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Equation Sheet

Spontaneity, Entropy and Free
Energy
Chapter 17

Entropy
Spontaneous

or thermodynamically
favored (or sometimes just favored)
means a reaction happens
The common characteristic of all
spontaneous reactions is an increase in
entropy.
Entropy (S) is the measure of molecular
randomness or disorder of a system.

Positional Entropy




A gas expands into a vacuum because the
expanded state has the highest positional
probability of states available to the
system.
Therefore: Ssolid < Sliquid << Sgas

Rate of reaction
Kinetics and rate laws tell us how quickly a
reaction will progress.
 This is due to temperature, concentration,
collisions etc.
 It is possible to have a reaction that is
thermodynamically favored, however, react
at such a slow rate that it appears not to
react at all. Like stainless steel.
 Such reactions are said to be under kinetic
control.

Possible arrangements





The Expansion of An Ideal Gas Into
an Evacuated Bulb








Entropy describes the number of possible
arrangements that are available to a system
existing in a given state.
Consider a cord
There are a couple of arrangements that we would
consider “neat”, but there are thousands of
arrangements that we could called “tangled”.
Entropy describes a number of arrangements
(positions and/or energy levels) that are available
to a system existing in a given state.
Nature spontaneously proceeds toward the states
that have the highest probabilities of existing.

Probability









Imagine that diagram from the previous slide with a
smaller number of atoms.
Imagine 2 atoms in the vessel.
What is the probability that all atoms are one side?
What is the probability that one atom is on each side?
Now put four atoms in in the vessel.
What is the probability all atoms are on one side?
What is the probability that one atom is on one side
and three on the other?
What is the probability that there are two on each
side?
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Questions




Condensation has a negative S?!

How can anything spontaneously (naturally)
condense if it has a negative S, change in
entropy?
 Water spontaneously condenses on pop cans
and plants all the time!?!
 To answer this, you need to step back and look
at the entire system, not just one part.
 Sometimes parts of a system need to be
organized (or clumped together) to allow other
parts of the system the maximum amount of
disorder.

For each of the following pairs, choose the substance
with the higher positional entropy.
1. Solid CO2 and gaseous CO2
2. N2 gas at 1 atm and N2 at 1.0 x 10-2 atm









Predicting Entropy Changes.
Predict the sign of the entropy change, S, for each of
the following processes.
1. Solid sugar is added to water to form a solution.
2. Iodine vapor condenses on a cold surface to form
crystals.

To predict spontaneity, we must
know the sign of S

Cont. again
In order to increase the entropy of the pop
can’s temperature, heat needs to transfer
from the surrounding area to the pop can.
 In doing so, this forces the water vapor to
condense decreasing entropy.
 Without calculations, we can conclude that
the entropy increases more than it decreases
for an overall positive S because this
process happens spontaneously.










It helps to break the entropy up into the categories
of universe, system and surroundings
 Suniv =  Ssys +  Ssurr
 Suniv > 0, then the entropy of the universe
increases and the process is spontaneous in the
direction written.
If  Suniv < 0, then the entropy of the universe
decreases and the process is spontaneous in the
opposite direction.
If  Suniv = 0, then the process has no tendency to
occur and the system is at equilibrium.

Gibbs Free Energy
Some reactions are spontaneous because they
release energy, which increases the entropy of the
surrounding area.
 Some reactions are spontaneous because they
involve an increase in the entropy of the system.
Gibbs Free energy (G) is a function that
combines the system’s enthalpy and
entropy.

G = H - TS
 Where H is enthapy, T is temperature, and S is
entropy.


The

Cont.
Compare how much one thing (system or
surroundings) increased in entropy to how much
the other thing decreased in entropy.
 As long as the overall change in entropy for the
universe is positive, it can happen spontaneously.
 Back to water condensing…
 Water doesn’t condense on pop cans. Water
condenses on COLD pop cans, in warm moist
air.
 Water doesn’t condense on warm pop cans in the
same surrounding, or cold pop cans in a cold
surrounding (fridge)


Using S
Because Suniv is the important factor in
determining whether a process is spontaneous or
not, it is not the most useful concept in
chemistry.
 In chemistry, we are normally concerned with
the system only, not the universe (we are
looking at our reaction, not everything around
it).
 Don’t use S to determine whether a reaction
is spontaneous or not.


