentation
skills, academic writing, and scientific and experimental skills are offered to all students as part
of the Methods and Skills area in their curriculum. The modules that are specifically assigned
to the study programs equip students with transferable academic skills. They convey and
practice specific methods that are indispensable for each students’ chosen study program.
Students are required to take 20 CP in the Methods and Skills area. The size of all Methods
and Skills modules is 5 CP;

To pursue Chemistry as a major, the following Methods and Skills modules (20 CP) need to be
taken as mandatory modules:

Methods Module: Mathematical Concepts for the Sciences (5 CP)
Methods Module: Physics for the Natural Sciences (5 CP)
Methods Module: Analytical Methods (5 CP)

Methods Module: Plant Metabolites and Natural Products (5 CP)

The Module Plant Metabolites and Natural Products can be replaced with a CORE module from
another study program in order to pursue a minor

2.3.2 Big Questions modules

The modules in the Big Questions area (10 CP) intend to broaden the students’ horizons with
applied problem solving between and beyond their chosen disciplines. The offerings comprise
problem-solving oriented modules that tackle global challenges from the perspectives of
different disciplinary backgrounds and that allow, in particular, for a reflection of the acquired
disciplinary knowledge in economic, societal, technological, and/or ecological contexts. Working
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together with students from different disciplines and cultural backgrounds, these modules cross
the boundaries of traditional academic disciplines;

Students are required to take 10 CP from modules in the Area. This curricular component is
offered as a portfolio of modules, from which students can make selections during their fifth
and sixth semester, with the aim of achieving exposure to the full spectrum of economical,
societal, technological, and/or ecological contexts. The size of Big Questions Modules is either
2.50r5CP;

Chemistry students take Ethics in Science and Technology (5 CP) as a mandatory module. For
the remaining 5 CP the students can select freely among the offered modules. However, it is
recommended for Chemistry students to take the module “Sustainable Value Creation with
Biotechnology. From Science to Business (2.5 CP).”

2.3.3 Community Impact Project

In their fifth semester students are required to take a 5 CP Community Impact Project (CIP)
module. Students engage in on-campus or off-campus activities that challenge their social
responsibility, i.e., they typically work on major-related projects that make a difference in the
community life on campus, in its campus neighborhood, Bremen, or on a cross-regional level.
The project is supervised by a faculty coordinator and mentors;

Study abroad students are allowed to substitute the 5-CP Community Impact Project with 5 CP
of Big Questions modules;

2.3.4 Language Modules

Communication skills and foreign language abilites foster students’ intercultural awareness and
enhance their employability in an increasingly globalized and interconnected world. Jacobs
University supports its students in acquiring and improving these skills by offering a variety of
language modules at all proficiency levels. Emphasis is put on fostering the German language
skills of international students as they are an important prerequisite for non-native students to
learn about, explore, and eventually integrate into their host country and its professional
environment. Students who meet the required German proficiency level (e.g., native speakers)
are required to select modules in any other modern foreign language offered (Chinese, French
or Spanish). Hence, acquiring 10 CP in language modules, with German mandatory for non-
native speakers, is a requirement for all students. This curricular component is offered as a
four-semester sequence of foreign language modules. The size of the Language Modules is 2.5
CP;

3 Chemistry as a Minor

The typical target group aiming at a Minor in Chemistry are students of the majors BCCB and
MCCB with an interest in biotechnology and a deepened understanding of chemistry.

3.1 Qualification Aims

The students learn about physical-chemical laws of broad applications to their own major,
deepen their knowledge of bioconversions and their industrial applications in the production of
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food, chemicals, fuels, and pharmaceuticals, and become familiar with concepts in inorganic
chemistry relevant to structure and bonding, metal complexes, and spectroscopic properties;

3.1.1 Intended Learning Outcomes

With a minor in Chemistry, students are able to:

