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Botany is the scientific study 
of plant life 

Life depends on chemistry 
 

 

Notes: 
Botani, berdasarkan definisi, adalah 

STUDI ILMIAH kehidupan tanaman, 

sedang kehidupan tergantung pada kimia.   

Kimia kehidupan memang tidak mudah 

dijelaskan, karena pemahaman akan hal itu 

jauh dari lengkap yang sesuai dengan 

pernyataan dari Einstensin. 

Tugas dari seorang DOSEN adalah 

membuat mudah difahami suatu yang sulit. 

Masiswa yang dapat mengikuti kuliah, 

berarti bisa membuat catatan sederhana. 

Chemistry of life: 

Biochemistry 

All life begins in one cell that 

consists of organelles composed 

of molecules that are formed 

from chemical 

elementschemistry of life 

 

Teaching Philosophy 

"Give a man a fish, and he will 
eat for a day, but teach a man to 
fish and he will eat for a lifetime" 

- Confucius. 

Notes: 
Pengertian dari kimia kehidupan (chemis-

try of life) sama dengan biokimia 

(biochemsistry).yang berkaitan dengan 

proses kimia dalam dan yang berhubungan 

dengan organisme hidup. 

 

Sebagaimana diketahui, kehidupan berawal 

dari satu sel yang terdiri dari organella 

dan komponen sel lain yang terbentuk dari 

molekul yang mana tersusun atau disintesis 

dari unsur kimia yang menggambarkan 

kimia kehidupan. 

 

Pembelajaran kimia kehidupan hampir 

sama dengan memberikan seseorang alat 

pancing yang dapat digunakan sepanjang 

hidupnya untuk menangkap ikan, bukan 

ikan yang habis dimakan dalam satu hari. 

 

Notes: 
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WELCOME TO MY LECTURE 
Who am I ?: Prof. Dr. S.M. Sitompul 

These are my rules 

1. I prepared myself of my best 
to deliver this lecture  

2. I come on time with a proper 
dress 

3. I get into the lecture room, 
and don’t hang around 

4. I use English in the lecture and 

exam 

These are my philosophies 

1. Turn your enemies to be your 
friends 

2. Turn your useless time to be useful 
time 

3. Make big problems to be small 
problems 

4. Simplify the systems or problems 

 
 

 
STRUCTURED TASK 

1. English Presentation 
 Every student has to make English Presentation 

2. Dictionary 
 Take your English dictionary every time I give my lecture 

3. My Dictionary 
 Buy a writing book (100-pages) and name it         MY DICTIONARY 
 Write down all English words with Indonesian meanings that you do not 

know yet 
4. Literature Study 
 Every student has to undertake literature study to obtain more and detail 

information as to the lecture materials 
5. Study Groups 
 Organize your  study group, 5 member each to discuss the lecture 

materials 
6. Paper (NO COVER, NO COVER, NO COVER) 
 Write a paper about Botany, an extended summary of a published papers 

in international Journal (internet) 
 One (1) page only, (single  space) arranged in several paragraphs (4-5 

sentences/ paragraph), font (Times New Roman 12) 
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LECTURE OUTCOMES 

Students, after mastering materials of the present lecture, should be able; 
1. To explain the meaning of life 
2. To explain the relationship between life and chemistry 
3. To explain chemical compounds of plants 
4. To explain the basic formation of molecules which are the constituent of cells as the 

building blocks of plant body 
5. To explain atomic number and valence electrons 
 

 

LECTURE PLAN 
09: CHEMISTRY OF LIFE 
10: LIFE AND CELLS  
11: CELL HEREDITY 
12: MEIOSIS 
13: MITOSIS AND CYTOKINESIS 
14: EMBYOGENESIS 
15: POPULATION GENETICS AND PLANT EVOLUTION 
16: FINAL EXAM 

 
LECTURE OUTLINE 

I. INTRODUCTION 
Definition 

Approach 
Life 

Biology Systems 
Cell 
 

II. CHEMICAL COMPOUNDS IN PLANTS 
Atom and Atom Structure 

Organic Compounds of Plants 
 

III. MOLECULE FORMATION 
Atom Characteristics 

Covalent and Ionic Bond 
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1. INTRODUCTION 

1. Definition 

 Botany can be defined as the 
scientific study of plant life. 