Free Energy

free energy change (G) is a measure
of the spontaneity of a process and of the
useful energy available from it.

G = H - TS
This is the driving force of a reaction, and
what you will use to determine if a
reaction is spontaneous or not.
A NEGATIVE value for G means the
process is spontaneous.
Always pay attention to unit agreement
with this equation. G and H are normally
in kJ, S is normally in J.

Exergonic/Endergonic
Exothermic and endothermic are describing the
enthaply of the system, H.
 Exergonic reactions are one that release free
energy to the system for work or have a negative
G. These are spontaneous, or
thermodynamically favored.
 Endergonic reactions are one that absorb free
energy from the system for work or have a
positive G. These are not spontaneous, or
are not thermodynamically favored.
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Spontaneous reactions









Exothermic reactions tend to be spontaneous.
H is negative.
Reactions that involve and increase in their
entropy tend to be spontaneous.
S is positive.
Temperature will always be positive (Kelvin
Scale)
G = H
– T S
negative
positive
A negative number minus a positive number so G
will always be negative and these reactions will
always be spontaneous.

Nonspontaneous reactions
Endothermic reactions tend to not be
spontaneous, H is positive.
 Reactions that involve and decrease in
their entropy tend to not be spontaneous,
S is negative.
 G
= H
– T S

positive
negative
 Minus a negative number means adding, a
positive number plus a positive number means
G will always be positive and this
reaction will never be spontaneous.


Temperature







For the endothermic reaction with an increase in
entropy, the reaction will be spontaneous at high
temperatures. (When T S is larger H)
How high depends on the value of H and S
For the exothermic reaction with a decrease in
temperature, the reaction will be spontaneous at low
temperatures (When H has a higher magnitude
than T S).
The magnitude of H and S is important to
determining if a reaction is spontaneous.

Temperature dependent reactions
If there is an endothermic reaction with an
increase in entropy or and exothermic reaction
that involves a decrease in entropy, then the
reaction is temperature dependent
 G
= H
– T S

positive
positive
 Or
negative
negative
 The T and value of H, S determine whether it
is spontaneous or not.


Question
At

what temperature is the following
process spontaneous at 1 atm (no
numbers)?
Br2(l)  Br2(g)
Any

temperature above the boiling
point. For it to be spontaneous, G must
be negative. If G is positive, then the
reverse will occur (condensation)

Problem
Br2(l)

 Br2(g)
= 31.0 kJ/mol, and
S = 93.0 J/K*mol
H


What

is the normal boiling point of liquid
Br2 (set G =0 to find the point in between
+/-)?
Unit agreement!!!!!
Enthalpy is in kilojoules/mole, entropy is in
joules/mole kelvin

Entropy Changes in Chemical
Reactions.

answer

Standard Molar Entropies, So.
In thermodynamics, the change in a certain
function is usually what is important.
 Absolute values for H and G cannot be
determined.
 From the third law of thermodynamics we
find that at 0 K, the entropy of a pure crystal
is equal to 0.










Because this provides a starting point to
compare all other entropies, an absolute
entropy scale has meaning.
Standard molar entropy, So, is the entropy of
one mole of a substance in its standard state.
The degree symbol means at standard state
which is 25o C and 1.0 atm.
So it is the change in entropy from 0 K to 298
K
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Entropy Changes in Chemical
Reactions.
o

Entropy Changes in Chemical
Reactions.

Predicting Relative S Values of the System.
Temperature changes.
 For a given substance, So increases as the
temperature increase.
 Physical states and phase changes.
 For a given substance, So increases as the
substance changes from a solid to a liquid to a
gas (the change from a liquid to a gas is greater
than from a solid to a liquid).