1 Recognize fundamental properties, structures, and the reactivity of inorganic substances

1 Apply calculational tools to quantitative problems in Chemistry and Biotechnology

9 Explain the concept of biomolecules and the use of biocatalysts for the synthesis of
useful chemicals

1 Identify possibilities to manipulate genes, enzyme activities, and metabolic pathways

3.2 Module Requirements

A minor in Chemistry requires 30 CP. The default option to obtain a minor in Chemistry is
marked in the Study and Examination Plans. It consists of the following CHOICE and CORE
modules:

CHOICE Module: General and Inorganic Chemistry (7.5 CP)

CHOICE Module: Introduction to Biotechnology: Microbiology and Genetics (7.5 CP)
CORE Module: Industrial Biotechnology (5 CP)

CORE Module: Physical Chemistry (5 CP)

CORE Module: Advanced Inorganic Chemistry (5 CP)

=A =4 -4 =4 =4

Students from majors other than BCCB or MCCB are strongly advised to have prior
knowledge of organic chemistry, biomolecules, and the fundamentals of enzymatic
reactions;

3.3 Degree

After successful completion, the minor in Chemistry will be listed on the final transcript under
PROGRAM OF STUDY and BA/BSc — [name of the major] as “(Minor: Chemistry).”

4 Chemistry Undergraduate Program Regulations

4.1 Scope of these Regulations

The regulations in this handbook are valid for all students who enter the Chemistry
undergraduate program at Jacobs University in Fall 2019. In case of a conflict between the
regulations in this handbook and the general Policies for Bachelor Studies, the latter applies
(see http://www.jacobs-university.de/academic-policies).

In exceptional cases, certain necessary deviations from the regulations of this study handbook
might occur during the course of study (e.g., change of the semester sequence, assessment
type, or the teaching mode of courses). Jacobs University Bremen reserves therefore the right
to modify the regulations of the program handbook.
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4.2 Degree

Upon successful completion of the study program, students are awarded a Bachelor of Science
degree in Chemistry;

4.3 Graduation Requirements

In order to graduate, students need to obtain 180 credit points. In addition, the following
graduation requirement applies:

Students need to complete all mandatory components of the program as indicated in the Study
and Examination Plan in Chapter 6 of this handbook;
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5 Schematic Study Plan for Chemistry

Figure 2 shows schematically the sequence and types of modules required for the study program. A more detailed description, including the assessment types, is
given in the Study and Examination Plans in the following section.

BSc Chemistry (180 CP) Big Questions Big
Bachelor Thesis/Semi Ethics in Science and TG
achelor Thesis/Seminar
Technology 25 cp
(m, 15 CP) (m, 5 CP) (me, 2.5 CP)
Study Abroad Option (22.5 CP
"2 Y . ( ) Community Impact Big -
b Specialization Project Questions
> (m, 5CP) (me, 2.5 CP) 1§
Internship/Start-Up (m, 15 CP)
CORE* CORE CORE Methods/Skills Language
Advanced Inorganic Scientific Software and | Bioprocess Engineering | Inorganic and Physical Plant Metabolites and (me, 2.5 CP)
Chemistry o Databanks' (m, 5CP) Chemistry Lab Natural Products’
CORE
(m, 5 CP) " (me, 5 CP) (m, 5CP) (me, 5 CP)
~ Physical
“ " Chemistry
o CORE (m, 5 CP) CORE CORE CORE Methods/Skills Language
> Industrial Advanced Organic Organic and Advanced Analytical Methods (me, 2.5 CP)
Biotechnology Chemistry Analytical %hemistry Biotechnology Lab? (m, 5 CP)
m, 5 CP La ,5CP
( ) (m, 5 CP) (. 5 CP) (m )
CHOICE* CHOICE CHOICE Methods/Skills Language
Introduction to Biotechnology General Organic Chemistry Own Selection Physics for the Natural J§ (me, 2.5 CP)
(me, 7.5 CP) Sciences
(m, 7.5 CP) (m, 7.5 CP) (m, 5 CP)
i
& CHOICE* CHOICE CHOICE Methods/Skills Language
$ General and Inorganic Chemistry (m, General Biochemistry Own Selection Mathematical Concepts|§ (me, 2.5 CP)
7.5CP) (m, 7.5 CP) (me, 7.5 CP) for the Sciences
(m, 5 CP)
Area

