Equations Sheet

Review of Everything

Thermochemistry

1st 9 weeks

Hess’s Law

Hess’s Law I.

Hess’s

Law
is a state function, the
change in enthalpy in going from
initial state to final state is
independent of the pathway.
In going from one particular set of
reactants to a particular set of
products, the change in enthalpy is
the same whether the reaction takes
place in one step or a series of steps.
Enthalpy

Two



Using Hess’s Law
Work

backwards from the required
reaction, using the reactant and
products to decide how to manipulate
the other given reactions at your
disposal.
Reverse any reactions as needed to give
the required reactants and products, and
then multiply reactions to give the
correct number of reactants and
products.

forms of carbon are graphite, the
soft, black, slippery material used in
“lead” pencils and as a lubricant for
locks, and diamond, the brilliant, hard
gemstone. Using the enthalpies of
combustion for graphite (-394 kJ/mol)
and diamond (-396 kJ/mol), calculate DH
for the conversion of graphite to
diamond:
Cgraphite(s)  Cdiamond(s)

Standard Enthalpy of Formation
and Standard States
Because

enthalpy is a state function, DH
may be calculated more than one way.
 The standard enthalpy of formation (DHfo)
of a compound is defined as the change in
enthalpy that accompanies the formation of
one mole of a compound from its elements
with all substances in their standard states.
 This is indicated by the symbol, o.
 A standard state is a reference state for a
specific substance defined according to a set
of conventional definitions

Diborane (B2H6) is a highly reactive boron
hydride, which was once considered as a
possible rocket fuel for the US space
program. Calculate DH for the synthesis of
diborane from its elements, according to the
equation
Reaction
2B(s) + 3H2(g)  B2H6(g)
using the following data
DH
2B(s) +
O2(g)  B2O3(s)
-1273 kJ
B2H6(g) + 3O2(g)  B2O3(s) + 3H2O(g)
-2035 kJ
H2(g) +
O2  H2O(l)
-286 kJ
H2O(l)  H2O(g)
+44 kJ

Standard state of a compound
The

standard state of a gaseous substance
is a pressure of exactly 1 atmosphere, and a
temperature of 25oC (298 K).
For a substance present in a solution, the
standard state is a concentration of exactly
1 M.
For a pure substance in a condensed state
(liquid or solid), the standard state is the
pure liquid or solid.
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Heat of formation
This

is the energy required to create a
substance from it’s elements.
For an element in its standard state, DHfo=
0, always!
Values may be found in Appendix 4 of your
book. They may have you calculate these.

The

Standard Enthalpy of
Reaction.

standard heat of reaction (DHrxno is
the sum of the standard heats (enthalpies)
of formation of the products minus the
sum of the standard heats of formation of
the reactants.
DHrxno = SmDHfo(products) - SnDHfo(reactants)




a reaction is reversed, the
magnitude of DH remains the same, but
the sign changes.
When the balanced equation for a
reaction is multiplied by an integer, the
value of DH for that reaction must be
multiplied by the same integer.

Elements are not included in the
calculations because their value is equal to
zero

2 (g)

2



(l)
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3(s)
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law of thermodynamics
If one object is at thermodynamic
equilibrium with two different objects (the
same temperature), those two objects
must be at thermodynamic equilibrium
with each other.

3(s)

2

(l)

8 18(l)

Thermodynamics
 0th

Third Law of Thermodynamics
As the temperature of a body approaches
absolute zero, all processes cease and the
entropy approaches a minimum value.
 This minimum value is almost zero, but not
quite.
 The law continues that…
 It is impossible for any procedure, no
matter how idealized, to reduce any system
to absolute zero in a finite number of steps.

f

3(g)
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Summary
When

Standard enthalpy of formation
4NH3(g) + 7O2(g)  4NO2(g) + 6H2O(l)
Using the standard
Standard Enthalpy
enthalpies of formation
of Formation DH (kJ/mol)
listed in Table, calculate
NH
-46
NO
34
the standard enthalpy
HO
-286
change for the overall
Al O
-1676
reaction that occurs when Fe O
-826
-394
ammonia is burned in air to CO
CH OH
-239
form nitrogen dioxide and
CH
-269
water. This is the first
step in the manufacture of
nitric acid.