Dissolution of a solid or a liquid.
 The entropy of a dissolved solid or liquid
solute is greater than the entropy of the pure
solute.
 The type of solute and solvent and the
nature of the solution process affects the
overall entropy change.




Complexity

Entropy Changes in Chemical
Reactions.

»In general, difference in entropy values for
substances in the same phase are based on atomic
size and molecular complexity.
»For elements within a periodic group, those with
higher molar masses have higher entropy.
»For compounds, the chemical complexity increases
as the number of atoms (ions) in a compound
increases, and so does the entropy.
»For larger molecule, entropy increases with chain
length.
»IN GENERAL, THE LARGER THE MOLECULE,
THE MORE ELECTRONS, THE MORE
“POLARIZABLE” THE MOLECULE IS.

Entropy Changes in Chemical
Reactions.
Because entropy is a state function, the property
is what it is regardless of pathway, the entropy
change for a given reaction can be calculated by
taking the difference between the standard
entropy values of products and those of the
reactants.
 Soreaction = SnpSoproducts - SnrSoreactants


Predicting Relative So Values of the
System.
 Dissolution of a gas.
 A gas always becomes more ordered when
dissolved in a liquid and gas.


Predicting Relative Entropy Values
– Choose the member with the higher entropy
in each of the following pairs, and justify
your choice.
– 1 mol SO2(g) or 1 mol SO3(g)
– 1 mol CO2(s) or 1 mol CO2(g)
– 2 mol O2(g) or 2 mol O3(g)
– 1 mol KBr(s) or 1 mol KBr(aq)
– Sea water in winter at 2 oC or in summer at
23 oC
– 1 mol HF(g) or 1 mol HI(g)

So.

Predicting the Sign of
Predict the sign of So for each of the
following reactions.
 The thermal decomposition of solid calcium
carbonate:
 CaCO3(s)  CaO(s) + CO2(g)






The oxidation of SO2 in air:
2 SO2(g) + O2(g)  2 SO3(g)

Entropy Changes in Chemical Reactions.


Calculate So at 25o C for the reaction
2NiS(s) + 3O2(g)  2SO2(g) + 2NiO(s)

Free Energy and Chemical Reactions
Calculating Go as a State Function.
Go = Ho - TSo
 Consider the reaction
2 SO2(g) + O2(g)  2SO3(g)
 carried out at 25o C and 1 atm. Calculate Ho
and So, then calculate Go.
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answer

Free Energy and Chemical Reactions

Free Energy and Chemical Reactions

Calculating Go as a State Function.
Standard Free Energy of Formation (Gfo).
 Go = SnpGfo products - SnrGfo reactants
 Methanol is a high-octane fuel used in highperformance racing engines. Calculate Go for the
reaction
2CH3OH(g) + 3O2(g)  2CO2(g) + 4H2O(g)



Calculating Go as a State Function.
Solving Go Using Hess’s Law.
 Using the following data (at 25o C)
 Cdiamond(s) + O2(g)  CO2(g) Go = -397 kJ
 Cgraphite(s) + O2(g)  CO2(g) Go = -394 kJ
 Calculate Go for the reaction
Cdiamond(s)  Cgraphite(s)



answer

The Dependence of Free Energy on
Temperature and K
 Free energy changes throughout the course of a
reaction because it is pressure and concentration
dependent.
 This leads to the equation
Go = -RT ln(K)
where K equilibrium constant, T is the Kelvin
temperature, R is the universal gas constant
8.314 J/mol K, Go is the free energy at standard
state.

Free Energy and Equilibrium
The Equilibrium Point.
The equilibrium point occurs at the lowest value of
free energy available to the reaction.
 Recall the following:
 If K > Q , then the reaction as written proceeds to
the right.
 If K < Q, then the reaction as written proceeds to the
left.
 If K = Q, then the reaction as written is at
equilibrium, and there is no net reaction in either
direction.



