Chapter 2: Chemlstry
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Raw materials and fuel for our bodies

Lectures by Mark Manteuffel, St. Louis Community College



2.1-2.3
Atoms form
molecules through

bonding.




2.1 Everything is made of atoms.

a An element is a
substance that cannot
be broken down

chemically into any other

substances.

0 An atom is a bit of
matter that cannot be
subdivided any further
without losing its
essential properties.

Although we associate |

pennies with the
element copper, all
pennies minted after
1982 are made with a
zinc core and are
plated with copper.




Atomic Structure:
The nucleus, protons, and neutrons

THE ATOM: BASIC STRUCTURE
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Atomic Structure: Electrons

THE ATOM: BASIC STRUCTURE
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Atomic Numbers

ATOMIC NUMBER
The number of protons found in the
atom’s nucleus

ELEMENT SYMBOL
Abbreviation of the element’s name

(o) s  ELEMENT NAME
IR LEREE ATOMIC MASS

v Combined mass of the atom’s

protons and neutrons
Periodic table
of elements

ELEMENT COLOR CODE
The following colors are used throughout this book for
elements commonly found in living organisms.
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|sotopes

ISOTOPES

Atoms with the same atomic number (i.e., the same number
of protons) but different atomic mass are isotopes.
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Radioactive Atoms

a A few atomic nuclel are not stable and break
down spontaneously.

ad These atoms are radioactive.

Q They release, at a constant rate, a tiny, high-
speed particle carrying a lot of energy.



2.2 An atom’ s electrons
determine how (and whether) the
atom will bond with other atoms.

Electron shells



Electron Shells

ELECTRON SHELLS AND ATOM STABILITY

ELECTRON SHELLS

Electrons move around the nucleus in designated
areas called electron shells. An atom can have as
many as seven electron shells in total.
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Oxygen atom

ATOM STABILITY

Atoms become stable when their outermost shell is filled
to capacity. Stable atoms tend not to react or combine
with other atoms.
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Only when atoms have electron vacancies

in their outermost shell are they likely to
interact with other atoms.
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The Versatility of Carbon

THE VERSATILITY OF CARBON

First electron shell

e Q e (capacity: 2 electrons)

Second electron shell
S o 28, (capacity: 8 electrons)
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Carbon atom

EXAMPLES OF THE WIDE VARIETY OF CARBON COMPOUNDS

Carbon dioxide Proteins Sugars
(glucose and fructose)
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Ions

IONS ARE CHARGED ATOMS

An atom that loses one or more electrons becomes positively
charged, while an atom that acquires electrons becomes

negatively charged. This transfer of electrons is driven by the
fact that atoms with full outer electron shells are more stable.
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2.3 Atoms can bond together to
form molecules or compounds.




Molecules

Products of bonding!



DIFFERENT WAYS OF REPRESENTING MOLECULAR STRUCTURE

“Lewis” model  “Ball-and-stick® model  *Space-filling” modsl



COVALENT BONDS

e e

An atom of hydrogen
has one electron in = Ve &
its first shell. One . G
more electron is
needed to fill the ) )
shell, Hydrogen Hydrogen

atom atom

e The nuclei of two

hydrogen atoms come
closer together and
share the two electrons,
which circle around both

Covalent Bonds

molecule is more stable.
OTHER EXAMPLES OF COVALENT BONDS
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Two pairs of electrons
are shared between
two oxygen atoms.
Figure 2-9
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ons and Ionic Bon
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NaCl compound

NaCl crystals NaCl crystal
(table salt) structure

When multiple Na* ions and Cl- ions are attracted
to each other, a NaCl crystal structure forms.

Figure 2-10
What Is Life? A Guide To Biology, Second Edition
© 2012 W.H.Freeman and Company



Hydrogen Bonds

In a water molecule, oxygen’s eight positively
charged protons attract electrons more readily than
does the single proton in the hydrogen atoms. As a
result, the electrons are pulled toward the oxygen
side of the molecule, making it slightly negative in
charge, while the hydrogen side is slightly positive.
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Water molecule

Hydrogen bonds are formed between the slightly
positively charged hydrogen atoms of one
molecule and the slightly negatively charged
oxygen atom of another.
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SUMMARY: THREE TYPES OF BONDS

COVALENT BOND
A strong bond formed when atoms share electrons in
order to become more stable, forming a molecule.

BOND STRENGTH: STRONG
@
@@
@
Hz molecuie
IONIC BOND

An attraction between two oppositely charged ions,
forming a compound.

BOND STRENGTH: STRONG
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NaCl compound
HYDROGEN BOND

An attraction between the slightly positively charged
hydrogen atom of one molecule and the slightly
negatively charged atom of another.

