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Ionic Bonding
I
onic bond
:
 forms when electrons are transferred from one atom to another
.
Attraction of oppositely charged ions holds the two atoms together
.
 
Ions:
 charged particles.
Salts dissolve in H
2
O to 
release ions:
NaCl 
→
 Na
+
 + Cl
―
.
Covalent
 Bonding
Covalent bonds 
result when two atoms share electrons so each atom
 
has an octet of el
ectrons (
8 e
―
)
 
in the outer shell.
S
tructural formula 
of a compound indicates a shared pair of electrons 
by a line 
b/w
 
2
 atoms
.
Nonpolar & Polar 
Covalent
 Bonds
N
onpolar covalent bonds
:
 
equal 
sharing of electrons
.
 
P
olar covalent bonds
: unequal
 sharing of electrons
 b/w 2 atoms
.
In 
H
2
O
 
molecule, O
 atom with more protons attra
cts the electrons closer to it.
O
 atom more electronegative than 
H
 atom
, pair, 
partial negative charge
.
E
lectronegativity
:
 
a
ttraction of an atom for electrons i
n a covalent bond.
Greater n
o
 of p+ = greater electronegativity.
Single covalent bond
:
 
2 atoms share 1 pair of e
―
, H
2
 or H
―
H. 
Double
:
 
2 atoms share 2 pairs of e
―
, O
2
 or O=O
.
Triple
:
 
2 
atoms share 3 pairs of e
―
, N
2
 or N
N.
Methane
 CH
4
 is 
nonpolar
; symmetrical so polarities cancel each other out.
H
2
O
 is 
polar
 & nonsymmetrical with angle 104.5° b/w O and each H group.
Amine group
 (-NH
2
) in amino acids & nucleic acids is 
polar
.
) (
Chemistry
 of Water
) (
Bonding
) (
Basic
 Chemi
stry
) (
Hydrogen Bonding
H
ydrogen bond
:
 weak attractive force 
b/w
 
the 
slightly positive charge of 
the H 
atom of one molecule and slightly negative charge of another atom (e.g., 
O
, 
N
) in another or same molecule
.
Weak
er than ionic or covalent bond, dotted line.
Many hydrogen bonds taken together are relatively strong
.
Properties of Water
High heat capacity
High heat of vaporization
Solvent
Cohesive
 and a
dhesive
Less dense
High Heat Capacity
C
alo
rie
:
 amount of heat energy required to raise the tempe
rature of one gram of water 1º
C
.
Because the 
H
 bonds
 
b/w
 
H
2
O
 molecules hold more heat, water’s temperature falls                                 more slowly than other liquids; this protects organisms from rapid temperature changes 
&
 help
s 
them maintain homeostatic temperature
.
High heat of vaporization
H
 bonds 
b/w
 
H
2
O
 molecules require a relatively large amount of heat to break
.
This property moderates Earth’s surface temperature; permits living systems to exist
.
When animals sweat, evaporation of the sweat removes body heat, thus cooling the animal
.
Solvent
H
2
O
 dissolves a great number of substances (e.g., salts, large polar molecules
 e.g. NH
3
).
H
ydrophilic
 – 
ionized or
 
polar 
mo
lecules.
Hydrophobic – 
nonionized, non
polar 
molecules.
) (
Chemical Elements
Matter
: 
anything that takes up space 
&
 has mass
.
Elements
 cannot be broken down to simpler substances with different chemical or physical properties 
by ordinary chemical means.
CHONPS: phosphorus, sulphur.
Na, K, Ca, Fe + Mg.
Protons and neutrons have one atomic mass unit (amu of weight); 
mass of e = 0.
Isotope
s
Isotopes
:
 