The Meaning of G for a Chemical
Reaction
A system achieves the lowest magnitude
possible free energy by going to
equilibrium, not by going to completion.
 Spontaneous reactions do not go to
completion, shift all the way over to
products, but instead to equilibrium
 At equilibrium G= 0


Free Energy and Equilibrium
For standard conditions at equilibrium
Go = -RT ln(K)
 For nonstandard conditions NOT at
equilibrium
 G = Go + RT ln(Q)
 Quantitatively this equation is off the test, it
is still on qualitatively.



Electrochemistry
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Oxidation- Reduction Reactions








Redox or oxidation-reduction reactions are
reactions that involve a transfer of electrons.
Oxidation is losing electrons.
Reduction is gaining electrons.
(think of the charge, OIL RIG)
So in the reaction
4 K + O2 → 4 K+ + 2 O2Potassium get oxidized, oxygen get reduced

In the reaction…
 2 Na +2 H2O →2 NaOH + H2

0
+1 -2
+1 -2 +1 0
 Note the changes
 Sodium went from 0 to 1
 2 of the hydrogen atoms went from +1 to 0
(the other two were unchanged)


Major Redox Points to
Remember.
Any

redox reaction can be treated as the
sum of the reduction and oxidation halfreactions.
Mass (atoms) and charge are conserved in
each half-reaction.
Electrons lost in one half-reaction are
gained in the other.
Even though the half-reactions are treated
separately, electron loss and electron gain
occur simultaneously.

Electrochemical cell
This is the basic unit of a battery.
It is also called a galvanic cell, most
commercial batteries have several galvanic
cells linked together.
 Batteries always have two terminals.
 The terminal where oxidation occurs is called
the anode.
 The terminal where reduction occurs is called
the cathode.



Standard Reduction
Potentials
The

measured potential of a voltaic
cell is affected by changed in
concentration of the reactants as the
reaction proceeds and by energy losses
due to heating of the cell and external
circuit.
 In order to compare the output of
different cells, the standard cell
potential (Eocell) is obtained at 298 K, 1
atm for gases, 1 M for solutions, and
the pure solid for electrodes.

Half reactions

Using oxidation states









Ce4+ + Sn2+ → Ce3+ + Sn4+
Half reactions
Ce4+ + e- → Ce3+
Sn2+ → 2e- + Sn4+
Electrons lost must equal electrons gained!
2 Ce4+ +2 e- →2 Ce3+
Merge the two half reactions
2 Ce4+ + Sn2+ → 2 Ce3+ + Sn4+

Cell Potential (Ecell)
potential (electromotive force, emf) is
the driving force in a galvanic cell that pulls
electrons from the reducing agent in one
compartment to the oxidizing agent in the
other.
The volt (V) is the unit of electrical
potential.
Electrical charge is measured in coulombs
(C).
 A volt is 1 joule of work per coulomb of
charge transferred: 1 V = 1 J/C.
A voltmeter is a device which measures cell
potential.
Cell

The Standard Electrode
(Half-Cell) Potential (ℰhalf-cell)
The

Standard Hydrogen Electrode is
considered the reference half-cell
electrode, with a potential equal to
0.00 V.
 It is obtained when platinum is
immersed in 1 M H+(aq), through which
H2(g) is bubbled.

A

standard electrode potential always refers to
the half-reaction written as a reduction.
Oxidized form + n e-  reduced form Eohalf-cell
If

you need the oxidation, you will have to
reverse the reaction
Reversing a reaction changes the sign of the
potential.
Eocell

= Eoreduction + Eooxidation
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Spontaneous reactions
As

the potential increases in value (more
positive), the reaction is more likely to occur
(spontaneity occurs).
Eocell must be positive for the cell to produce
electricity.
A substance will have a spontaneous reaction
another substance with a lower Eocell.
Although some half-reactions must be
manipulated with coefficients, NEVER
MULTIPLY THE Eocell BY THE
COEFFICIENT!!!

