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Science B-64, Feeding the World, Feeding Yourself 

Section 1: Chemistry of Food 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction: 

This week we will cover the basic structure of atoms and the principles of molecular bonding, 
as well as the three most important classes of food macromolecules: carbohydrates, proteins, 
and fats. 

 

What is an atom? 

All matter is composed of atoms. An atom is the smallest unit of ordinary matter and 
consists of a nuclueus surrounded by a cloud of electrons. Below is a diagram of a helium 
atom. Inside the nucleus are two types of subatomic particles: protons and neutrons. A 
proton carries a positive charge, while a neutron is neutral. Electrons orbit the nucleus 
and carry a negative charge. Electrons are much smaller in size than protons or neutrons, but 
the charge carried by the tiny electron is equivalent in magnitude to that of the proton. 
Electrons orbit the nucleus because the positive and negative charges of the protons and 

electrons attract one another. The number of protons in an 
atom is called its atomic number. Since neutral atoms contain 
the same number of protons and electrons, this number also 
tells you then number of electrons in neutral atoms. The atomic 
number of an atom defines which element it is. The attached 
periodic table contains 103 distinct elements. Each element 
has different properties and bonding capabilities. Locate the 
four most important elements in organic molecules: C, H, O, N. 

 



Name: 
 
Section Time: 

What are compounds and molecules? 

A compound is a substance of constant compositon composed of two or more different 
elements, e.g., table salt (NaCl). A molecule is the smallest particle that has the chemical or 
physical properties of an element or compound, e.g. water (H2O) and oxygen gas (O2). 

 

 

 

 

 

 

 

How to atoms bond to make molecules? 

Bonding occurs through the transfer or sharing of electrons between atoms. There are two 
main types of bonding that can occur: ionic and covalent. Ionic bonding involves the 
complete transfer of electrons from one atom to another; when an atom gains or loses an 
electron, it becomes charged and is called an ion. Covalent bonding occurs when atoms 
share electrons. Electronegativity is a measure of the ability of an atom to attract 
electrons. Elements higher up and further to the right of the periodic table have the highest 
electronegativities; these elements can capture the electrons of elements with low 
electronegativity, as in the example of table salt (NaCl <—> Na+ + Cl-). Atoms with similar 
electronegativities are more likely to share, rather than steal, electrons and thus form 
covalent bonds. Q: Do you notice any pattern among the elements with the lowest 
electronegativities? 
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To fully understand molecular bonding involves a grasp of quantum mechanics and the 
orbitals in which electrons are found. We will instead focus on a handy simplification that 
works just fine for most organic compounds. Basically, the noble gases (column 8 on the 
periodic table) are the most inert elements. These elements generally do not form bonds. 
This is because all of their electron orbitals are full. For our purposes, it is important to 
note that their valence electrons total 2 in the case of helium and eight in the case of neon 
and argon. Atoms of other elements in those rows can form bonds with one another to 
achieve a more complete number of valence electrons; since electrons are shared and not 
stolen, however, no net change in charge occurs. For example, methane gas is CH4:  

Carbon needs four more electrons to attain the number of 
valence electrons as neon. Hydrogen needs one more electron 
to attain the number of valence electrons as helium. By 
covalently bonding and sharing electrons, carbon gains its four 
electrons from the hydrogen atoms and the hydrogen atoms 
each gain an electron from the carbon atom. One pair of 
shared electrons (a single bond) is drawn 
as a dash.  

Atoms can also form double and triple bonds. Ethene (right) is a 
chemical involved in fruit ripening. The carbon atoms share two pairs of 
electrons. Atmospheric oxygen and nitrogen are other good examples of 
molecules with double and triple bonds, respectively. 

The examples of covalent bonding given above result in molecules with no 
net charge. However, if the difference in electronegativity between two covalently bonded 
atoms is high (but not high enough to make an ionic bond), a polar covalent bond results. 
In a polar covalent bond, the electrons are not shared equally, resulting in one atom having a 
more negative charge and the other a more positive charge, while maintaining a net neutral 
charge for the molecule. Water (H2O) is an excellent example of polar covalent bonding.   

The more electronegative oxygen nucleus (3.5) exerts  
stronger control over the electrons than the hydrogen 
nuclei (2.1), thus making the oxygen end of the water 
molecule slightly negative and the hydrogen ends 
slightly positive. Since carbon (2.5) and hydrogen (2.1) 
have very similar electronegativities, they form non-
polar bonds. The polarity of water and the non-polarity 
of C-H bonds is what makes water and oil immiscible. 
Basically, the polarity of water makes it attract other 
water molecules and form a very weak bond called 
hydrogen bonding.  

In hydrogen bonding, electrons are not shared, but rather the molecules are held close 
together in space by their opposite charges, somewhat like a very weak kind of ionic bond. 
Hydrogen bonding in water crowds all the water molecules together and pushes out all the 
non-polar molecules, such as oils and fats. Some compounds, such as sugars, have enough 
polar covalent bonds that they dissolve in water. Other compounds, which are oil-based, do 
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not dissolve. This is why many oil-based stains are difficult to wash out of clothes with water. 
Dry cleaning uses non-polar solvents to remove these stains.  

Drawing molecules on paper 

Chemists have come up with numerous ways to represent chemicals on paper. Here are 
some of the most common ways: 

 

        CH2CH2 

 

Condensed formula  Dashed formula  

 

     Bond-line formula  

 

  (like 3-D model) 

 

Ball-and-stick model  Space filling model 

 

Shapes of molecules  

To describe the shape of 3D molecules on paper is difficult. Instead, we’re going to use the 
3D models to illustrate molecular shape and properties such as chirality and cis-trans 
isomers. 

1. water (H2O) 

2. oxygen (O2) 

3. nitrogen (N2) 

4. methane (CH4) 

5. ethanol (CH3CH2OH) 

6. isopropanol (CH3CHCH3OH) 

7. cis-1,2-difluoroethene 

8. trans-1,2-difluoroethene 

Practice: Which of the following make cis-trans isomers? 

1. CH2CHCH2CH3 

2. CH3CHCHCH3 

3. CH2C(CH3)2 

4. CH3CH2CHCHCl 
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Food molecules: carbohydrates, proteins, fats 

The food macromolecules—carbohydrates, proteins, and fats—are discreet classes of 
nutrients (mostly polymers) made up of smaller building blocks (monomers). Use the 3D 
models to make the following molecules. Note which are monomers and which are polymers, 
look for chiral carbons, and note any cis-trans forms. 

Carbohydrates 

In carbohydrates, polymers are called polysaccharides and monomers are called 
monosaccharides. Many important sugars are two monomers linked together, called 
disaccharides. Two important polysaccharides are cellulose and starch.  

1. glucose 

2. galactose 

3. sucrose 

4. cellulose 

5. starch 

Proteins 

In proteins, polymers are called polypeptides. Two amino 
acids linked together are called dipeptides. A single amino 
acid is called a peptide. 

1. glycine 

2. alanine 

3. glycine-alanine peptide bond 

4. Structure (1º, 2º, 3º, 4º)  

Fats 

Fats are long chains of carbon with carboxyilic acid tails. Fats that are liquid at room 
temperature are called oils. Saturated fats have no carbon double bonds; they tend to be 
solid at room temperature. Unsaturated fats have between one (mono) and many (poly) 
double bonds; they are usually liquid at room 
temperature. 

1. saturated fatty acid 

2. unsaturated fatty acid 

3. trans fatty acid 

4. glycerol 

5. omega 3 fatty acid 

6. omega 6 fatty acid 

7. triglyceride 