Thermodynamics
 1st

Law of Thermodynamics- the amount of
energy in the universe is constant. Law of
conservation of energy.
 DEuniv = 0
 2nd Law of Thermodynamics- Spontaneous
processes, ones that happen on their own,
involve an increase in entropy. Entropy
the universe is always increasing.
 DSuniv > 0

Equations Sheet



Atomic Structure
Chemical Bonding

2

Electromagnetic Radiation.
Nature of Light.
 Wavelength () is the distance between
two consecutive peaks or troughs in a
wave.

EM rays

 The

 All


( ) is the number of waves
(cycles) per second that pass a given point
in space.

 Frequency

types of electromagnetic radiation
(waves), travel at the speed of light
(c).
 The speed of light (c) = 2.9979 x 108
m/s.

Wavelength
and frequency
are inversely
proportional
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. Units
c=
where  is the wavelength in meters,  is the
frequency in hertz and c is the speed of light
in m/s.
 In the SI system, frequency has a unit of per
-1
second, 1/s or s , which is called hertz (Hz).
 Although you need to convert to meters,
visible light is commonly given in
nanometers. 1 nanometer = 1x10-9 m
 Visible light is from 400 (violet) to 700 nm
(red).

The EM spectrum:

Question




The Energy of a Photon (a
packet of energy)

Photons





The

The energy that comes out is in photons
Ephoton = h
where h is Planck’s constant (6.626 x 10
J s),  is the frequency of the
electromagnetic spectrum absorbed or
emitted (Hz)

-34

blue color in fireworks is often
achieved by heating copper(I) chloride
(CuCl) to about 1200o C. Then the
compound emits blue light having a
wavelength of 450 nm. What is the
photon energy that is emitted at 4.50 x
102 nm by CuCl?




Frequency of Electromagnetic Radiation.
The brilliant red colors seen in fireworks are
because of the emission of light with
wavelengths around 650 nm when
strontium salts such as Sr(NO3)2 and SrCO3
are heated. Calculate the frequency of red
2
light of wavelength 6.50x10 nm

This total energy leaving an atom is
quantized, or lost or gained only in integer
multiples of h (the energy of a photon).
 D E = n h
 DE is the change in energy for a system, and n
is a whole-number integer (1, 2, 3, ...).
 This implies that light energy of matter is not
continuous (like a rainbow), but that it is
absorbed or emitted only at specific quantized
energy states.
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The Photoelectric Effect.
When

light strikes a monochromatic
plate, an electrical current flows (like a
solar calculator).
Light must transfer momentum to
matter, like particles do; light is
behaving like a particle!

Albert Einstein’s Photon
Theory
Einstein

proposed that radiation is
particulate (made of particles not
waves), occurring as quanta of
electromagnetic energy (packets), later
called photons.

A

threshold (minimum) frequency is
required to knock an electron free from a
metal.
Wave theory associates the light’s energy
with the wave amplitude (intensity), not its
frequency (color), so if light is a wave then
an electron would be knocked free when the
metal absorbs enough energy from any
color of light. However, that is not the
case.

An electron is freed the moment it
absorbs a photon of enough energy
(frequency), not when it gradually
accumulates energy from many photons
of lower energy.
 The amount is different from atom to
atom.

Photoelectric effect
Current flows the moment that light of
high enough frequency shines on the
metal, regardless of its intensity.
 The wave theory predicted that in dim
light there should be a time lag before
current flowed, while the electrons
absorbed enough energy to break free.
However, that doesn’t happen.


Einstein solved the mysteries
of the Photoelectric Effect

Notice this graphic includes
increasing energy

A

beam of light is composed of large
numbers of photons.
Light intensity (brightness) is related to
the number of photons emitted per unit
of time, not the energy of the individual
photon.
One electron is freed from the metal
when one photon of a certain minimum
energy (frequency) is absorbed.

Expulsion of electron


Confusing feature of the
Photoelectric Effect.