Galvanic Cell Problems
a galvanic cell based on the following
reactions. For each give the balanced half cell
reactions and calculate Eocell.
Cu2+(aq) + Zn(s)  Zn2+(aq) + Cu(s)
Fe3+(aq) + Cu(s)  Fe2+(aq) + Cu2+(aq)
Al (s) + Cd2+ (aq)  Cd(s) + Al3+(aq)
Cu2+(aq) +

2 e-  Cu(s)
2 e-  Zn(s)
3+
Fe (aq) + e-  Fe2+
3+
Al (aq) + 3 e-  Al(s)
Cd2+(aq) + 2 e-  Cd(s)
Zn2+(aq) +

Cell Potential, Electrical Work
The

work that can be accomplished when
electrons are transferred (emf) is defined in
terms of a potential difference (in volts)
between two circuits.
emf = potential difference (V) = work (J)
or 1 V = 1 J/C
charge (C)
Work is viewed from the point of view of the
system.
Therefore, E = -w/q

Spontaneity
If

Ecell > 0, then G < 0 and the
process is spontaneous.
If Ecell < 0, then G > 0 and the
process is nonspontaneous.
If Ecell = 0, then G = 0 and the
process is at equilibrium.

answer

Consider

Eo = .34 V
Eo = -.76 V
Eo = .77 V
Eo = -1.70 V
Eo = -.40 V

For a galvanic cell

Free Energy
The

Faraday (F) is defined as the
charge of 1 mole of electrons.
F = 96,485 C/mol eThe purpose of a voltaic cell is to
convert the free energy change of a
spontaneous reaction into a useful
moving electric current.

Where

n is the number of moles of
electrons transferred in the redox
reaction.
Note the units of F is C/mol, and the
units of E, volts, is J/C
-nFE = (mol)(C/mol )(J/C) = J
This equation gives you G in
Joules, not Kilojoules!!

Calculating Go for a Cell Reaction.
for the reaction
+ Fe(s)  Cu(s) + Fe2+(aq)

The Relationship to the
Equilibrium Constant

CalculateGo
Cu2+(aq)

2 e-  Cu(s)
Eo = .34 V
2 e-  Fe(s)
Eo = -.44 V
Is the reaction spontaneous?



Fe2+(aq) +

Predict

whether 1 M HNO3 will dissolve gold metal
to form a 1 M Au3+ solution.

NO3-

+ 4 H+ + 3 e-  NO + 2 H2O

Au3+(aq) + 3 e-  Au(s)

= -R T ln K
and
Go = -n FEocell
therefore -R T ln K = -n FEocell
o
 E cell = RT ln K /n F
Calculating K and Go from Eocell
Go

Cu2+(aq) +



= -n FEmax or Go = -n FEomax

G

Eo = .96 V

Eo = 1.50V

When

cadmium metal reduces Cu2+ in solution,
Cd2+ forms in addition to copper metal. If Go
= -143 kJ, calculate K at 25o C. What would
be Eocell in a voltaic cell that used this
reaction?
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The Effects of
Concentration on E

Answers

ΔG

= -RT lnK
-143,000 = -8.314 298 lnK
K= 1.2x1025
ΔG = -nFE
-143,000 = -2 (96485) Eo
Eo = .74 V
Compare that to reduction potentials
Cu2+(aq) + 2 e-  Cu(s)
Eo = .34 V
Cd2+(aq) + 2 e-  Cd(s) Eo = -.40 V
 Cu2+(aq) + Cd-  Cu(s) + Cd2+(aq)
Eo = .74 V

For

the cell reaction

2Al(s)

+ 3Mn2+(aq) ⇌ 2Al3+(aq) + 3Mn(s)
Eocell = 0.48 V


predict

whether Ecell is larger or smaller
than Eocell for the following cases.


a) [Al3+] =

b) [Al3+] =

2.0 M, [Mn2+] = 1.0 M
1.0 M, [Mn2+] = 3.0 M

The

Nernst Equation

Nernst equation gives the relationship
between the cell potential and the concentrations
of cell components.
E = E o –
ln Q
Calculations with this equation have been removed
from the AP test, however, qualitative
understanding of how concentration affects a cell
are still on the test.
DO NOT USE LeCHÂTELIER’s PRINCIPLE!!!
LeChâtelier’s Principle requires you to start from
equilibrium, then shift! A cell at equilibrium is
dead!
66

