Chemistry 132 NT

Education is the ability to
listen to anything without

losing your temper or your
self-confidence.

Robert Frost
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Review

= The concentration-time equations.
= Half-lives of first-order reactions.

= Graphing kinetic datato determinerate
laws.

Collison Theory

# Rate constants vary with temperature and
consequently, the actual rate of areaction

isvery temperature dependent.

= Why the rate depends on temperature can by
explained by collision theory.




Collison Theory

= Collision theory assumes that for areaction
to occur, reactant molecules must collide
with sufficient energy and the proper
orientation.

= The minimum energy of collision required
for two moleculesto react iscalled the
activation energy, E..

Trangtion State Theory

= Transtion-state theory explains the reaction
resulting from the collision of two molecules
in terms of an activated complex.
#+ Anactivated complex (transition state) is an

unstable grouping of atoms that can break up
to form products.

+ A simple analogy would be the collision of
three billiard balls on a billiard table.

Trangtion State Theory

= Transtion-state theory explains the reaction
resulting from the collision of two molecules
in terms of an activated complex.
+ Suppose two balls are coated with a dlightly
stick adhesive and joined together.
+ We'll take athird ball covered with an
extremely sticky adhesive and collide it with
our joined pair.




Trangtion State Theory

= Transtion-state theory explains the reaction
resulting from the collision of two molecules
in terms of an activated complex.

+ The“incoming” billiard ball would likely stick
to one of thejoined spheres and provide
sufficient energy to dislodge the other,
resultingin anew “pairing”.

+ At theinstant of impact, when all three spheres
arejoined, we have an unstable transition-
statecomplex.

Trangtion State Theory

= Transtion-state theory explains the reaction
resulting from the collision of two molecules
in terms of an activated complex.

+ |f we repeated this scenario several times,
some collisions would be successful and others
(because of either insufficient energy or
improper orientation) would not be successful.

# We could compare the energy we provided to
the billiard balls as the activation energy, E,.

Potential-Ener gy Diagrams for Reactions

= Toillustrate graphically the formation of a
transition state, we can plot the potential
ener gy of areaction vs. time.

+ The next dideillustrates the endothermic
reaction of nitric oxide and chlorine gas.

+ Notethat the forward activation energy isthe
energy necessary to form the activated complex.

+ TheDH of thereaction isthe net changein
energy between reactants and products.




" Potential-energy curve for the endother mic reaction of nitric oxide and chlorine. I
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Potential-Energy Diagrams for Reactions

= The potential -ener gy diagram for an
exothermic reaction shows that the products
are more stabl e than the reactants.
+ Thenext dideillustrates the potential-energy
diagram for an exothermic reaction.

+ We see again that theforward activation energy
is required to form the transition state complex.

+ |n both of these graphs, the reverse reaction must
still supply enough activation energy to form the
activated complex.

Potential-ener gy curvefor an exothermic reaction.
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Summary

# Successful collisions require a minimum
activation energy, E,,.

# Some collisions are successful, some are not.

% Heating reactants increases the likelihood of a
successful collision.

# So how exactly does temper atur e affect the
rate constant and consequently the reaction rate?

Collison Theory and the Arrhenius Equation

= Collision theory maintainsthat the rate constant
for areaction isthe product of threefactors.

k = Zpf

1. Z,thecollision frequency

2. f, thefraction of collisions with sufficient
energy to react

3. p, thefraction of collisions with the proper
orientation to react.

Collison Theory and the Arrhenius Equation

= Thefactor, Z, isonly dightly temperature
dependent.

+ Thisisillustrated using the Kinetic Theory of
gases which shows the relationship between
the velocity of gas molecules and their
absolutetemperature.

velocity= % o velocityp [T,

m




Collison Theory and the Arrhenius Equation

= Thefactor, Z, isonly dightly temperature
dependent.

+ Thisalone does not account the observed
increasesin rateswith only small increases
intemperature.

+ From kinetic theory, it can be shown that a
10°C risein temperaturewill only produce
a2% risein collision frequency.

Collison Theory and the Arrhenius Equation

= On the other hand, f, the fraction of molecules
with sufficient activation energy turns out to be
very temperature dependent.

+ |t can be shown that f isrelated to E, by the
following expression.
,Ea
f=em
+ Heree=2.718... ,and Ristheidea gas
constant, 8.31 J/(mol-K).

Collison Theory and the Arrhenius Equation

= On the other hand, f, the fraction of molecules
with sufficient activation energy turns out to be
very temperature dependent.

+ Fromthisrelationship, as temperature
increases, f increases.

f =6

+ Also, adecreasein the activation energy, E,,
increasesthevalueof “f”.




Collison Theory and the Arrhenius Equation

= On the other hand, f, the fraction of molecules
with sufficient activation energy turns out to be
very temperature dependent.

+ Thisisthe primary factor relating temperature
increasesto observed rateincreases.

f=er

Collison Theory and the Arrhenius Equation

= Thereaction rate also depends onp, the fraction
of collisionswith the proper orientation.