 The study of life is biology, and 
the word biology is composed of 2 
Greek roots “bio” which mean 
“life”, and “logi” which means 
“study of”. 

 Biology as a science is concerned 
with all life- plant and animal, but 
botany is interested in plant life 
in particular. 

 Botany covers the study of: 
Structure, growth, reproduction, 
development, metabolism, 
diseases, and chemical properties 
of over 550,000 kinds or species of 
living organisms including plants, 
algae, viruses, bacteria and fungi 

 

Notes: 

 Historically, botany covers all 
organisms that were not 
considered to be animals.  Some 
of these organisms are: 

- Plants 
- Plant-like organisms  

include fungi (studied in 
mycology), bacteria, and viruses 
(studied in microbiology), and 
algae (studied in phycology). 

 The study of plants has 
importance for a number of 
reasons: 
1. Plants has a fundamental part 

of life on Earth. 
2. They generate the oxygen, 

food, fibers, fuel and medicine 
that allow higher life forms to 
exist. 

3. Plants also absorb carbon 
dioxide through photosynthesis, 
that in large amounts can effect 
global climate. 

Notes: 

Notes: 
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2. Bottom Up Approach 
What does it mean by bottom up approach 
in the study of plant life? 

 
To understand the Big needs to 
understand the Small 

 

Notes: 

 

 
 

 
Simple to Complex – Life’s Levels of Organization 
 

3. Life 
As Botany is the study of plant life, 
then  
what is life? 
 
Life is hard to define 
(a) Life is cellular activities 
(b) Life is chemical structure  
(c) Life is code 
(d) Life is a process of dynamic renewal 
(e) Life is DNA software 

Notes: 

 

Notes: 
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(a) Life is cellular activities 
Life as the cellular activities of living 
organisms (my definition) is based 
on the facts that 

 The cell is the basic 
structural and functional unit 
of all known living organisms. 

 The cell is the smallest unit of 
life that is classified as a 
living thing (except virus, 
which consists only from 
DNA/RNA covered by protein 
and lipids). 

 The cell is often called the 
building block of life. 

 The cellular theory of life 
defines that we can only get 
life from preexisting cells, and 
all kinds of special vitalistic 
parameters have been 
attributed to cells over time. 

 

Notes: 
 
 
 
 
 
 
 
 
 

 
http://www.edge.org/3rd_culture/venter12/Slide30.jpg 

(b) Life is chemical structure that 
functions to encode hereditary 
information. 

 Erwin Schrödinger, one of the 
most distinguished scientists 
of the 20th Century, delivered 
a seminal lecture, entitled 
'What is Life?’ in February 
1943 at Trinity College, 
Dublin.   

 "The lecture presented 
chemical structure (aperiodic 
crystal) in living cells that 
functions to encode 
hereditary information. 

 Schrödinger's book of the 
same title was published in 
1944 and is considered to be 
a scientific classic.  

 The book was cited by Crick 
and Watson as one of the 
inspirations which ultimately 
led them to unravel the 
structure of DNA in 1953, a 
breakthrough which won 
them the Nobel prize. 

 

Notes: 

Notes: 

http://www.edge.org/3rd_culture/venter12/Slide30.jpg
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(c) Life is code 

 J. Craig Venter, a leading 
scientist of the 21st century for 
Genomic Sciences and known 
for being one of the first to 
sequence the human genome 
and the first to transfect a cell 
with a synthetic genome and 
considered life is code.   

 His teams work with on 
synthesizing genomes based 
on digital code in the computer 
and four bottles of chemicals 
which illustrate the ultimate link 
between the computer code 
and the digital code. 

 James Watson 
congratulates Craig Venter at conclusion 
of the lecture 

http://www.edge.org/3rd_culture/venter12/Slide17.jpg 

Notes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(d) Life is a process of dynamic 
renewal 

 We're all shedding about 500 
million skin cells every day. 
That is the dust that 
accumulates in your home. 

 You shed your entire outer 
layer of skin every two to four 
weeks. You have five times 
ten to the 11th (5x1011) blood 
cells that die every day. If 
you're not constantly 
synthesizing new cells, you 
die. 