Use K vs Q to qualitatively
explain the Nernst
For

any cell that works K must be greater than 1
State is always Q = 1, all concentrations
are 1 M
When Q < 1 then [reactant] > [product], Ecell > Eocell.
When Q = 1 then [reactant] = [product], Ecell = Eocell.
When Q > 1 then [reactant] < [product], Ecell < Eocell.
During the reaction concentrations proceed from
reactant to product so Q approaches K.
At equilibrium, Q = K and Ecell = 0.
At equilibrium, the G = 0.
The cell can no longer do work, or the battery is
dead!
Standard

Concentration Cells

Concentration

cells are constructed
with the exact same half-reactions,
with different concentrations.
Voltages are typically small as
electrons are transferred from the cell
of higher concentration to the cell of
lower concentration.
Eocell = 0.00 because it is the same
reaction. Conditions are never standard
(not 1 M).

Describe the cell based on
the following half-reactions:
VO2+


Zn2+

Cell
Description

+ 2H+ + e-  VO2+ + H2O
+ 2e-  Zn



where
[VO2+

]
[H+ ] =
2+
[VO ]
[Zn2+ ]

ℰo = 1.00 V

ℰo = -0.76 V

T = 25o C
= 2.0 M
0.50 M
= 0.01 M
= 0.1 M

Phases of matter and
intermolecular forces

Equations Sheet
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Molar Mass
M = m/ n (M = molar mass g/mol, m =
mass (g) )
 If given a lab based question and they
ask to you determine molar mass
these are the variables you need


Molar mass Determination







The determination of molar masses of elements are
relative to one another.
That is to say Avoagadro took a certain amount of a
gas and said, “this is a mole”. He took the mass of
that amount, and that became the molar mass.
HE THEN STARTED REACTING THE GAS
WITH OTHER THINGS TO DETERMINE
WHAT A MOLE OF THAT WAS.
He took the mass of the other elements, and that
became the molar mass of that element relative to
the first.

Named

in honor of English scientist John
Dalton.
stated that gases mix homogeneously.
also said that each gas in a mixture
behaves as if it were the only gas present.
Dalton’ Law: For a mixture of gases in a
container, the total pressure exerted is the
sum of the pressures that each gas would
exert if it were alone.
P total = P1 + P2 + P3 + ......
He
He

Kinetic Molecular Theory

Dalton’s Law

partial pressure of oxygen was
observed to be 1.56 torr in air with a
total atmospheric pressure of 743
torr. Calculate the mole fraction of
O2 present.

c = mol A/ total moles
P = n (RT/V)
1.56 torr/743 torr
c = 0.00210

PV=nRT






The current periodic table is based off of the most
common isotope of carbon, C-12, having a molar
mass 12.00 g/mol.
The best method for determining molar mass today
uses a mass spectrometer.
To use this, elements are turned into ions and
passed through a magnetic field. This deflects the
ions.
Mass is inertia, resistance to change in motion.
Heavier atoms will deflect less. The amount of
deflection is measured and used to calculate the
atomic mass.

Dalton’s Law of Partial
Pressure

Mass spectrometer

The

Molar mass


The

kinetic molecular theory (KMT) is a simple
model that attempts to explain the properties of an
ideal gas.
gases consist of hard, spherical particles, atoms or
molecules.
Because the particles are so small and the distances
between them are so great, their individual volumes
are insignificant.
The volume of a gas is mostly empty space.
. Property: Gases are highly compressible.
 There are no attractive or repulsive forces between
gas particles.
Gases are free to move inside their containers.
 Property: A gas expands until it takes the volume
and shape of its container.