JACOBS TRACK 45 CP

Figure2: Schematic Study Plan

* mandatory forminor studentg(default minor)
m = mandatory
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me = mandatory elective
1 Module can be replaced with a CORE moduwl@ fanother study program in order to pursue a minor

2 Module can be replaced with a CORE module from another study program in order t® pumnsinor, but has to be taken in Year 3, replacing one specialization modu



6 Study and Examination Plan

Chemistry BSc
Matriculation Fall 219
Program-Specific Modules Type Assessment Period Staws' Sem. CP |_| Jacobs Track Modules (General Education) Type Assessment Period Staws' Sem. CP
Year 1 - CHOICE 45 15
Take the CHOICE modules listed below. This is a I for the Chemistry pfogram
Unit: Chemistry and Biotechnology (default minor) Unit: Methods / Skills 10
CH-120 Module: General and Inorganic Chemistry (default minor) m 175 JTMS-MAT-07__Module: Concepts for the Sciences m__1 5
CH-120-A General and Inorganic Chemistry Lecture_ Written examination _ Examination period 5 JTMS07  Mathematical Concepts for the Sciences Lecture Written examinationExamination period 5
CH-120-8 General and Inorganic Chemistry Lab Lab Lab report During the semester 25
CH-121 Module to (default minor) m__2 75 JTMS-SCI-17__Module: Physics for the Natural Sciences m__2 5
CH-121-A Introduction to Biotechnology Lecture. Written examination  Examination period 5 JTMS-17 _ Physics for the Natural Sciences Lecture Written examination Examination period 5
CH-121.8 Biotechnology Lab Lab___written examination _Examination period 25
Unit: Mixed unit (BCCB and MCCB) Unit: Language m 5
CH-100 Module: General m__ 175 ‘German is default language. Native German speakers take modules in another offered language.
CH-100-A General Biochemistry Lecture Written examination _ Examination period 5 JTLAX__ Module: Language 1 m__ 1 25
CH-100-8 General istry Lab Lab Lab report During the semester 25 JTLA-0x __Language 1 Seminar Various Various me
CH-111 Module: General Organic Chemistry m__2 75 JTLAX__ Module: Language 2 m__2 25
CH-111-A General Organic Chemistry Lecture Written examination _ Examination period 5 JTLAx  Language 2 Seminar Various Various me
CH-111-8 General Organic Chemistry Lab Lab Lab report During the semester 25
Unit: CHOICE (own selection) w2 15
Take wo further CHOICE modules from those offered for al other study programs 2
Year 2 - CORE 45 15
Take all modules listed below or replace mandatory elective ("me") CO modules (15 CP) by suitable CORE modules from other stufly programs.
) Unit: Inorganic and Physical Chemistry and Industial Bi Unit: Methods / Skills 10
CO-440 Module: Physical Chemistry (default minor) m 3+ 5 JTMS-SCI16__ Module: Analytical Methods m_ 3 s
CO-440-A Physical Chemistry | Lecture_ Written examination /__Examination period 3 | 25 JTMS-16 __ Analytical Methods Lecture_Written examination_Examination period
CO-440-8 Physical Chemistry I Lecture During the semester 4 25 JTMS-SCI-18 _Module: Plant and Natural Products me 45
CO-a41 Module: Industrial (default minor) m__3 5 JTMS18  Plant Metabolites and Natural Products Lecture Written examination_Examination period
CO-441-A industrial Biotechnology Lecture_Written examination _Examination period
CO-442 Module: Advanced Inorganic Chemistry (default minor) m 4 5
CO-442-A ‘Advanced Inorganic Chemistn Lecture_Written period Unit: Language m 5
Unit: Organic and Analytical Chemistry (shared with MCCB) German is default language. Native German speakers take modules in another offered language.
co-423 Module: Advanced Organic Chemistry m_ 3 s JTLAX__ Module: Language 3 m_ 3 25
CO-423A ‘Advanced Organic Chemistry Lecture _Written period JTLAx __Language 3 Seminar Various Various me
CO-243 Module: Scientific Software and Databanks meé 4 5 JTLAX___ Module: Language 4 m_ 4 25
CO-443-A Scientific Software and Databank Seminar Reports During the semester JTLAx  Language 4 Seminar Various Various me
CO-424 Module: Advanced Organic and Analytical Chemistry Lab m__3 5
CO-424-A Advanced Organic Chemistry Lab Lab Lab report During the semester 25
co-424-8 Analytical Chenistry Lab Lab Lab report During the semester 25
Unit: Advanced Chemistry and Biotechnology
CO-444 Module m 4 5
CO-444-A Lecture_Written period
CO-a45 Module: Advanced Lab m__3 5
CO-445-A "Advanced Biotechnology Lab Lab Lab Report During the semester
CO-446 Module: Inorganic and Physical Chemistry Lab m 4 5
CO-446-A Inorganic Chemistry Lab Lab Lab Report During the semester 25
CO-446-8 Physical Chemistry Lab Lab Lab Report During the semester 25
Year 3 - CAREER 45 15
CAINT-900 Module: Internship / Startup and Career Skills m 45 15 Unit: Big Questions 10
CA-INT-9000 Internship / Startup and Career Skills RZ‘;‘;"/B“S"“’SS P12 b uring the &'semester 15 JTBQ-BQ-003 Module: Ethics in the Sciences and Technology m 5 5
CACBT-800  Module: Thesis /Seminar m 6 15 JTBQ-003  Module: Ethics in the Sciences and Technology Written examination { . ination period 5
Lecture presentation
CA-CBT-800-T  Thesis Chemistry Thesis  Project/Thesis 15" of May 12 | |Takeatotal of 5 CP of further Big Questions modules (each 2.5 or 5 CP) as mandatory electiv Various Various Various me 5
CA-CBT-800-S__ Seminar Chemistry Seminar___Presentation During the semester 3 Unit: Community Impact Project 5
Unit: Chemistry (at least one specialization module from B ) m 15 JTCI-CI950 _ Module: Community Impact Project m_5 5
Bl 15 CP of specialization modules JTCL950  Community Impact Project Project Project Examination perioc
CA'S-CBT-801 _Spedialization Module: me 5 5
CA-CBT-801___Chemical and Technology Lecture _Written period
CAS-CBT-802__Spedialization Module: me 5 5
CA-CBT-802____Organometalic Chemistry Lecture _Oral examination __Examination period
CA'S-CBT-804 _Spedialization Module: me 5 5
CA-CBT-804 and Lecture_Written period
electives from MCCB, EES and BCCB (see study program handbook for further information) me 56575
Total CP [ 180