Wave-Particle Duality of
Matter and Energy.

Wave Particle Duality
This means sometimes light or electrons is
looked at as waves, sometimes it is looked
at as particles.
 It depends on the situation which is better
suited.
 There is not an exact answer of what it
actually is.
 This is uncertainty and quantum
mechanics


From Einstein, we have the following
E = mc2
 This equation relates the energy mass.
 Instead of looking at energy and matter as
different things, Einstein saw them as two
sides of the same coin.
 Energy, such as light, can “condense” into
matter, and matter can convert into energy.
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The Atomic Spectrum of
Hydrogen.

The Spectrum of light
The

spectrum (light emitted) was
thought to be continuous, similar to a
rainbow

When

the emission spectrum of
hydrogen in the visible region is passed
through a prism, only a few lines are
seen.

Bohr model
Niels

Bohr (1885-1962) proposed in
1913 that the electron in a hydrogen
atom moves around the nucleus only in
certain allowed circular orbits.

Electronic
Transitions
in the Bohr
Model for
the
Hydrogen
Atom
b) An Orbit-Transition
Diagram, Which Accounts
for the Experimental
Spectrum

Line Spectrum

The

These

lines correspond to discrete
wavelengths of specific (quantized)
energy.
Only certain energies are allowed for
the electron in the hydrogen atom.
The hydrogen emission spectrum is
called a line spectrum.

Energy levels

atoms have stationary states, called
energy levels, of specific energy around the
nucleus.
Electrons can move to other energy levels
by absorbing (jumping to higher energy
levels) or emitting (jumping to lower energy
levels) photons of specific (quantized)
energy.
Energy levels farther from the nucleus
more “unstable” and therefore more
“energetic.”

As

we will see, the closer to the nucleus
an energy level is, the more stable it is
and the less energetic it is.
The lowest (first) energy level of an
atom is called ground state.
This model only works for one-electron
atoms!

Ionization energy

Photoelectron
Spectroscopy (PES)
New material for the test

The energy required to remove an electron.
 It is easiest to remove electrons from the
valence shell. As we move closer, it
becomes more difficult.
 However, removing electrons makes the
atom more positive. Therefore that impacts
the data.
 What would the ionization energy be if we
didn’t first remove valence electrons?
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Ionizing vs. Nonionizing Radiation
Ultraviolet, x-rays, and gamma is ionizing.
 Generally, anything of lower energy is
nonionizing
 High energy photons are absorbed by atoms.
 Normally this excites the atom, gets the
electrons to jump up.
 If they jump high enough, they will reach
escape velocity, they will be going so fast the
electromagnetic pull from the nucleus won’t
be enough to pull them back.


Photoelecton Spectroscopy

Data from PES
We find that all electrons in a given
shell require the same energy to
remove them.
 That is to say all electrons in the 1s require
the same energy to remove, and all in the
2s, and 2p are the same, however, the
energy to remove the 2p is different than
the 1 s.
 This is different from the previous
determinations of ionization energy, with
IE1, IE2, IE3 etc.


PES

PES begins by shooting at atom with a high
energy photon (normally UV or x-ray) that is
absorbed by the atom.
 An electron is ejected carrying off the excess
energy.
 The ejected electron is measured in a
detector.
 The energy of the photon absorbed (h),
will be equal to the ionization energy (IE) +
kinetic energy (KE) of the electron.
 Therefore
IE = h - KE


Plotting the data

Peaks

The data from PES experiments is plotted
as peaks.
 The height of the peaks is proportional to
the number of electrons of equivalent
energy ejected during the experiment.
 In other words, the height is related to the
number of electrons in that energy level.


1s

2s

Bonds form to achieve the lowest
possible energy state

Chemical Bonds
Bonds

are forces that hold groups of
atoms together and make them function as
a unit.
 Bond energy, the energy required to
break a bond, provides information
regarding the strength of bonding
interactions, which in turn indicates the
“type” of bond.
*It always requires energy to break a
bond, activation energy, It energy is
always released when bonds are formed.