 
(e) Life is the DNA software 

 Without DNA, the software of 
life, cells die very rapidly.   

 If you change the DNA 
software, you change the 
species. It's a remarkably 
simple concept, remarkably 
complex in its execution. 

Notes: 
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4. Biology Systems 
Biology organizes living things along 
certain levels. 

 at a chemical level, looking at the 
biochemistry of organisms, 

 at a cellular level where interest in 
the structure and functions of cells 
and cell physiology is considered, 

 at the levels of tissues or organs 
where interest in the structure and 
functions of tissues and organs, 
are considered 

 at the level of organ systems. 
These are made of groups of two 
or more tissues that work together 
to perform a specific function for 
the organism. 

 at the level of organisms. These 
are the entire living things that can 
carry out all basic life processes  

 

Notes: 

 

5. Cell 

 All life begins in one cell which 
consists of organelles 

- Organelles consist of 
molecules 

- Molecules consist of chemical 

elements chemistry of life 

 The CELL is the  smallest unit of 
living matter.  The smallest living 
things are one celled animals 
(certain bacteria and algae). 

 Larger organisms are collections of 
cells in which cells are 
differentiated by function by act in 
concert, that is they are organized 
and cooperate. 

- Cells are the basic and 
fundamental unit of structure, 
physiology, and organization of 
all living organisms. 

- Knowing the composition of 
cells and how cells work is 
fundamental to all of the 
biological sciences. 

 

Notes: 

Notes: 
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 The question of what it means to 
be alive remains unresolved. For 
instance, viruses—tiny protein 
and nucleic acid structures that 
can only reproduce inside host 
cells—have many of the 
properties of life. 

 

 
Diagram of a virus. The virus consists of 
a nucleic acid genome inside an 
external protein coat 

 

Notes: 

6. Plant Life Means 

1. Organization: Living things are 
highly organized, and all living 
organisms are made up of one or 
more cells which are the 
fundamental units of life. 

2. Metabolism: Life depends on an 
enormous number of interlocking 
chemical reactions that make 
possible for organisms to do 
work. 

3. Homeostasis: Living organisms 
regulate their internal 
environment to maintain the 
relatively narrow range of 
conditions needed for cell 
function. For instance, your body 
temperature needs to be kept 
relatively close to 98.60F 370C). 

4. Growth:  Living organisms 
undergo regulated growth. 
Individual cells become larger in 
size, and multicellular organisms 
accumulate many cells through 
cell division. 

5. Adaptation: Living organisms 
must have the ability to change 
over a period of time in response 
to the environment. 

6. Reproduction: Living organisms 

Notes: 
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can reproduce themselves to 
create new organisms. 
Reproduction can be either 
asexual, involving a single 
parent organism, or sexual, 
requiring two parents. 

7. Response: Living organisms 
respond to stimuli or changes in 
their environment. For instance, 
people pull their hand away—
fast!—from a flame; many plants 
turn toward the sun. 

8. Evolution: Populations of living 
organisms can undergo 
evolution, meaning that the 
genetic makeup of a population 
may change over time. 

9. M 
 

 
 

2. CHEMICAL COMPOUNDS IN PLANTS 
1. The chemical basis of life 

 Life is a chemical process. 

- All aspects of living creatures 
have a chemical basis. 

 An understanding of life requires 
an understanding of the chemical 
basis of life. 

 Chemistry is the study of the 
properties of matter.  

- The fundamental unit of matter 
is the atom. Everything that 
has mass and occupies space 
is composed of atoms or 
subatomic particles. 

 Living systems can be organized 
into the following levels or 
categories 
1. Subatomic particles (electrons, 

protons and neutrons) form  
2. atoms (hydrogen, helium, 

oxygen, iron, etc.) which form 
molecules (water, glucose, 
cellulose, etc.) which form  

3. complex macromolecules 
(glycoproteins, DNA, RNA, 
etc.) which form  

4. subcellular units called 
organelles (nucleus, 
mitochondrion, chloroplast, 

Notes: 
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etc.) which form  
5. cells which form tissues 

(muscle, nerve, adipose, 
epithelial, etc.) which form  

6. organs (brain, heart, liver, root, 
leaf, etc.) which form  

7. an individual organism 
 
Atoms and Atomic Structure 

 Atomic Nucleus contains 
Protons and Neutrons 

 Neutrons and Protons have 
similar mass (weight) 

 Electrons have a very small 
mass and spin around the Atomic 
Nucleus  

 Atoms have equal number of 
protons (+) and electrons (-) 

 
What are the six main elements that 
make up the human body? 
 