1 Status (m = mandatory, me = mandatory elective)

2 For a full isting of all CHOICE / CORE / CAREER / Jacobs Track modules please cons@rtipesNet online cataloguend /or the study program handbooks.

3 Module can be replaced with a CORE module from another study program in order to pursue a minor

“ Module can be replaced with a CORE module from another study programin order to pursue a minor, but has to be taken in Year 3, replacing one specialization module
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7 Module Descriptions

/.1 General and Inorganic Chemistry

Module Name Module Code Level (type) cP
General and Inorganic Chemistry CH-120 Year 175
(CHOICE)

Module Components

Number Name Type CP
CH-120-A General and Inorganic Chemistry Lecture 5
CH-120-B General and Inorganic Chemistry Lab Lab 2.5
Module Program Affiliation Mandatory Status
Coordinator
1  Chemistry Mandatory for
Ulrich Kortz Chemistry and BCCB
students
Entry Frequency Forms of Learning and
Requirements Teaching
Annually
Pre-requisites Co-requisites Knowledge, Abilities, or | (Fall) 1 Lecture (35 hours)
Skills 9 Tutorial (10 hours)
T None 9 Private study for the
X None X None lecture (75 hours)
1 Lab (26 hours)
9 Private study for the
lab (41.5 hours)
Duration Workload
1 semester 187.5 hours

Recommendations for Preparation

Early reading, extensive note taking and self-testing, work through practice problems, and fully understand the
material before entering the laboratory and the risks associated with the daily goals.