1s

A bond will form if the energy of the
compound is lower in energy (more stable)
than that of the separated atoms.
 The system will act to minimize the sum of
the positive (repulsive) energy terms and the
negative (attractive) energy term.
 The distance where the energy is minimum is
called the bond length.
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Potential bond energy vs internuclear
distance

Bond Forces


simultaneous attraction of each
electron by the protons generates a
force that pulls the protons toward
each other and that just balances the
proton-proton and electron-electron
repulsive forces at the distance
corresponding to the bond length.






If we were to graph potential energy vs internuclear
distance (distance between two nuclei), we would find
that if we are too close the potential bond energy is
positive (it takes energy to make them stay there).
That is to say, the atoms are too close and repelling
each other and will release energy by moving apart.
As they move apart, they will reach a maximum
negative potential energy. That is the energy that
must be put into break that bond or the energy that is
released when the bond is formed. This internuclear
distance is the bond length. The potential energy is
the bond energy.

Factors that affect the potential
energy v intermolecular force graph








AP question

Atomic radius and electronegativity.
The larger the atoms the further atoms will have to
be apart to achieve maximum negative potential
energy. Larger atoms will have a larger bond length.
The more electronegative an atom is the more it will
squeeze the atoms together.
Types of bonds
Triple bonds will release more energy than double
which will release more energy that double bonds.
Triple bonds will also be shorter than double bonds
which are shorter than single bonds.

the difference is between 0.0 and <
0.4, the compound is nonpolar covalent.
If the difference is between 0.4 and
1.9, the compound is polar covalent.
 If the difference is greater than 1.9,
the compound is ionic.
 Order the following bonds according to
polarity: H-H, O-H, Cl-H, S-H, and F-H.









Lattice Energy
Lattice

energy is the energy that takes
place when separated gaseous ions are
packed together to form an ionic solid:

M+(g) + X-(g) -----> MX(s)
Lattice energy is often defined as the
energy released when an ionic solid forms
its ions.
Lattice energy is calculated using
Coulomb’s law, the relationship between
charge and electrostatic force.

As they move
further apart
the potential
energy moves
toward 0
because they
are so far
apart they
are not
bonded.

Answer--A




Electronegativity Difference
If

Potential Energy vs Internuclear
distance graph

Although the question doesn’t say it, the possible
answers tell us we are looking at hydrogen, nitrogen
and oxygen.
X2 is definitely H2. It has a significantly smaller
atomic radius than the others so you would expect
the shortest bond length.
O2 and N2 will have a very similar atomic radius
(oxygen being slightly smaller) and O2 is more
electronegative, however nitrogen has a triple bond.
Y2 and Z2 have a very similar bond length, but the
bond energy (how far down it dips) is significantly
higher in Y2
Y2 has to be nitrogen because it has a much higher
bond energy for the triple bond

This

Coulomb’s Law

is equation is only required
qualitatively. There will be NO
calculations with it
Electrostatic force (E)
Q is the charge of the ions
R is the distance from the center of
charge of the ions
k = 2.31X1019 J nm
E =
This

k (Q1 Q2/r2)
relates to the lattice energy of the
ionic compound
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Covalent Bond Energies and
Chemical Reactions.
It

always requires energy to break
bonds (put atoms/electrons in a less
stable arrangement) Breaking bonds is an
endothermic process.
DH > 0, always for breaking bonds
Energy is always released when bonds
are formed because atoms are moving
to a more stable (less energetic)
arrangement Forming bonds is an
exothermic process.
DH < 0, always for forming bonds

Ion Size
Cation size is always smaller than that of
the atom because, as electrons are removed,
the positive effective nuclear charge pulls
more strongly on the remaining electrons
(positive charge > negative charge).
 Anion size is always larger than that of the
atom because, as electrons are added, the
repelling negative force is stronger than the
attractive forces of the nucleus (negative
charge > positive charge).


To

Bond Energy
=Sn D (bonds broken) - Sn D (bonds
formed)

energy required
energy released
DH




where S represents the sum of terms, n
represents the number of moles of a
particular type of bond, and D represents the
bond energy per mole of bonds. D always has
a positive sign.