Mole Fraction
A

mole fraction (c) is the ratio of the
number of moles of a given component
in the total number of moles in the
mixture.
The mole fraction equation:


c=



Gas

n1
ntotal

=

P1
Ptotal

Kinetic Molecular Theory

particles move rapidly in constant random
motion.
The particles travel in straight paths and
move independently of each other.
Only when a particle collides with a container
wall or another gas particle does it deviate
from its straight-line path.
In addition, collisions between gas particle are
elastic, meaning that the total kinetic energy
remains constant and that the kinetic energy is
transferred without loss from one particle to
another.
the average kinetic energy of a collection of
gas particles is directly proportional to the
Kelvin temperature of the gas.
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The

Assumptions of KMT

particles are so small compared with the
distance between them that the volume of the
individual particles can be assumed to be
negligible (zero).
The particles are in constant random motion.
The collisions of the particles with the wall of
the container are the cause of the pressure
exerted by the gas.
The particles are assumed to exert no forces
on each other; the are assumed to neither
attract nor to repel each other.
The average kinetic energy of a collection of
gas particles is assumed to be directly
proportional to the Kelvin temperature of the
gas.

States of Matter
For

a gas, the energy of attraction (IMA)
is less than the energy of motion. The
particles, therefore, are far apart.
For a liquid, the energy of attraction
(IMA) is stronger, but KE allows for
movement. The particles, therefore, are
closer, but with motion.
 For a solid, the energy of attraction
(IMA) is greater than the energy of
motion. The particles, therefore, as
arranged in a fixed, organized pattern.

Predicting the Type and Relative
Strength of Intermolecular Forces.
In

each of the following pairs, identify all the
intermolecular forces present and select the
substance with the higher boiling point:
MgCl2 or PCl3
CH3NH2 or CH3F
 CH3OH or CH3CH2OH
Hexane or cyclohexane
CH3Br or CH3Cl
CH3CH2OH or CH3OCH3
C2H6 or C3H8

Maxwell distribution for oxygen at
different temperatures

Maxwell Botzmann distribution

This describes particles speeds in ideal gases
that particles at a certain temperature can move
without intermolecular forces acting on them.
 The graph is a probability distribution for the
speeds of the particles.







We still see a similar pattern. The peaks are higher,
which mean more particles at the mean when the
particles are slower moving. Faster moving gives
you a greater standard deviation.

This graph
Is for 25o C

Types of Intermolecular
Attractions.

London dispersion- weakest.
Dipole/dipole attractions- weak.

The larger
the difference in electronegativity, the
stronger the attractions. Larger molecules are
more polarizable.
Hydrogen bonding- strongest dipole-dipole
(still weak). Occurs within an element that has
Nitrogen, Oxygen, or Fluorine (NOF) bonded to
Hydrogen.
Ionic attractions- very strong. All ions are
attracted to all opposite ions
Metallic attractions- very strong. Sea of
electrons keep all nuclei tightly bound

Covalent Network Solid
These

are giant molecules, meaning a diamond you
can pick up is just 1 molecule.
Type of Bonding: Directional covalent bonds,
meaning atoms are in a fixed (nonmoving position)

Typical

Properties: Hard, high melting point,
insulator.
Diamond, sulfur, silicon, silicon dioxide

Covalent Network Solids


These only form between nonmetals (carbon to make
graphite or diamond, sulfur, silicon) or two
nonmetals (silicon dioxde {glass/sand})



The high melting point is due to everything being
bonded together rigidly.



These tend to have rigid structures due to this as
well.
One exception is graphite, it is soft because it is
composed sheets that can slide by one another.
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Semiconductor








Semiconductors, like silicon, are still network
solids but they are not as good of an insulator.
They are not great conductors either. They are in
between.
Electrons can jump through slowly.
Conductivity is increased by doping the
semiconductors.
N-type semiconductors have their conductivity
increased by adding elements with more valence
electrons than the host element.
P-type semiconductors have their conductivity
increased by adding elements with fewer electrons.

Structural

Ionic

Unit: Ion.
Type of Bonding: Ionic. Ionic bonds blur
the line between bonds and intermolecular
forces, because every single positive ion is
attracted to every single negative ion
around it and vice versa. This is why ionic
compounds are usually solids.

