
Life’s Chemical Basis

As Mr. Weitz used to 
say….you’re doing the 
wrong kind of chemistry in 
here



 Well, you aren’t.  

 58 elements in the human 
body

 The average human cost = 
$118.63



 Atoms = the building blocks of all substances
◦ Made up of electrons, protons and neutrons

 Electrons (e-) have a negative charge
◦ Move around the nucleus

 The nucleus contains protons and neutrons
◦ Protons (p+) have a positive charge

◦ Neutrons have no charge

proton

neutron

electron



 Atoms differ in number of subatomic particles
◦ Atomic number = number of protons - determines the 

element

◦ Elements consist only of atoms with the same atomic 
number

 Periodic Table
◦ Dmitry Mendeleev

◦ Arranged based on 

chemical properties

◦ First 94 found in 

nature



 Radioactive decay
◦ Radioisotopes emit subatomic particles of energy 

when their nucleus breaks down, transforming one 
element into another at a constant rate

◦ Example: 14C → 14N – One of Carbon’s neutrons 

spontaneously decays into a proton and electron 
(Carbon has 6 protons, Nitrogen has 7)

 14C’s half life = 5,730 years – can date fossils

◦ Is independent on temperature, pressure, or 
molecular structure



 Tracer
◦ Any molecule with a detectable substance attached

 Examples:
◦ CO2 tagged with 14C used to track carbon through 

photosynthesis

◦ Radioactive tracers used in medical PET scans



 Atoms acquire, share, and donate electrons

 Whether an atom will interact with other 
atoms depends on how many electrons it has

 Electrons move around nuclei in orbitals
◦ Each orbital holds two electrons

◦ Each orbital corresponds to an energy level

◦ An electron can move in only if there is a vacancy



 The shell model of electron orbitals diagrams 
electron vacancies; filled from inside out
◦ First shell: one orbital (2 electrons)

◦ Second shell: four orbitals (8 electrons)

◦ Third shell: four orbitals (book says 8 electrons –
actually 18)



 Ion
◦ An atom with a positive or negative charge due to 

loss or gain of electrons in its outer shell

◦ Examples: Na+, Cl-





 Electronegativity
◦ A measure of an atom’s ability to pull electrons 

from another atom (depends on size and # of 
vacancies)



 Chemical bond
◦ An attractive force existing between two atoms when 

their electrons interact

 Molecule
◦ Two or more atoms joined in chemical bonds

 Compounds
◦ Molecules consisting of two or more elements whose 

proportions do not vary
◦ Example: Water (H2O)

 Mixture
◦ Two or more substances that 
◦ intermingle but do not bond; 
◦ proportions of each

◦ can vary





 Ionic Bonding
◦ A strong mutual 

attraction between two 
oppositely charges ions 
with a large difference 
in electronegativity (an 
electron is not usually 
transferred)

◦ Example: NaCl (table 
salt)



 Covalent bond
◦ Two atoms with similar electronegativity and 

unpaired electrons sharing a pair of electrons

◦ Can be stronger than ionic bonds

◦ Atoms can share one, two, or three pairs of 
electrons (single, double, or triple covalent bonds)



 Nonpolar covalent bond
◦ Atoms sharing electrons equally; formed between 

atoms with identical electronegativity

 Polar covalent bond
◦ Atoms with different electronegativity do not share 

electrons equally; one atom has a more negative 
charge, the other is more positive

 Bonding TedEd video

https://www.youtube.com/watch?v=NgD9yHSJ29I


 Hydrogen bond
◦ A weak attraction between a highly electronegative atom 

and a hydrogen atom taking part in a separate polar 
covalent bond

◦ Hydrogen bonds do not form molecules and are not 
“chemical bonds”

◦ Hydrogen bonds stabilize the structures of large 
biological molecules



 Living organisms are mostly water
◦ the chemical reactions of life are carried out in 

water

◦ Water is essential to life because of its unique 
properties



 Question:  How do salt, sugar and soap 
impact the number of drops of water that can 
be dropped on a penny?  
◦ Independent Variable:

◦ Dependent Variable:

◦ Control Group:

◦ Constants:

◦ Hypothesis:

 Brainstorm ideas for an experimental design:

 At the end, we will do a CER (Claim, evidence, 
reasoning)





 Claim – Statement about the results
◦ A one-sentence answer to the question you investigated
◦ In answers, what can you conclude?
◦ Describes the relationship between the dependent and 

independent variables

 Evidence – Scientific data used to support your claim
◦ Use enough evidence to support the claim
◦ Use qualitive and quantitative data 