The

practice
Give

CH4 + 2 O2 → CO2 + 2 H2O
(413)4+2(495)-2(799)-4(467) = -824 kJ/mol

Lewis Dot Structure

Lewis structure shows how the valence
electrons are arranged in the molecule.
Hydrogen forms stable molecules with two
electrons filling its 1 s orbital, duet rule.
Other atoms form stable molecules by
filling outer s and p orbitals with 8 electrons,
octet rule.
Atoms that break the octet rule have their
last shell in the 3 p or above, so they can
hide extra electrons in the unused 3d.
They are forced into that situation by
highly electronegative elements.

Formal Charge

determine the formal charge on each
atom, take the number of valence electrons
assigned to the atom in the molecule and
subtract if from the number of valence
electrons on the free, neutral atom.
Formal charge = e-free atom - e-assigned
Most atoms have a formal charge of 0!
The sum of the formal charges in any
molecule/ion will always equal the charge of
the molecule/ ion
The most electronegative element will have
the negative formal charge



the Lewis structure for each
of the following.
HF
 N2
NH3
NH4+
ClOSF6
 O3

The correct way to do Lewis Dot
Structures
1. Get the sum of all valence electrons
from all atoms. Ignore which electrons
came from which atom.
 2. Arrange the elements
 3. Place the electrons anywhere in the
compound to satisfy the octet and duet
rule.


Hybrid orbitals
Experiments show that methane (CH4) has 4
identical C-H bonds.
 VSEPR theory predicts the tetrahedral shape
with a 109.5o bond angle.
 No consideration is given to the different
types of orbitals.
 To account for this chemists describe what is
called a hybrid orbital
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Hybrid orbital

Orbitals shape

The hybrid orbital in methane is called an
sp3 hybrid orbital
 There is a blend of s and p orbitals for each
bonding electron.
 Each orbital is experimentally shown to
have a large lobe and a smaller lobe

d hybrid orbitals



Hybrid Orbitals and Shapes

The book makes several mention of d
hybrid orbitals
 Like sp3d hybrid orbital necessary for a
trigonal bipyramidal shape
 There is new research disputing the
existence of d hybrid orbitals
 d hybrid orbitals have been removed from
the AP curriculum.
 You still have to know the shapes, but they
won’t ask about the hybrid orbital

Locations of electrons in a bond
A single pair of electrons shared between
atoms is found centered in a line
between the two nuclei.
 This type of bond is called a sigma bond
( bond)
 For a double bond or triple bond the other
pair of electrons is found in the space
above and below the sigma bond.
 This bond is called a pi bond ( bond)



Sigma and pi bonding

There are other hybrid orbitals
sp hybridization- two groups around an
atom (linear).
 sp2 hybridization- three groups around an
atom (trigonal planar).





Sigma and pi bonding

Triple bonds


Triple bonds have 1 sigma and 2 pi bonds
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Equations Sheet

Reaction Rate


Kinetics/Rate Law





The measure of how fast a reaction
progresses
Change in concentration of a reactant or
product per unit time.
Rate = D[A]/t

[A] means concentration of A in mol/L; A
is the reactant or product being
considered.

Rate Law




Rate Law

Rate law- An expression showing how the
rate depends on the concentrations of
reactants.
For the decomposition of nitrogen
dioxide:
2NO2(g) → 2NO(g) + O2(g)
Rate = k[NO2]n:
 k = rate constant
 n = order of the reactant

Reaction order
The

“n” variable in the expression
reaction order is a positive or
negative exponent, for a reactant, for
which the concentration is raised to in a
rate law.
For most problems we will deal with, it
will be 0, 1 or 2.
A

Rate Law
Rate = k[NO2]n
The value of the exponent n must be
determined by experiment; it cannot be
written from the balanced equation.

Rate = k[NO2]n
The concentrations of the products do
not appear in the rate law because the
reaction rate is being studied under
conditions where the reverse reaction
does not contribute to the overall rate.





