
Carbon compounds 2.3

Organic Chemistry - the chemistry of carbon

The Carbon Atom

How many 
valence 
electrons? What is the 

atomic 
number?

What is the 
mass 
number?

What kind of 
bonds will it 
form? How  
many?

The chemistry of carbon

Carbon atoms have 4 valence electrons - can form 4 

strong covalent bonds with many other elements 

including hydrogen, oxygen, phosphorous, sulfur and 

oxygen, and nitrogen

Organisms are made up mostly (about 98%) of these 6 

elements - C, H, O, N, P, S

The chemistry of carbon

Carbon atoms can bond to each other and form millions of large, 
complex structures
Can form single, double and triple covalent bonds and can even 
form rings

Macromolecules

Macromolecules = very large /giant molecules made from 
100s or 1000s of smaller molecules combined
Formed by a process called polymerization - many small 
molecules joining together
● Monomers = building blocks, basic units
● Dimers = two monomers bonded together
● Polymers = long chains of monomers attached to each 

other, often many repeating monomers, aka 
macromolecules

4 groups of macromolecules are carbohydrates, lipids, 
nucleic acids and proteins

Carbohydrates

Carbohydrates - compounds made of C H & O in a ratio of 1:2:1
Used as energy by organisms, breaking down sugars/carbs such 
as glucose releases energy used to make ATP for cell activities
Also used for structural purposes and energy storage



Simple sugars

Monosaccharides - simple sugar molecules, monomers of 
carbohydrates
Ex. glucose, galactose (found in milk), and fructose (in fruits)
Disaccharide - dimer of carbs, made of 2 monosaccharides
Ex. sucrose (table sugar) - glucose + fructose, maltose - glucose + 
glucose, lactose - glucose + galactose

Fructose

Complex carbohydrates

Polysaccharides - large macromolecules made of 
monosaccharides, polymers of carbs, aka complex carbs
Ex. glycogen - used as energy storage by animals - important 
in maintaining blood glucose levels and supplying energy for 
muscle contraction
Starch - energy storage in plants, cellulose - makes up plant 
cell walls, maintains strength and rigidity, chitin - makes up 
cell walls of fungi & insect exoskeletons

Starch, Glycogen and Cellulose

Starch in a potato

Glycogen in
human cells

Cellulose in
leaves

Monomer is glucose
Carbohydrates Summary

Function as food energy (mono- and di- saccharides) or stored 
energy (starch/glycogen), and structural support 
(cellulose/chitin)

Monomers are called Monosaccharides
ex. glucose, fructose, galactose

Dimers are called disaccharides
ex. lactose, sucrose, maltose

Polymers are called polysaccharides
ex. glycogen, starch, cellulose, chitin

Lipids

Lipids - made of mostly C and H, mostly insoluble in water
Include fats, oils, waxes, phospholipids and steroids
Functions include: energy storage (fats/oils)
Cell membranes - phospholipids, waterproof coverings - waxes
Chemical messengers/hormones - steroids

Triglycerides

Formed from combination of glycerol and 3 fatty acids
Saturated fatty acids - all single bonds between the carbon 
atoms, solid at room temp.
Unsaturated fatty acids - at least one double bond between the 
carbon atoms, liquid at room temp.



animals have mainly saturated fats
ex. foods - bacon, other meats

plants have mainly unsaturated fats
ex. foods - nuts, seeds

unsaturated fatty acids can be monounsaturated = one 
double bond
polyunsaturated = more than one double bonds

cis and trans fats

Cis =
Both sides of double bond
point the same way
Trans =
Sides point different ways

Lipids Summary
Function as energy storage (triglycerides), hormones (steroids), 
structural support (waxes/phospholipids/cholesterol)

all polymers/no real monomers except the carbon rings in steroids & fatty 
acids in waxes

phospholipids made of 2 fatty acids/glycerol/phosphate

triglycerides made of 3 fatty acids/glycerol
unsaturated - double bonds/oils
saturated - no double bonds/fats

steroids made of fused carbon rings
waxes made of chains of fatty acids

Nucleic Acids

Nucleic acids - macromolecules made of C, H, O, N and P, store 
genetic/hereditary info
● Monomers = nucleotides

