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Chemical Elements and water 

 

 

1. 4 most common elements 

A chemical element is a type of atom that is distinguished by its atomic number; that is, by the 
number of protons in its nucleus. 

State that the most frequently occurring chemical elements in living things are carbon, hydrogen, nitrogen, and oxygen. 

The 4 most common elements found in living organisms are (NOCH) 

 Hydrogen  Carbon  Oxygen  Nitrogen 
 

2. Needed by living organisms 

 State that a variety of other elements are needed by living organisms including those below 

 State one role for each of the elements mentioned 

A variety of other elements are also needed by living organisms, including (sicher ist Papa sehr clever) 

Element Plants Animals Prokaryotes 

Sulfur 

growth (seed production) 
and physiological functioning, 
taken up by roots  

component of Amino Acids in proteins 

Calcium 

required in cell wall and 
membrane for proper 
development 

 Main constituent of bones 
(make them strong), teeth 

 needed for blood clotting 
and muscle contraction 

help control 
metabolic processes 

Phosphorous Part of the phosphate groups in ATP, RNA and DNA molecules. 

Iron 

required in synthesis of 
chlorophyll (development 
photosynthesis) 

needed to make haemoglobin 
to carry oxygen in blood 

needed in enzymes 
that control 
respiration 

Sodium 

not needed by plants used in transmission of nerve 
impulses, heart activity, and 
certain metabolic functions 

essential for 
metabolism 

Difference between an atom and an ion 

An atom is a single particle of a chemical element. When an atom either gains or loses an electron it then becomes an ion. Ions are 
charged, while atoms are uncharged. An Ion has either a negative or positive charge depending if it gained or lost an electron. 

http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Atomic_nucleus
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negative 
ion 

water molecule 

positive 
ion 

-o 

+ 
H 

-o 

+ 

H 

Partially positive side  
Partially negative side 
 of water molecule 

1. Water 

a. Polarity and hydrogen bonding in water 

Draw and label a diagram showing the structure of water molecules to show polarity and hydrogen bond formation. 

Water molecules consist of two hydrogen atoms+ bonded to an oxygen atom-. 

Polarity: Water molecules have two poles (they are dipoles); 
hydrogen atoms have a slight positive charge (positive hydrogen pole) and 
oxygen atom has a slight negative charge (negative oxygen pole). 

Hydrogen bond: A bond can form between the positive pole of one water 
molecule and the negative pole of another. In liquid water many bonds form. 

b. Properties of water 

There are many properties of water that are of significance to living organisms. 
Hydrogen bonding plays a key role in the properties of water. 

o Outline the thermal, cohesive and solvent properties of water. 

o Explain the relationship between the properties of water and its uses in living organisms as a coolant, medium for 
metabolic reactions and transport medium. 

 

i. Cohesive properties of water 

Cohesive attraction/force is caused by the intermolecular attraction between like-molecules within 
a body or substance that acts to unite them. Hydrogen bonds link water molecules together. 
This creates a “skin” on the surface of the water (surface tension) which can make it difficult for 
small objects to break trough. 

Water is used as a transport medium in the xylem of plants. 
Adhesion is the tendency of certain dissimilar molecules to cling together due to attractive forces (attraction between unlike molecules) 

ii. Thermal Properties of Water 

Water has a large heat capacity (heat capacity is the amount of energy needed to raise the temperature of a standard 

amount of substances by 1°C). Large amount of energy is needed to raise the temperature of water as 
energy is needed to break some of the hydrogen bonds. 

The boiling point of water is relatively high, 100°C, because to change it from a liquid to a gas all of 
the hydrogen bonds between water molecules have to be broken. 

Cooling effect of evaporation: Water can evaporate at temperature below boiling point. Hydrogen 
bonds have to be broken to do this. A great deal of energy is required to do this as there are so many 

hydrogen bonds. Evaporation of water from plants (transpiration) and from the human skin (sweat) has 
useful cooling effect, since when the water/sweat evaporates from the skin it takes heat with it. 

iii. Solvent Properties of Water 

Water is a good solvent for polar molecules. A positively charged ion or the positive side of a polar 
molecule will attract the negative side of the water molecule and vice versa. 

Inorganic partciles, e.g. sodium ions, with positive or negative charges, organic 
substances with polar molecules, e.g. glucose, and enzymes dissolve in water. 
Large, organic non-polar molecules (e.g. butter) do not dissolve well in water. 

Medium for metabolic reactions: Most chemical reactions in living organisms take 
place with all of the substances involved in the reactions dissolved in water. 
Once a substance is in a solution its molecules or ions can move about freely, thus 
making it more chemically reactive than if it was solid. Thus, the majority of the 
cell’s chemical (metabolic) reactions take place in aqueous solutions; processes 
in living organisms involving chemical reactions are e.g. respiration, photosynthesis, digestion 
(anything controlled by enzymes). 