 

 

Notes: 
 
 

 
 
 
 

 
Copyright © Houghton Mifflin Harcourt Publishing Company 

2. Organic Compounds of Plants 

 The major groups of organic compounds as far as life is concerned are: 

1. Carbohydrates 5. Terpenes  

2. Lipids 6. Phenolic Compounds 

3. Amino acid and Proteins 7. Glycosides 

4. Nucleic Acids 8. Alkaloids 

 
Hydrogen, oxygen and nitrogen are frequently found bonded to carbon.  Organic 
compounds made up of carbon and hydrogen are known as hydrocarbons, this 
includes what common materials?  

Notes: 
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3. MOLECULE FORMATION 
 
What causes atoms to form molecules? 

1. Atom Characteristics 

 Atom and Molecule.  Atom is the 
basic constituent of the living 
molecules which are mostly 
formed through reactions 
catalyzed by enzymes. 

 The molecular constituent of 
plants are synthesized from far 
simple, inorganic molecules (CO2, 
H2O and nutrient elements) 

 
Notes: 
 
 

What are the basic constituents of 
atoms? 

 Atom components.  An atom, in a 
simplified, useful view, consists 
of electrons orbiting a nucleus 
composed of protons and 
neutrons. 

 
What does is it mean by isotopes? 

 Isotopes.  Atoms come in 
different forms called isotopes. 
1. Isotopes of a given element 

have the same number of 
protons but different 
numbers of neutrons. 

2. Many isotopes are unstable, 
making them radioactive. 

3. Radioactive isotopes 
(radioisotopes) play an 
important role in health, 
medicine and biological 
research. 

 Atom Stability.  Atoms are most 
stable when electrons fill 
completely the outer shell (orbit). 

 Atoms with an unfilled outer shell 
will share electrons with other 
atoms to accomplish this “goal.” 

 Filling outer electron shells 
controls which atom will pair with 
which others and in what 
combinations. 

 
 

 
 

 
 

 
Three isotopes of hydrogen. 
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Filling Electron Shells 
An important rule:  

 the innermost shell holds two 
electrons;  

 subsequent shells hold 8 
electrons. 

 

 Valence electrons are the 
electrons found in the outer 
“shell” of an atom. 

 The valence of an atom is the 
number of electrons an atom 
must receive to become 
chemically stable (i.e., less 
reactive). 

 

 For many atoms, Valence = 8 - # valence electrons.  
Oxygen: 6 valence electrons, valence = 8-6 = 2 
Nitrogen: 5 valence electrons, valence = 8-5 = 3 
Carbon: 4 valence electrons, valence = 8-4 = 4 

 In Biology (even in chemistry) there are always exceptions: 
Hydrogen: 1 valence electron, valence = 1 
Phosphorus: 5 valence electrons, valence = 5 
 

Valences of Various Elements 
Atomic number is the number of protons in the nucleus 

 
 

Notes: 
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2. Molecule Formation 

 There are two types of bonds 
that can form between atoms:  

- covalent bond &  

- ionic bond. 
 

2.1 Covalent bond 
 When atoms come together by 

sharing electrons the bond is a 
covalent bond. 

 H2 molecule is formed by 2 
hydrogen atoms that share their 
electrons together 

 

 
 

 
 

 
Elements – composed of the same types of atoms 
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Compounds – composed of two or more types of atoms 

Water (H2O) - A Most Important 
Molecule 
Note how bonding fills all outer 
electron shells. 

 
What does it mean by polar and 
non-polar molecules? 
 
Molecule Polarity.  A polar 
substance is one in which the 
molecule has a negative side and a 
positive side 
 
Some atoms have an equal affinity 
for electrons.  If so, the shared 
electrons spend equal amounts of 
time around each atom and the 
covalent bond is non-polar. 
 
