South Pasadena « AP Chemistry

[Keep for Reference]

15 « Chemical Kinetics: Rates of Reaction

» How to talk about Rate

rate = D[chemicd]/Dtime

rate of disappearance of reactant or

rate of appearance of product

use coefficients to change onerate to another
watch your signs (D[React.] = -D[Prod.])
instantaneousrate isdope of [R] vs time
graph. Initid rateis often used.

* How to Speed Up aReaction
[Use Callision Theory, Kinetic Molecular Theory]
increase the concentr ation of reactants
- increase molarity of solutions
- increase partid pressure of gases
[collison modd: more collisong]
more sur face ar ea between unlike phases
[collison modd: more collisong]
increase the temperature
[callisonmodd: more & harder callisons]
add a catalyst
- homogeneous catalyst (used & reformed)
- heterogeneous catayst (surface catdyst)
[collisonmodd: dternate mechanism that
requires lower energy collisonor
ensures that correct particles collide]

* Two Important Diagrams
PE energy profileof areaction
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reaction coordinate

?H of the reaction relates reactant and product
PE's/ exo- or endothermic/ downhill, -DH, or

uphill, +DH

s

activation energy (E,) = energy barrier
- activated complex (at the peak)
- whether areaction isfast or dow dependson
the activation energy in the PE profile
- PE profile does not change with changein
temperature of the reactants?
- adding acadys lowersthe E;

A BLUFFER’'S GUIDE
The KE digtribution of a substance
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- temperature isthe average KE
-increasing temperature spreads out curve to theright,
increases average KE

‘ d threshold energy
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- adding a catalyst moves the threshold energy to the

|eft.
d threshold energy
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How do these two picture r elate to each other (turn
the KE on its Sde... the particles use their KE to
provide the needed PE to react)

* Reaction mechanisms
- step-by-gtep...two particles at atime

- example
overdl:
4 HBr + 02 ® 28[‘2 + 2H20
mechaniam:

HBr + O, ® HOOBr

HOOBr + HBr ® 2 HOBr
HOBr + HBr ® Br, + H,O

HOBr + HBr ® Br, + H,0

[note: HOOBr and HOBr are not in the overal
reaction because they are neither reactants nor
products, they are “reactive intermediates’]

- overdl reaction is sum of steps
- dowest step israte-deter mining step



Rate Laws
- what they mean
- how to determine them

order of rxn
- first and second order reactions
- what these look like graphicaly

- how they relate to the rate determining step - how you can graphicdly tdl the order of a

- how they help you choose a mechanism reaction
order | straight-line plot Slope
Generd Form: 0 [R]; vs. t -k
Equaion: A+B® C 1 IN[R]; vs. t -k
Rete = k [A][B) 2 1V[R], vs. t k

_ .. - how thisrdatesto the rate law
k isthe “specific rate congant”

Use experimenta data to determine x, y, and k. half-life
_ - relationship to radioactivity
The Rate Law CANNOT be determined from the (afirst order reaction)
overdl reaction. It MUST be determined - the equation
experimentaly because the rate law reflects only the [A]
“rate determining step.” In ﬁ =kt
t

- the specid case of hdf-life
In(2) = 0.693 = kt.,

Rate law can be determined from the initid rates.
See Example 15.3 and Exercise 15.3

Rate Law matches the Mechanism chain reactions (fill in from lecture & video)

- initigtion steps

Examplesfor: 2A +3B ® C (fill in from lecture) .

Rate Determining Step - propagation steps
Rate Law in the mechanism

Rae=k[A][B] |A+B® X (dow) - termination steps
examples
- H,+ClL® 2HCI

Rate =k [A]? A+A® X (8 2+ Ch

5 (son) - polymerization reactions (addition)

ATASX (i) - 0zone depletion

Rae=k[A]B] |B+X ® Y (dow)

Each gtep is usudly bimolecular.
A third order overdl reaction
often comes from afast
equilibrium before adow sep.

ozone layer
- gpecifics on why CFC's are dangerous to the
ozone layer and are economically desirable here
on the surface

This could be a mechanism that
Rate =k depends on a catalyst

only. The concentrations would
not matter.

Determining E, from caculations using the Arrhenius
Equation