 
Transport medium: The solvent properties allow many substances (nutrients) to be carried 
dissolved in water in the blood of animals (glucose, sodium, oxygen, carbon dioxide) and the sap 
of plants (sucrose) 
Blood (mainly consists of water) can carry heat from warmer to cooler parts of the body (blood = 
transport medium for heat) 

http://en.wikipedia.org/wiki/Intermolecular_attraction
http://en.wikipedia.org/wiki/Molecules
http://en.wikipedia.org/w/index.php?title=Attractive_forces&action=edit&redlink=1
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Carbohydrates, Lipids and Proteins 
 

 
 

Compounds are two or more elements chemically bonded 

Distinguish between organic and inorganic compounds. 

An organic compound are compounds containing carbon and usually hydrogen and oxygen 
(that are usually found in living organisms) 

There are a few carbon compounds that are inorganic even though they can be found in living 
organisms, for example carbon dioxide, carbonates and hydrogen carbonates. 

Three types of organic compounds are found in large amounts in living organisms: 
Carbohydrates, Lipids, Proteins (and Nucleic Acids) 

 

1. Carbohydrates 

 

 
Carbohydrates are substances that contain the elements carbon, hydrogen and oxygen. 

They are divided into three main classes: 
Monosaccharides, Disaccharides and Polysaccharides 

a. Monosaccarides 

... are single sugar units. Their general formula is (CH2O)n. They are classified according to the 
number of carbon atoms they contain, e.g. trioses (3C), pentoses (5C), hexoses (6C). 

o List an example of monosaccharides 
o Identify glucose and ribose 

Glucose (Hexose, 6C): 

 major respiratory substrate in plants 
and animals 

 used in synthesise disaccharides 
and polysaccharides 

 carried by the blood to transport 
energy to the cells of the body 

Fructose: 

 respiratory substrate 

 constituent of nectar 

 sweetens fruit to attract animals 
to aid seed dispersal 

 Fructose+Glucose=Sucrose (disaccharide) 

Ribose (Pentose, 5C) 

 important sugar 

 makes up part of the nucleic acid RNA 

 constituent of ATP 

Galactose 

 respiratory substrate 

 used together with glucose to 
synthesise lactose (disaccharide) 

 Galactose+Glucose=Lactose (disaccharide) 
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b. Disaccharides 

List an example of disaccharides 

Tow monosaccharides can be linked together to form a disaccharide. 

 Maltose (in plants) (Glucose+Glucose = Maltose+water) 
The linking together of these two monosaccharides is known as a 
condensation reaction. The bond formed = Glycosilic Bond 

 Sucrose (in plants) (Glucose+Fructose) Sucrose is the most 
 important sugar in plants, major transport form, and 
 can be found in the phloem sap 

 Lactose (in animals) (Glucose+Galactose): Energy sources for 
young animals (milk sugar – can be catalysed to glucose and galactose with 

enzyme lactase) 

c. Polysaccharides 

List an example of polysaccharides 

More monosaccharides can be linked to a disaccharide by many condensation reactions to form a 
large molecule called a polysaccharide. 

 Starch (Maltose+Maltose++) 
o stored in plants 
o made up of many glucose units (monomers) joined together to form a 

polymer (macromolecule), which in this case forms a 
helical structure. 

o acts as a compact energy store in plant cells. 

 Cellulose 
o found in plant cells, makes up plant cell wall 
o made up of glucose units (but different form of glucose) 

 Glycogen 
o found in animal cells, stored in humans 
o stores glucose in animals so when we need it, glucose is broken off 

to provide energy 

State one function of a of glucose, lactose and glycogen in animals, and of fructose, sucrose and cellulose in plants 

 Glucose: carried by the blood to transport energy tot he cells oft he body 

 Fructose: constituent of nectar, sweetens fruit to attract animals to aid seed dispersal 
 

 Lactose: (Glucose+Galactose), energy source for young animals, milk-sugar 

 Sucrose: (Fructose+Glucose) most important sugar in plants, major transport form 
 

 Cellulose: in plant cells, makes up plant cell wall 

 Glycogen: in animal cells, many branches to have more ends to break off glucose 

 

d. Hydrolysis and Condensation Reactions 

Outline the role of condensation and hydrolysis in the relationship between monosaccharides, disaccharides, and 
polysaccharides; between fatty acids, glycerol and triglycerides; and between amino acids and polypeptides 