The covalent bonds of H2 and CH4 
are non-polar and so are the 
molecules. 
 
The covalent bonds of H2O are 
highly polar and so is the 
molecule. Oxygen draws electrons 
to itself much more strongly than 
hydrogen. 

 

 
 
 

 
 

 
Methane (CH4) 

 

Polar and Non-Polar Covalent Bonding 
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What is the general rule of a molecule to dissolve in a particular solute? 
 
Solute and Solvent.  The polar versus non-polar distinction determines which 
molecules will dissolve in a particular solute.  For example, sugar dissolves in 
water, but fat doesn’t.  The general rule is  
LIKE dissolves LIKE 

 Polar compounds dissolve in polar solvents 

 Non-polar compounds dissolve in non-polar solvents 
 
The familiar case of oil and water 
 Water = polar molecule 
 Fat  = non-polar molecule 
 Sugar = polar molecule 
 Soap  = polar and non-polar molecule 
 
 
How about SALT in COOKING OIL? 
● Salt in Water.  In a solution one or more substances are dissolved, and the dissolved 

substances are called solutes.  The water which dissolves the solutes is called the 
solvent.   

● Water is so effective at dissolving substances that it is referred to as the universal 
solvent. 

● The diagram shows the polar water molecules surrounding and pulling apart the ions 
in a molecule of sodium chloride.  Notice how the negative ends of water attract 
sodium and the positive ends attract chloride. 

 

 
 
Ion formation.  An ion is an atom or molecule with one or more full positive or 
negative charges. 

 
Sodium donates a lonely electron to chlorine to complete its outer electron shell. 
Chlorine is only too happy to accept.  
Ions and Ion Formation 
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2.2 Ionic Bonds 
● Two oppositely charged ions bind 

together. 
● This type of chemical bond is an 

ionic bond. 
● Salts are solids held together by 

ionic bonds. 
● Ionic bonds are common and 

important in biology. 
● High electronegativity difference 

strips valence electrons away from 
another atom 

● Electron transfer creates ions 
(charged atoms) 

- Cation (positive ion); anion 
(negative ion) 

- Ex: Salts (sodium chloride) 
 
● Electronegativity is a measure of 

the tendency of an atom to attract a 
bonding pair of electrons. 

● Sodium has an electronegativity 
of 1.0, and chlorine has an 
electronegativity of 3.0. 

● Ionic bonds represent an extreme of 
polarity and are represented in 
biological systems as the salt bridges 
within proteins 
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What does it mean by the energy of 
ionic bonding? 
 

 Energy of Ionic Bonding.  By 
convention 

- a process that needs energy is 
given a + sign and is called 
endothermic 

- a release of energy is given a – 
sign and is called exothermic. 

 

Notes: 
 
 
 
 
 

 

What is hydrogen bonding? 
3. Hydrogen Bonding 

● Oxygen and nitrogen are much 
more “hungry” for electrons than 
hydrogen. 

● Bonds between nitrogen or 
oxygen and hydrogen are highly 
polar. 

● This allows bonds to form 
between partially positive and 
partially negative atoms in 
different or (in large molecules) 
the same molecule.  

 
 
 

O need 2 e- & H needs 1 e- 

 
Hydrogen Bonding gives water unique 
properties 
 

Notes: 
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QUESTIONS 
1. What is botany? 
2. What does it mean by bottom up approach in the study of plant life? 
3. What is life? 
4. Is life a chemical structure that function to encode hereditary information? 
5. What is the basic reason for the use of “chemistry of life term? 
6. What is the smallest unit of plant? 
7. What are the main characteristics of plant life? 
8. How many levels are the organization of living systems? 
9. What are the basic constituents of atoms? 
10. What does is it mean by isotopes? 
11. What does is it mean by valence and valence electrons? 
12. What does is it mean by covalent  bond? 
13. What does it mean by polar and non-polar molecules? 
14. What is the general rule of a molecule to dissolve in a particular solute? 
15. How is an ion is formed? 
16. How is the ionic bonding formed? 
17. What does it mean by the energy of ionic bonding? 
18. What is hydrogen bonding? 
 

 
 
 