Content and Educational Aims

This module provides a theoretical introduction to general and inorganic chemistry covering the areas of chemical
foundations, atoms, molecules, ions, stoichiometry, types of chemical reactions and solution stoichiometry, gases,
atomic structure and periodicity, bonding (general concepts), covalent bonding (orbitals), chemical equilibrium,
acids and bases, and acid-base equilibria. Furthermore, students learn the practical foundation principles of
chemistry, including basic laboratory techniques, the qualitative analysis of anions and cations, strong/weak acids
and bases, titrations, the solubility of salts, crystallization, redox reactions, gravimetric analysis, volumetric
analysis, complex formation, and the synthesis of nanoparticles.

Intended Learning Outcomes
By the end of the module, the student will be able to

Discuss basic concepts in general and inorganic chemistry
Recognize general properties of matter

Engage in fundamental concepts in measurements and moles
Identify basic types of chemical reactions

Perform stoichiometric calculations

Predict the general properties of gases

Understand elements and trends in the periodic table
Recognize and discuss basic concepts of chemical bonding
Predict the reactivity of elements and compounds

0. Find the locations and operating procedures of all safety equipment including the first aid kit, eyewash
station, safety shower, fire extinguisher, and fire blanket

SOONOOTEWN =
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11. Use lab equipment and be familiar with key aspects of working in a laboratory environment

12. Correlate the theoretical concepts they learn in class and the actual experimental application of the
various hypotheses, laws, techniques, materials, reactions, and instruments

13. Perform qualitative and quantitative determination of unknowns and know how to handle and analyze
chemical compounds

14. Write proper lab reports

15. Properly dispose of chemical waste

Indicative Literature

Zumdahl and Zumdahl, Chemistry, 9th edition, Brooks Cole, 2014;

Higson, Analytical Chemistry, Oxford University Press, 2005, or latest edition as appropriate, Parts 1 and 2;
Jeffrey et.al., Vogel's Textbook of Quantitative Chemical Analysis, Longman Group UK Limited, 5th edition, 1989;

Course Handout.

Usability and Relationship to Other Modules

1  This module provides fundamental knowledge of chemistry and is a foundation for all other modules in
Chemistry, BCCB, and MCCB

1 Mandatory for a major in Chemistry and BCCB

1 Mandatory for a minor in Chemistry

1 Prerequisite for first-year CHOICE modules “Introduction to Biotechnology: Microbiology and Genetics” and
“General Organic Chemistry”

1 Prerequisite for second-year CORE modules “Physical Chemistry,” “Advanced Inorganic Chemistry,”
“Scientific Software and Databases” and “Inorganic and Physical Chemistry Lab”

1 Prerequisites for third-year Specialization modules “Supramolecular Chemistry,” “Environmental
Microbiology and Biotechnology " and “Organometallic Chemistry”

9 Elective for all other undergraduate study programs

Examination Type: Module Component Examinations

Module Component 1: Lecture

Assessment Type: Written examination Duration: 120 min
Weight: 67%

Scope: Intended learning outcomes of the lecture (1-9);

Module Component 2: Lab

Assessment Type: Lab reports, lab performance Length: 4-6 pages per report
Weight: 33%

Scope: Intended learning outcomes of the laboratory course (4, 5, 10-15)

Completion: To pass this module, both module component examinations have to be passed with at least 45%.
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7.2 Introduction to Biotechnology

Module Name Module Code Level (type) cP
Introduction to Biotechnology: CH-121 Year 175
(CHOICE)

Module Components

Number Name Type CP
CH-121-A Introduction to Biotechnology Lecture and | 5
tutorial
CH-121-B Biotechnology Lab Lab 2.5
Module Program Affiliation Mandatory Status
Coordinator
1  Chemistry Mandatory for Chemistry
Elke Nevoigt
Entry Frequency Forms of Learning and
Requirements Teaching
Annually
Pre-requisites Co-requisites Knowledge, Abilities, or | (Spring) T Lecture and tutorial
Skills {45 hours)