Condensation: 2 sugar units are joined together with the release of water 

monosaccharide + monosaccharide = disaccharide 
disaccharide + disaccharide = polysaccharide 
3 fatty acids + glycerol = triglyceride + water (condensation) 
amino acid + amino acid = dipeptide (peptide bond) (condensation) 
many amino acids = protein (polypeptide) (condensation) 
 

Hydrolysis: 2 sugar units are separated using water (“hydro" = water, "lysis" = splitting) 

Polysaccharides can be hydrolysed into smaller molecules such as disaccharides 
(happens during process of chemical digestion in animals)  
Disaccharides can be hydrolysed into two monoschaccharides 

Hydrolisis of Maltose 
into two molecules of 
Glucose by addition 
of a water molecule 

http://en.wikipedia.org/wiki/Plants
http://en.wikipedia.org/wiki/Phloem
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2. Lipids 

Lipids are a large group of organic compounds. Like carbohydrates they 
contain carbon, hydrogen and oxygen (much smaller proportion of oxygen). 

Two types of lipids: fats (saturated) and oils (unsaturated). 
Fats are solid at room temperature and oils are liquid. They all consist of fatty acids and an 
alcohol, of which glycerol is the most common one. 

a. Fatty acids 

Identify fatty acids 

It is the nature of them which determines the characteristics of any particular fat. All fatty acids 
contain a carboxyl group (-COOH) and have a hydrocarbon chain of varying length. 

  
generalized structure of fatty acids 

 

Formation of a triglyceride by condensation 

Three fatty acids joined to the 
three hydroxyl group of a 
molecule of glycerol. 

Condensation leads to the 
formation of a triglyceride (3 
waters removed)     

Glycerol   +   Fatty Acid 
 

b. Function of lipids 

State three functions of lipids 

o Energy storage (fat in humans; oil in plants), mobilization, and utilization  
o Heat insulation (layer of fat under skin reduces heat loss) 
o Hormone production 
o Buoyancy (lipids are less dense than water) 
o Protection of organs  
o Storage of vitamins-ADEK  
 

 Using Carbohydrates and Lipids in Energy Storage 

Discuss the use of carbohydrates and lipids in energy storage. 

Lipids and carbohydrates are excellent for storing energy in living organisms. Carbohydrates are 
usually used to store energy in the short-term while lipids are used for the long-run. 

Carbohydrates Lipids 

Usually used for energy storage over short 
periods 

Usually used for energy storage for long-term 
storage 

Soluble in water, so are easier to transport 
to and from the store 

Insoluble in water, so they do not cause 
problems with osmosis in cells 

More easily digested so the energy stored 
by them can be released more rapidly 

Contain more energy per gram so stores 
containing same amount of energy are lighter 
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3. Proteins 

 

 

 

a. Amino Acids 

Elements: Carbon, nitrogen, oxygen, hydrogen 

The subunits of proteins are amino acids. Proteins are linear polymers of as many as hundreds of 
amino acids. There are about 20 different amino acids in the body – 20 amino acids that commonly 
occur in proteins. They differ from each other by having different R-groups (chemical group, 
simplest just a carbon) 

Two amino acids can join together in a condensation reaction to form a dipeptide 
Many amino acids can join together by a series of condensation reaction to form a protein 

Draw the basic structure of a generalized amino acid 

 

 

General structure of one amino acid (Amino group, 
carboxyl group, R group) 

(regular-irregular structure) 

A dipeptide (amino acids joined by a single peptide bond) showing peptide linkage 

 

http://en.wikipedia.org/wiki/Amino_acids
http://en.wikipedia.org/wiki/Peptide_bond
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 Polar and non-polar amino acids 

Explain the significance of polar and non-polar amino acids. 

Amino acids can be divided into two types according to the chemical characteristics of their R-group 

 Polar amino acids have hydrophilic R groups (proteins are able to dissolve in water) 

 Non-polar amino acids have hydrophobic R groups (proteins are less soluble in water) 

The distribution of polar and non-polar amino acids in a protein molecule influence where the 
protein is located in a cell and what function it performs. 

 There are integral proteins embedded in the phospholipid bilayer in the cell membrane. These 
are anchored in place by having hydrophobic, non polar R-groups positioned in contact with the 
hydrophobic core of the membrane. The projecting regions of the proteins must have polar R-groups. 

 Ion channels in the phospholipid bilayer are hydrophilic and are therefore lined by polar amino 
acids. Hydrophilic substances can diffuse through these channels. Positively charged R-groups 
allow negatively charged ions through and vice versa. 