Transistors



Transistors, incredibly important for modern
electronics, are made by connecting a p-type with
an n-type semiconductor.
N-type have extra electrons, p-type have “holes” for
electrons to fill.
Electrons jump from n-type to p-type.
If a charge is applied they revert to their original
state.
This gives the two states needed for binary code, 1
0.
They can be made unbelievably tiny.



http://www.youtube.com/watch?v=IcrBqCFLHIY&feature=youtu.be








Atomic Metallic
Structural Unit: Atom.
Type of Bonding: Nondirectional

covalent
bonds (meaning the atoms can slide around
one another) involving electrons that are
delocalized throughout the crystal.

Typical

Properties: Wide range of hardness,
wide range of melting points, conductor.
Iron, zinc

Mixtures with metallic properties:
These are called alloys.

Phase Diagrams

Formation of a Liquid Solution

Steps in the Dissolving Process

Substitutional:

structural substitution,
where one atom replaces another
Brass- copper and zinc
Interstitial: where one atom fills in the
spaces within the structure.
Steel- iron and carbon
 Brass
Steel

Typical

Properties:
melting point, insulator.
Calcium chloride, copper sulfate
High

1.

Water phase
diagram

2.
3.

Separating the solute into its individual components
(expanding the solute).
Overcoming intermolecular forces in the solvent to
make room for the solute (expanding the solvent).
Allowing the solute and solvent to interact to form
the solution.

11

Steps in the Dissolving Process

Beer’s Law






Steps 1 and 2 require energy, since forces must be
overcome to expand the solute and solvent.
Step 3 usually releases energy.
Steps 1 and 2 are endothermic, and step 3 is often
exothermic.









There are a couple of factors that determine how
much light will be absorbed.
A - Absorbance
ε - the absorptivity constant of the solution
b - the path length of the light source (how wide the
cuvette is), cm
c - concentration of the solution, M
A = εbc
You can also calculate the transmittance (the
reverse of absorbance of a solution by
A = 2 – log (%T)

So for example

Root words

Meth

# of C
atoms
1

Hex

# of C
atoms
6

Eth

2

Hept

7

Prop

3

Oct

8

But

4

Non

9

Pent

5

Dec

10

H HHH
H-C-C-C-C-H
H HHH
butane

Drawing Lewis Dot structural formulas for
long organic compounds can get rather
tedious.
 So organic has shortened it
 They don’t write the C’s or the H’s
 You draw a jagged line, at each corner there is
a Carbon
 Assume all extra spaces are filled with H

Molecular Formulas
Alkanes always have the molecular formula of:
CxH2x+2
 2 H on every C except the end, they get 3
 Hexane C6H14 molecular formula


H HHHHHHH
H-C-C-C-C-C-C-C-C-H
H HHHHHHH
octane
H HH
H
H-C-C-C-H
H-C-H
H HH
H
propane
methane

Skeleton Formulas


Organic

For Example



Lewis Dot, or
Structural Formula

HHHHHH
H-C-C-C-C-C-C-H
HHHHHH

Common functional groups

Heptane, C7H16

HHHHHHH
H-C-C-C-C-C-C-C-H
HHHHHHH

=

Nonane, C9H20

HHHHHHHHH
H-C-C-C-C-C-C-C-C-C-H
HHHHHHHHH

=
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Protein Structure
Proteins naturally fold into distinct 3-D
structures.
 It is based off of a few different aspects.
 Primary structure of proteins is the amino acid
sequence.
 3 letter or one letter abbreviations are used for
each amino acid.
 gly-cys-met-asp Glycine-cytoseine-methionine-aspartic acid

Secondary structures
The secondary structure is local structures
formed throughout the molecule.
 Alpha helix, beta pleated sheet, and turns are
common formations.
 Alpha helix is when the molecules start to
spiral around.
 Beta pleated sheet is when the molecules take
a jagged back and forth formation.
 Turns are when the chain flips directions.

Triose Phosphate Isomerase



Alpha helix
Turns

Beta pleated sheet

Tertiary Structure of proteins
Tertiary structure- the overall structure of the
protein.
 This greatly effects the function of the
protein.
 Enzymes are proteins that catalyze certain
reactions.
 Enzymes work at specific spots on a protein.
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