○ Functions- building blocks, important energy tranferring 
molecules - ex. ATP

● dimers = dinucleotides
○ Functions- coenzymes, energy transfer - ex. NAD

● Polymers = polynucleotides
○ Functions- storing genetic/hereditary info, code for making 

proteins, transferring info through reproduction, contain 
instructions for cell processes - ex. DNA & RNA

Nucleotides
● Each nucleotide is made of a sugar, a phosphate and 

a nitrogenous base

sugar
phosphate



DNA molecule

Twisted ladder shape

‘Rungs’ /sides - sugar and 
phosphate ‘backbone’
Steps /center - 
nitrogenous bases paired 
together

DNA vs RNA

DNA - deoxyribonucleic acid
Sugar in nucleotides - 
deoxyribose
4 nitrogenous bases - 
adenine (A), thymine (T), 
guanine (G) and cytosine ©
Double stranded in a double 
helix, twisted ladder, 
structure

RNA - ribonucleic acid
Sugar in nucleotides - ribose
4 nitrogenous bases - 
adenine (A), guanine (G), 
cytosine (C), and uracil (U)
Single stranded

Hereditary/genetic information (code) is found in the 
sequence of nitrogenous bases in DNA and RNA

Nucleic Acids Summary
Function mainly as information storage (DNA/RNA) but also as energy 
currency (ATP)

monomers are called nucleotides
different types based on the 5 different nitrogenous bases (A,C,T,G,U)
and the 2 sugars deoxyribose in DNA and ribose in RNA

ATP is a modified nucleotide with 3 phosphates containing extra energy

dimers are called dinucleotides (ex. NAD)

polymers are called polynucleotides
ex. DNA (double stranded) and RNA (single stranded)

Proteins

Proteins - macromolecules with C, H, O, N and S, polymers of 
amino acids
Monomers - amino acids, dimers - dipeptides
Polymers - polypeptides

Functions: controlling the rate of reactions and regulating cell 
processes, forming cellular structures, transporting substances 
into or out of cells, and helping to fight disease

Amino acids - monomers/building blocks of proteins
an amino group (–NH2) on one end
a carboxyl group (–COOH) on the other end,
C in the center with H attached
one variable group called an R group
20 amino acids are found in humans, more in nature

Amino
group

carboxyl
group

central C, with H

Variable R group

http://www.youtube.com/watch?v=qy8dk5iS1f0


Peptide Bonds
● Peptide Bond = Covalent bond between amino acids, 

between amino and carboxyl groups
● 2 amino acids = dipeptide
● Long chain of amino acids = polypeptide

Peptide Bond Formation

There are 4 levels of protein structure - shape is determined by 
sequence of amino acids & hydrogen bonding b/w amino acids

Level 1 = Primary
A polypeptide made
of amino acidsLevel 2 =

Secondary
An α Helix 
or β Sheets

Protein Structure
Level 3 = Tertiary
multiple lvl.2s, 1 
polypeptide chain

Level 4 = Quaternary
Multiple tertiary structures

-proteins are
fully formed at level 4
-Protein shape
determines function

Examples of proteins:
● catalase – enzyme which breaks down H2O2

● insulin – hormone 
which regulates 
blood sugar

actin – multifunctional protein 
including -  movement, muscle 
contraction & structural support

muscle fibers 
featuring actin 
and other 
proteins

hemoglobin – carries oxygen in the blood; contains Fe 
(iron) to bond to O2

hemoglobin molecule

iron



keratin - found in hair, skin, fur, horns, and 
fingernails - functions as support/protection

immunoglobulin (aka antibody) 
- recognize & bind to antigens in 
immune responses
each type of antibody binds to a 
specific molecule called an 
antigen

Proteins Summary
Function as catalysts (enzymes), hormones (insulin), movement 
(actin/myosin/muscles), structural support (actin & others), energy 
(most proteins can be broken down for energy), antibodies, and other 
misc functions (ex. hemoglobin bonds to O2)

monomers are called amino acids
many types based on R groups

dimers are called dipeptides

polymers are called polypeptides