 The active site of an enzyme must allow the substrate to bind to it. Lipases (lipid digesting 
enzymes) will have non-polar regions in the active site for hydrophobic, non-polar molecules 
such as triglycerides to bind. On the other hand, carbohydrates (which digest carbohydrates) 
will have polar regions in the active site for hydrophilic molecules to bind. Remember, within the 
active site only a few amino acids are actually involved in the binding of the substrate. 

 

b. Protein Structure

Proteins (macromolecules) are synthesised primarily during a process 
called translation. The building blocks of the proteins are amino acids. 
Proteins are made of a long chain of amino acids. 

They have a complex structure which can be explained by defining four 
levels of structure 
 

Explain the four levels of protein structure, indicating each level's significance. 

i. Primary Structure 

This is the linear sequence of amino acids, which form a polypeptide protein chain connected by 
covalent-peptide bonds. This is determined by the DNA base sequence of the gene that codes for the polypeptide. 

The amino acid sequence of a protein determines the higher levels of structure of the molecule. 

Proteins are usually not functional on the primary level, and all proteins have a primary structure. 

ii. Secondary Structure 

Is the folding of the primary structure into a regular repeating structure that protein chains take due 
to hydrogen bonding between amino acids/groups in the main chain of the polypeptide. 
It is usually in the form of an alpha helix or a beta- pleated sheet (both are fibrous). 

α –Helix: is due to hydrogen bonding within one polypeptide chain 
β -Pleated Sheet: due to hydrogen bonding between separate polypeptide chains. 

In a few proteins almost all of the polypeptide forms secondary structures, 

o almost all of the protein myosin, found in muscle tissue, is a-helix 

o almost all of fibroin (silk protein) is ß-pleated sheet) 

Non-polar amino acids cause proteins to remain embedded in membranes 
(Hydrophobic, non polar R-groups in contact with hydrophobic core of membrane) 

Polar amino acids cause parts 

of membrane proteins to protrude from the membrane. 

Ion channels: 
Polar amino acids (hydrophilic R 
groups) create channels through 
which hydrophilic substances 
can diffuse. Positively charged R 
groups allow negatively charged 
ions through and vice versa. 

Integral proteins 
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iii. Tertiary Structure 

Is the three dimensional globular shape of a polypeptide formed by further folding of the 
secondary structure. The structure is stabilised by a number of different bonds that form 
between amino acids, particularly between the R-group. 

Different types of bonds: 

 Hydrogen bonds  Disulphide linkage  Ionic bonds  Hydrophobic interaction 

e.g. enzymes, hormones, membrane proteins 

iv. Quaternary Structure 

Is the linking together of two or more polypeptide chains to form a single protein 

 Insulin (2 Polypeptides)  Haemoglobin (4 Polypeptides) 

In some cases proteins also contain a non-polypeptide structure called a prosthetic group. In 
haemoglobin, for example, each of the four polypeptides is linked t a haem-group, which is not 
made of amino acids. Proteins with a prosthetic group are called conjugated proteins. 

Summary of levels of protein structure 

Level characteristics bonding involved 

Primary linear sequence of amino acids covalent-peptide bonds 

Secondary regular repeating structures 
ß-pleated sheet  a-helix 

hydrogen bonds 

Tertiary tree-dimensional conformation of a polypeptide e.g. Ionic bonds 

Quaternary linking together of two or more polypeptides to form a 
single protein 

weak Van der Waals forces 

 

c. Shape 

Proteins can be classified into two groups according to their shape. 

Outline the difference between fibrous and globular proteins, with references to two examples of each protein type 

Fibrous proteins Globular proteins 

 Long, narrow shape 

 chain extended 

 mostly insoluble in water examples 

 resistant to pH/temperature changes 
e.g. collagen (bones), myosin, keratin (hair, skin) 

 rounded shape 

 chain folded 

 mostly soluble in water examples 

 susceptible to PH and temperature changes 
e.g. catalase, haemoglobin, insulin, amylase 

 

d. Protein functions 

They have a huge range of functions in living organisms. (THEMS) 

State four functions of proteins, giving a named example of each (don’t include membrane proteins) 

Function Example Shape Details 

Transport Haemoglobin Globular Haemoglobin binds oxygen in the lungs and 
transports it to respiring tissues 

Hormones Insulin Globular Insulin binds to receptors in the plasma membranes of 
target cells and stimulates them to remove glucose 
from the blood 

Enzymes Catalase Globular Catalase catalyses the conversion of hydrogen 
peroxide, a toxic waste product of metabolism, into 
water and oxygen 

Movement Myosin Fibrous Myosin causes contraction in muscle fibres and as a 
result causes movement in animals. 

Structural Collagen Fibrous Collagen strengthens bones, tendons and skin. These 
tissues all produce tough collagen fibres in the spaces 
between their cells. 

 