Determining the form of a rate
law
For 2N2O5(aq) → 4NO2 (aq) + O2(g)
Rate = k[N2O5]n
[N2O5]

Rate (Ms)

.90 M

5.4 x10-4

.45 M

2.7x10-4

So
5.4x10-4 = k(.90)n
 And 2.7x10-4 = k(.45)n


Solving
Using substitution
5.4x10-4 / (.90)n = k
 2.7x10-4 = k(.45)n



2.7x10-4 = (.45)n 5.4x10-4 / (.90)n
2.7x10-4 /5.4x10-4= (.45/.90)n
 .5 = .5n
n= 1



10

Determine the form of a rate
law

Overall Reaction Order

For 2NOCl(g) → 2NO2 (g) + Cl2(g)



[NOCl]

Rate (Ms)

5.0 x10-4 M

1.35 x10-4

1.67 x10-4 M

5.0x10-6

The sum of the exponents in the reaction rate
equation.
Rate = k[A]n[B]m
Overall reaction order = n + m

Using Rate =
We know
 1.35x10-7 =k(.100)n (.0050)m
 2.70x10-7 =k(.100)n (.010)m
 5.40x10-7 =k(.200)n (.010)m
 Now with substitution

1.35x10-7 / (.0050)m =k(.100)n
 2.70x10-7 =k(.100)n (.010)m


2.70x10-7 = (.010)m 1.35x10-7 / (.0050)m
 2.70x10-7 / 1.35x10-7= (.010 / .0050)m
 2 = 2m
m = 1


Order of the reaction
Order of reaction = n + m
1+1=2
 To solve for k plug these values in
 1.35x10-7 =k(.100)1(.0050)1
 2.70x10-7 =k(.100)1 (.010)1
 k = 2.7x10-4 M-1 s-1


the experimental data below,
determine the differential rate law.
NH4+(aq) + NO2- (aq) N2(g) + H2O(g)
Experiment Initial rate
Ms

[NH4+]

[NO2-]

1

1.35x10-7

.100 M

.0050 M

2

2.70x10-7

.100 M

.010 M

3

5.40x10-7

.200 M

.010 M

Solving for m

k[A]n[B]m





From

k = rate constant
[A] = concentration of reactant A
[B] = concentration of reactant B

Solving


Example Problem

Solving for n
 2.70x10-7


/(.100)n =k (.010)m
5.40x10-7 = (.200)n k (.010)m

5.40x10-7 = (.200)n 2.70x10-7 /(.100)n
2 = 2n
n= 1



Units of k, if t is seconds
*sometimes it is NOT

Units of k
For whatever reason, the AP test
likes to ask for the correct units of
k.
 This changes depending on the order of
the reaction!
 Just remember, the units must
cancel out in the rate law equation!
 Rate is M/t (where t is some unit of time,
normally seconds), concentration is
molarity




1st order










rate = k [A]
M/s = ? M

k is s-1 or 1/s
2nd order

rate = k [A]2
M/s = ? M2
k is M-1s-1 or 1/(Ms)
0 order
rate = k
M/s = ?
k is M/s
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Example

Graphs (all v time)

For

the reaction below, determine the
experimental rate law and solve for k
with units.
NO2(g) + CO(g) NO(g) + CO2(g)
Experiment
1
2
3

Initial Rate
0.0050
0.0800
0.0050

Initial [NO2]
0.10 M
0.40 M
0.10 M

Initial [CO]
0.10 M
0.10 M
0.20 M

[A]

ln[A]

1/[A]

Zero order

First order

Reaction Mechanism.
A

reaction mechanism is a series of
simpler reactions that sum to the overall
reaction.
Mechanisms are influenced by
elementary steps, molecularity, and
reaction rate.

A

reaction can only move as fast as its
slowest step.
A rate-limiting (rate-determining) step
is the slowest step in a reaction
mechanism and therefore is the step that
limits the overall rate of the reaction.
The

rate law of this step must equal the
rate law of the reaction.

The

differential rate law (often called
simply the rate law) shows how the rate
of reaction depends on concentration.
The integrated rate law shows how the
concentrations of species in the reaction
depend on time.