+ Thisfactor isindependent of temperature
changes.

+ S0, with changesin temperature, Z and p
remain fairly constant.

+ We can use that fact to derive amathematical
relationship between the rate constant, k, and
the absolute temperature.

The Arrhenius Equation

= |f we were to combine the relatively constant
terms, Z and p, into one constant...let’scall it
A, we obtain the Arrhenius equation.

-Ea
K=Ae~
+ The Arrhenius equation expressesthe

dependence of the rate constant on absolute
temperature and activation energy.




The Arrhenius Equation

= |f we were to combine the rdlatively constant
terms, Z and p, into one constant...let’scall it
A, we obtain the Arrhenius equation.

Ea
k =Ae~
+ The constant, “A”, is sometimes referred to as

the “frequency factor”. (see Problem 13.93 at
the end of the chapter in your text)

The Arrhenius Equation

= |tisuseful to recast the Arrhenius equation in
logarithmic form.
+ Taking the natural logarithm of both sides of
the equation, we get:

Ink =InA - £

RT

The Arrhenius Equation

= |tisuseful to recast theArrhenius equation in
logarithmic form.

+ We can relate this equation to the (somewhat
rearranged) general formulafor astraight line.

Ink=InA-2(2
y = b +mx

+ A plot of Ink vs. (I/T) should yield a straight line
with aslopeof (-E,/R) and anintercept of In A.
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The Arrhenius Equation

= A more useful form of the equation emergesiif
welook at two pointson thelinethis equation
describes, that is(k,, (U/T,)) and (K,, (UT))).
+ The two equations describing the relationship
at each coordinate would be:

Ink, =InA -2:(2)
and
Ink, =InA -%($)

The Arrhenius Equation

= A more useful form of the equation emergesif
welook at two pointson the line this equation
describes, that is(k,, (UT,)) and (k,, (1/T,)).

+ We can eliminate In A by subtracting the two
equationsto obtain:

k, _E,
=% )




The Arrhenius Equation

= A more useful form of the equation emergesiif
welook at two pointson the linethisequation
describes, that is(k,, (U/T,)) and (K,, (UT))).
+ With thisform of the equation, given the

activation energy and the rate constant k; at a

giventemperature T ;, we can find the rate
constant

k, at any other temperature, T .
| ”@ Roo
\

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements
H(9) +12(9) ® 2HI (g)

is2.7 x 10 L/(mal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,

+ Substitute the given datainto the Arrhenius
equation.

1 35710° _ E, 11
27710* 831J/(mol xK) \600K 650K

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI(g)
is2.7 x 10 L/(mol-s) at 600 K and 3.5 x 103 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Simplifying, we get:

In(1.30°10")=1.11=——2 " (1.28" 10'“)
8.31J/(mal)

°11



A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H,(9) +1,(9) ® 2HI(g)
is2.7 x 10 L/(moal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Solving for E;

_ 111" 8.313/moal

W= ———————=166" 10°J
1.28" 10

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI (g)
is2.7 x 10 L/(mal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ So, what'skjat 750 K ?

=%

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI(g)
is2.7 x 10 L/(mol-s) at 600 K and 3.5 x 103 L/(mol-s)
at 650 K. Find the activation energy, E,,
# Substitute the given datainto the Arrhenius
equation.

. Cleo 10D 1
! 50K

36
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A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H,(9) +1,(9) ® 2HI(g)
is2.7 x 10 L/(moal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Simplifying the temperature term we get:

k, _ 166 10°J

In =
27°10% 8.31J/(mol XK)

(2.05" 10°%)

N\

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI (g)
is2.7 x 10 L/(mal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Reducing the right side of the equation we get:

k

||']—3
27 10*

=4.098

Takeinverseln of
both sides

A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI(g)
is2.7 x 10 L/(mol-s) at 600 K and 3.5 x 103 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Taking the inverse natural log of both sides we
get:
k 3 — e4.098

27 104




A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H,(9) +1,(9) ® 2HI(g)
is2.7 x 10 L/(moal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
#+ Taking the inverse natural log of both sides we

get:
2.7 10
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A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H(9) +12(9) ® 2HI (g)
is2.7 x 10 L/(mal-s) at 600 K and 3.5 x 10-3 L/(mol-s)
at 650 K. Find the activation energy, E,,
+ Solving for k; we get:

k,=2.7 10*L/(mol xsec)” (60.2)
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A Problem To Consider

+ Therate constant for the formation of hydrogen
iodide from its elements

H () +1,(g) ® 2HI (g
i§2.7 x 10 L/(mol-s) t 600 K afd 3.5 x 10- L/(mol-g
at BBOHc—RHagheeCtivation energy; S

+ Solving for k; we get:

K, =16 10" L/(mol xsec)>

At 750 Kelvin
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Operational Skills

# Using theArrhenius equation

Timefor afew review questions.
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