X General and X None 7 General 1 Lab (30 hours)
Inorganic understanding of 1 Private study (65
Chemistry biomolecules and hours)
X General chemistry from the 1 Exam preparation
Biochemistry lectures General (47.5 hours)

Biochemistry and Duration Workload

General and

Inorganic Chemistry 1 semester 187.5 hours

Recommendations for Preparation

Read the manual for the laboratory course early and fully understand the material before entering the laboratory.
Know the risks associated with the daily goals. Prepare MSDS sheets for the hazardous chemicals used in the lab
course;

Content and Educational Aims

Biotechnology is the application of biology. More specifically, it is the application of cells or their ingredients
(e.g., enzymes) for the development of products or processes for human use. The major goal of the module
Introduction to Biotechnology is to provide the relevant fundamentals in microbiology (cell structure, nutrition
and growth, diversity/evolution, genetics, molecular biology, and genetic engineering). The focus is on prokaryotic
and eukaryotic model microorganisms. A brief introduction to metabolism, enzymes, and metabolic engineering
is also included. The laboratory course makes students familiar with the work in a molecular biotechnology lab.
Besides amplifying their basic laboratory skills (e.g., preparation of buffers and solutions including respective
calculations, pH-adjustment, pipetting, and centrifugation), students practice fundamental methods for isolation
and analysis of nucleic acids (genomic DNA extraction, RNA degradation, use of polymerase chain reaction, and
restriction endonucleases for diagnostic purposes, agarose gel electrophoresis, visualization and guantification of
nucleic acids) as well as of proteins (preparation of protein extracts from cells and quantification of proteins in
solution).

Intended Learning Outcomes
By the end of the module, the student will be able to

recall the structure of eukaryotic and prokaryotic microbial cells relevant in industry;
discuss the structure and function of enzymes and their mode of action;

recognize concepts of microbial metabolism and growth;

identify levels at which the cellular metabolism can be regulated;

evaluate the perspectives of modern biotechnology;

= = =4 -4 =9
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1 employ hygiene and tidy laboratory work conditions;
1 apply the basics of genetics and fundamental processes of molecular biology;
9 acquire basic methods of recombinant DNA technology.

Indicative Literature

Madigan et. al., Brock Biology of Microorganisms, 15th edition, Pearson International, 2018;

Willey et al., Prescott's Microbiology, 11th edition, McGraw-Hill Education, 2019;

Brown, Gene Cloning and DNA Analysis, 7th edition, CreateSpace Independent Publishing Platform, 2018;
Clark and Pazdernik, Biotechnology: Applying the Genetic Revolution, Academic Cell, 2008;

Renneberg, Biotechnology for Beginners, 2nd edition, Academic Press, 2016.

Usability and Relationship to other Modules

1 This module provides fundamentals in microbiology and molecular biology for students majoring in
Chemistry

1 Itis the basis for the second-year modules Industrial Biotechnology and Bioprocess Engineering and for the
specialization course Environmental Microbiology and Biotechnology

1  Mandatory for a major and minor in Chemistry

Examination Type: Module Component Examinations

Component 1: Lecture

Assessment Type: Written examination Duration: 90 min
Weight: 66%

Scope: Intended learning outcomes of the lecture (1-5)

Component 2: Lab

Assessment Type: Written examination Duration: 60 min
Weight: 33%

Scope: Intended learning outcomes of the laboratory course (6-8)

Completion: To pass this module, both module component examinations have to be passed with at least 45%.
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7.3 General Biochemistry

Module Name Module Code Level (type) | CP
General Biochemistry CH-100 Year 1175
(CHOICE)

Module Components
Number Name Type CP
CH-100-A General Biochemistry Lecture Lecture 5
CH-100-B General Biochemistry Lab Lab 2.5
Module Program Affiliation Mandatory Status
Coordinator

1  Biochemistry and Cell Biology (BCCB) Mandatory for BCCB and Chemistry
Sebastian
Springer
Entry
Requirements

Pre-requisites

X None

Co-
requisites

X None

1

1  Lecture (35 hours)
1
1
1
1
1
il
Duration
1 semester 187.5 hours

Recommendations for Preparation

Content and Educational Aims
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