BOND STRENGTH: WEAK

H>0 molecule  H>0 molecule
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2.4-2.6
Water has
features that
enable it to

support all life.




2.4 Hydrogen bonds make water cohesive.

WATER: HIGH SURFACE TENSION

Pressure applied to
water surface

V-shaped water molecules are held
together by hydrogen bonds. The bonds
are just strong enough to give water a
surface tension with net-like properties.

Figure 2-13
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WATER: HIGH SURFACE TENSION

Pressure applied to
water surface

Hydrogen

“V"-shaped water molecules are
held together by hydrogen
bonds. The bonds are just strong
enough to give water a surface
tension with net-like properties.

Figure 2-13 part 2
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Take-home message 2.4

1 Water molecules easily form hydrogen
bonds, giving water great cohesiveness.



2.5 Water has unusual properties
that make it critical to life.

1 Cohesion
0 Large heat capacity
0 Low density as a solid

0 Good solvent




Cohesion

WATER: STRONG COHESIVENESS

Because of the cohesive properties of water, trees such as
the giant sequoia are able to transport water molecules
from the soil to their leaves 300 ft. above.
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As each water
molecule
evaporates, it
pulls additional
water up
through the tree
because of the
"sticky-ness" of
the hydrogen
bonds that link

the water
molecules.




Heat Capacity

WATER: HIGH HEAT CAPACITY

Heat (energy) from New hydrogen bonds Because heat energy Molecules that make up
the sun disrupts some are formed almost as from the sunis used up sand, on the other
of the hydrogen quickly as they are breaking and hand, don't have so
bonds between water disrupted. re-forming hydrogen many hydrogen bonds,
molecules. bonds, the water so the heat of the sun
"""" Disrupted bond temperature doesn't just increases the
-------- Newly formed bond increase by much. temperature.
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@

Sixty percent of your body is water.
This helps you to maintain a relatively
constant body temperature.
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Why do coastal areas have
milder, less variable climates
than inland areas?



Low Density as a Solid

WATER: LOWER DENSITY WHEN FROZEN

FROZEN WATER
Hydrogen bonding arranges water ——— S
molecules into a crystalline lattice, ———————
keeping them slighty farther apart | R |

and, therefore, less dense.
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LIQUID WATER
Water molecules move about freely,

allowing them to be closer to one another. \ -

RELATIVE AREA AT - |

OCCUPIED BY THE | [ : |
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Frozen water Liquid water

H20 MOLECULES:
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WATER: A GOOD SOLVENT

When placed in water, ionic
NaCl crystal compounds such as NaCl are broken
(table salt) down into separate Na+ and Cl-ions.
' Positively charged Na* ions are
attracted to the negatively charged
side of the H,0 molecule, while
negatively charged Cl-ions are
attracted to the positively charged

Dissolved
Na*and
Cl-ions

Figure 2-17
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Why don’ t oceans freeze as
easily as fresh water lakes?



2.6 Living systems are highly
sensitive to acidic and basic
conditions.



Hydrogen Ions
and Hydroxide Ions

Ionized Hydroxide Non-Ionized Water
Molecule Molecule



pH Scale

a The amount of H+ in a solution is a
measure of its acidity and is called pH.

a Acids

O Bases



y e O \\\ Acids are fluids that have a greater proportion
! O \ of H* ions to OH~ ions.
Q)O ‘ » Ht ions are very reactive.

| «Strong acids are corrosive to metals.

O , « Acids break down food in your digestive
tract.

« Acids are generally sour in taste.
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Htion Water OH-ion

Bases are fluids that have a greater proportion
of OH~ ions to H* ions. /

« OH-ions bind with H* ions, neutralizing
acids.

« Strong bases are caustic to your skin.
« Bases can be found in many household cleaner§.\
« Bases are generally bitter in taste and soapy. k
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Soda, with a pH of about 3.0, is
10,000 times more acidic than a
glass of water, with a pH of 7.0!
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Dihad

Baking soda

Blood



H+ Ions and Acids

a0 H+ very reactive
a Acids can donate H+ to other chemicals

a Stomach acids



Bases

alow H+
aHigh OH-

aAntacids
aBaking soda, seltzer, milk of magnesia



Blood pH

a Buffers

e can quickly absorb
excess H+ ions to

keep a solution from

becoming too acidic
e can quickly release

H+ ions to counteract
any increases in OH-

concentration

BUFFERS IN BLOOD STABILIZE pH

When blood pH level When blood pH level
becomes too acidic... becomes too basic...

A buffer chemical A buffer chemical releases
absorbs excess Ht ions. Ht ions.

Blood pH level
returns to normal.
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