atoms of the same element that differ in the number of neutrons (different atomic masses). 
A carbon-14 atom with 8 rather than 6 neutrons is unstable; it releases
 energy and subatomic particles 
&
 is thus a radioactive isotope.
Radiation
Used to date objects, create images & trace the movement of substances.
High
 levels of radiation can destroy cells 
&
 cause cancer; 
careful
 use of radiation can sterilize products and kill cancer cells.
Electrons and Energy
Orbital
: 
volume of space where electron is most likely to be found; c
an c
ontain 
only 
2 electrons
.
Compounds and Molecules
Compound
: 
forms when 
atoms of 2 
or more different elements bond
 together 
(e.g., H
2
O).
M
olecule
:
 
the
 smallest part of a compound that has the properties of the compound.
Electrons possess energy, and bonds that exist between atoms in molecules therefore contain energy. 
)	
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When water 
ionizes
 or 
dissociates
, it releases
 an 
equal number of hydrogen (H
+
) ions and hydroxide (OH
-
) ions
:
 H
 – O –H   →   H
+
 + OH
.
Acids
Acid
 molecules dissociate in water, releasing hydrogen (H
+
) ions: HCl → H
+
 + Cl
.
Strong mineral acids (HCl, H
2
SO
4
).
Weak biological acids (acetic/ 
lactic acid).
Very weak acid (NH
4
+
).
Bases
M
olecules that take up H
+
 
or release OH
-
. NaOH → Na
+
 + OH
.
NH
3
(
aq) + H
2
O(l) 
⇌
  NH
4
+
(aq) +
 
OH
―
(aq).
pH
 Scale
pH
: 
measurement of free hydrogen ions
.
Down
 the pH scale
,
 each unit has 10 times the 
amount of 
H
+
 than the previous unit. 
Up
 the pH scale each unit has 10 times the OH
―
 than the previous unit
.
P
resence 
of H
2
O does not change solution pH.
pH 7: neutral, H
+
 = OH
―
pH
 below 7: acidic, H
+
 conc. 
 OH
―
 conc.
pH
 above 7: basic, H
+
 conc. 
 OH
―
 conc.
Buffers
Chemical
 that 
k
ee
s
p
 pH 
steady
 
&
 within 
n
ormal limits in living organisms.
S
tabilize
 pH of a solution by taking up excess H
+
 or 
OH
.
Blood pH: 7.4: at 7 
acidosis
 results, at 7.8 
alkalosis
 results, both life-threatening.
Carbonic acid
 helps keep blood pH within normal limits:  
H
2
CO
3
  →
  H
+
 +  HCO
3
. 
When H
+
 added to blood (too 
acidic
):
H
+
 + 
HCO
3
―
 → H
2
CO
3
When OH
―
 added to blood (too 
basic
):
OH
―
 + 
H
2
CO
3
 → HCO
3
 + H
2
O
) (
Notes
) (
Acids and Bases
) (
Chemistry of Water
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Properties of Water
Cohesive and adhesive
Cohesion
: 
ability of H
2
O molecules to cling to each other.
 A
llows 
H
2
O
 
to flow freely without molecules separating
.
Adhesion
: 
a
bility of H
2
O molecules
 to adhere to polar surfaces due to
 
positive 
&
 negative poles
.
H
2
O
 rises up a tree from roots to leaves through small tubes
.
Adhesion of 
H
2
O
 
to walls of vessels prevents 
H
2
O
 
column from breaking apart
.
Cohesion allows evaporation from leaves to pull 
H
2
O
 
column from roots
.
H
igh surface tension
:
 
H
2
O
 
is relatively difficult to break through at its surface
.
A rock 
can
 be
 
skipped
 across pond surface; 
supports insects 
(
water striders
).
F
rozen water (ice) is less dense than liquid water
Below 4º C, hydrogen bonding becomes more rigid but more open, causing expansion
.
Because ice is less dense, it floats; therefore, bodies of 
H
2
O
 
freeze from the top down
.
Thus 
ice act
s
 as an insulator on bodies of 
H
2
O
, protecting aquatic organisms during winter
.
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