 Reasoning – Ties together the claim and evidence
◦ Shows HOW or WHY the data count as evidence to support 

THIS claim
◦ Provides justification for why THIS evidence is important to 

THIS claim
◦ Includes one or more SCIENTIFIC PRINCIPLE that are 

important to the claim and evidence



 The properties of water are a result of 
extensive hydrogen bonding with each other
◦ Overall, water (H2O) has no charge

◦ slightly positive H attracted to slightly negative O 
end

◦ Creates a “sticky” molecule



 Cohesion = hydrogen 
bonding between like 
molecules
◦ Provides surface tension

◦ Draws water up from roots of 
plants

 Adhesion = hydrogen 
bonding between water 
and other molecules
◦ Capillary action

◦ Meniscus





Why is “ice floats” important?

• Oceans & lakes don’t 
freeze solid

– surface ice insulates water 
below

• allowing life to survive the 
winter

– seasonal turnover of lakes
• sinking cold H2O cycles 

nutrients in autumn



• H2O resists changes in temperature –

– takes a lot to heat it up

– takes a lot to cool it down

• H2O moderates temperatures on Earth



 Solvents dissolve solutes creating solutions

 Water dissolves polar molecules
◦ H-bonds form between water molecules and polar 

molecules

◦ Polar molecules dissolved by water are hydrophilic
(water-loving)

◦ Nonpolar (hydrophobic) molecules are not dissolved 
by water



What dissolves in water?

• substances have attraction to H2O

• polar or non-polar?



What doesn’t dissolve in water?

▪ substances that don’t have 
an attraction to H2O
– polar or non-polar?

fat (triglycerol)



How does H2O get to top of trees?

Transpiration is built on cohesion & adhesion



 A.  Protons and neutrons have a positive charge and 
are found in the nucleus.

 B.  Protons have a positive charge, electrons have a 
negative charge, and they are both found in the 
nucleus.

 C.  Neutrons have no charge, electrons have a 
negative charge and are both found in the nucleus.

 D. Protons have a positive charge, neutrons have no 
charge and are both found in the nucleus. 



 E.  None of the above.  



 A. Ionic

 B. Polar Covalent

 C. Nonpolar Covalent

 D. Hydrogen

 E.  None of the above.  



 A.  8, 14, negative

 B.  8, 8, neutral

 C. 8, 8, positive

 D. 6, 14, negative

 E.  6, 8, positive

 F.  6, 14, neutral

 G. 14, 14, neutral



 A. Ionic

 B. Polar Covalent

 C. Nonpolar Covalent

 D. Hydrogen Bond

 E. None of the above



 A. a “sticky molecule”

 B. surface tension.

 C. a solid form that is less dense than the 
liquid

 D. adhesion and cohesion 

 E.  All of the above



Substance pH Color change 
with cabbage 
juice

Acid or base

A 3

B 7

C 1

D 11

A - What substance has the most hydrogen ions?
B – How many times more acidic is substance C than A?
C – How many times more basic is substance D than B?



 Hydrogen ions have far-reaching effects 
because they are chemically active, and 
because there are so many of them

 Molecules in water (H2O) can separate into 
hydrogen ions (H+) and hydroxide ions (OH-) 

H20 ↔ H+ + OH-



 pH is a measure of the 
number of hydrogen ions in 
a solution
◦ The more hydrogen ions, the 

lower the pH

◦ pH 7 is neutral (pure water)

◦ Most life chemistry occurs 
around pH 7

◦ Each number is a 10x increase 
in H+



 Acids donate hydrogen ions in a water 
solution
◦ pH below 7

 Bases accept hydrogen ions in a water 
solution
◦ pH above 7

 Chemical reactions involving acids and bases 
are important to homeostasis



 Acids and bases can be weak (less H+) or 
strong (more H+)
◦ Gastric fluid, pH 2-3

◦ Acid rain

 Example: Hydrochloric acid is a strong acid

HCl ↔ H+ + Cl-



 Salt
◦ A compound that dissolves easily in water and 

releases ions other than H+ and OH-

HCl (acid) + NaOH (base) → NaCl (salt) + H20



 Buffer system
◦ A set of chemicals (a weak acid or base and its salt) 

that can keep the pH of a solution stable

OH- + H2CO3 (carbonic acid) →
HCO3

- (bicarbonate) + H20

H+ + HCO3
- (bicarbonate) →

H2CO3 (carbonic acid) 