Second order

Summary of the Rate Laws

The Rate Limiting Step of a
Reaction Mechanism.

2 types of rate laws

A

Intermediates/Catalysts

reaction intermediate is a substance
that is formed and used up during the
overall reaction and therefore does not
appear in the overall reaction.
A catalyst is a reactant in an early step
and a product in a later step. It therefore
cancels itself out.
Catalysts speed up a reaction by providing
alternate pathways (avoiding rate
determining step)
They do not change anything else, just get
you to the end of the reaction faster.

Elementary Reactions and
Molecularity.

Elementary

reactions (steps) are simple
reactions that describe a single molecular
event in a proposed reaction mechanism.
Molecularity is the number of reactant
particles involved in a reaction step.
Unimolecular is one, bimolecular is two
molecules.
Any more than two molecules is unlikely to
occur due to the low probability of the
molecules colliding with the correct
orientation.

Constructing the Mechanism
from the Rate Law.
We

can never fully prove that a
particular mechanism is the way the
chemical change actually occurs.
We can only look for evidence that
supports the idea, or does not.
Regardless of the elementary steps
that are proposed for the mechanism,
they must obey three criteria.
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3 criteria
1.

The elementary steps must add up to
the overall equation.
2. The mechanism must be consistent
with the rate law.
3. The elementary steps must be
physically reasonable (unimolecular or
bimolecular).

2N2O5(g)  4NO2(g) + O2(g)
Step 1: 2(N2O5
NO2 + NO3 )
(fast)
Step 2: NO2 + NO3 → NO + O2 + NO2 (slow)
Step 3: NO3 + NO → 2NO2
(fast)
Now compare what is left to your initial equation

The gas-phase reaction
between H2 and I2

need to show the slow step’s rate law
is equal to the overall rate law.
For this, coeffiencts of the mechanism
are the order of the reaction. NEVER any
other time. The actual order of the
reaction must be determined
experimentally.
Write rate laws for both directions and
equal to each for equilibrium steps.

Temperature

Collision

Theory-reaction rates are the
result of frequent and energetic
molecular collisions.
The more moles (higher concentration)
of reactants present, the increased
likelihood of a collision.
Rate depends on the product of the
reactants.

H2(g) + I2(g)  2HI(g) )
 rate = k [H2][I2]
 The accepted mechanism is
1. I2(g)
2I(g) [fast, reversible]
2. H2(g) + I(g)
H2I(g) [fast, reversible]
3. H2I(g) + I(g)  2HI(g) [slow; rate limiting]
 Show that the mechanism is consistent with the
rate law.

Activation Energy
Atoms are held together by chemical bonds.
 Some bonds are stronger than others.
 The bond strength is determined by the
amount of energy required to break it.
 The collisions of molecules provide energy.
 Weaker collisions don’t have enough energy
to break bonds.
 Activation Energy- the minimum amount of
energy needed to break bonds to begin a
reaction

You

Collision Theory





Showing rate laws of
mechanism

Decomposition of N2O5

Increasing

the temperature increases
the average speed of the reactants.
This in turn increases the frequency of
the collisions.
 Although, calculations and
experiments lead us to believe only a
fraction of collisions result in a
reaction.

Probability …Randomness
Collisions above the activation energy alone
do not guarantee a reaction.
 The collisions
 still must be at
 a proper
 orientation
 (angle) to cause
 a reaction.

Equilibrium



Higher Temperature always results in
more collisions.
 For an exothermic reaction, Ea (fwd) is
always greater than Ea(rev).
Exothermic reactions take high energy
reactants and make low energy
products.
The energy is the bond energy.
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Effect of temperature on
reaction rate

Molecular structure

Arrhenius was able to express k, rate law
constant as a function of the temperature.
 He also had to factor in a value A, which is the
frequency factor.
 Frequency factor is the rate of successful
collisions


Collisions are labeled as effective or
ineffective.
 Effective collision increase the rate as
particles line up in such a way that a
reaction occurs upon collision.
 Ineffective do not start a reaction at all.
 That is why reactive chemicals can sit
next to each without a danger.
 E.g. match, dynamite
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