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Totally Epic AP Chem Review: Collision Theory and Reaction Mechanisms

Collision Theory: A Model that Explains Reaction Rates

For a given reaction to occur, molecules that collide must meet two conditions before an effective collision will
occur (and the reaction takes place):

1. Correct_ Ol enTaTior 2. Sufficient 2v&0 Ay (i.e. activation energy)
S~
-

For example:

A+BX ——= B+AX

®-- -
Ineffective Collision
Effective
" ~Collision .

Activation energy ( Ta = ): energy barrier (or hump) that must be overcome for reactants to convert into products.

IMPORTANT: The higher the activation energy, the S lowles the reaction rate!!!!!
~ -

Activation energy is the “push”
needed to start a reaction
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Activated complex (or transition state): the high energy '\"(’»’ml;\ 4 ,\J(, state that is the collision product of the
reactants, with some bonds partially broken and some bonds partially formed. The activated complex can either

. revert to reactants or proceed to products.
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Effect of Temperature on Effective Collisions

X . L " ! As temperature increases, the fractinn
As temperature increases, by definition the average NG | of molecules with enough energy to surmount

energy of the particles also increases. | Sheactivation energy barmier oo fncreases .
i l ¢ L\
s« Meal ‘emup= Svpeede ‘em up!
P . 4 E
* More speed = more collisions with greater energy = ~ ) Activation
* Thus, more chances of an effective collision. 2 i | enegy
A k-] T \
Note: As temperature _|, (from T, — T,) the fraction of molecules g \ i
g
—

of particles energetic enough to achieve E, 1 , thus more particles & >N}k
P i T ‘“ !
react and thereactionrate | . -
/ Two very important concepts: \

1. Only changing _6.cTat on energy or 1'€MP€"4qu€£an change the rate constant!
2. S00000 important:
T Temperature does NoT decrease activation energy!!!!!!
\\ (only a catalyst can decrease activation energy: reefe-srrthatshertiy! ) /

Reaction Mechanisms: Elementary, my dear Watson!

Collision theory assumes that most reactions occur in a series of steps where one or more reactant particles collide, .
known as the (¢4¢t on mechan Sm

Elementary steps: each single step in the mechanism — must 'RCUV up to overall balanced equation for mechanism!

Molecularity: -ﬂ of molecules participating in an elementary step

To be correct, the reaction mechanism:

1. Must be determined by experiment.
2. Must agree with overall stoichiometry.
3. Must agree with the experimentally determined rate law.

Rate Laws for Elementary Steps
e Each elementary step in the mechanism has its oW activation energy and its oldi, rate law.

¢ Although the rate law and orders for an overall reaction MUST be determined
eXperiMenta “Ls , the rate laws and orders of an elementary step can be derived from the
Stoichiometry Y of that specific elementary Ste .
J

Example
Overall reaction

ZNO;e(g) + Fz(g) = 2N02F(g) rate = kﬂ[Noz]fromexp.data[Fz]fmmexp.da!a

Reaction Mechanism
Step 1: NOa(g) + F2(g) = NO:F(g)+F(g)  rate = k,[NO,]'[F;]' from step 1 coefficients

Step 2: NO;(g) + F(g) = NO:F(g) rate = h;,:\[rw.lt)z]‘[F]1 from step 2 coefficients
7




Elementary Step

A — poducts
A+A -—+ products

A+B — products

| A+ A+ A. — products
A+A+B —> products
.A+_B+ =3 prodﬁ&é o

Reaction Mechanisms and Rate Expressions:

(€DS)
The rate de%grmining step is always the slowest

step (with the highest
energy)

Rate of overall reaction = combined rates of all

elementary steps up to and including slowest

step in mechanism.

activation
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TABLE 13.3 Rate Laws for Elementary Steps

Rate Law

Molecularity
1 Rate = k[A]
9 Rate = k[A]2
2  Rate = KAIIB]
| 3 (rare) Rate = k[AIB,
3 (rare) Rate = k[AJ*[B]
3 (rare) Rate z!f[ﬁ’t][f&!][C]

Energy Diagram for a Two-Step Mechanism

[ Because E, for Step 1 > E, for Step 2, Step 1
! has the smaller rate constant and is rate limiting.

« Step 1 has higher
achivation energy.

Transition
states

o e

«Step 1 has smaller
rate constant.
En &

« Step 1 determines
| overall rate.
\

Energy

Reactants
AH o

Products

Step 1 Step 2

To validate a reaction mechanism, two conditions must be met:

1.

2.

Elementary steps must _S WM
Rate law predicted by the MmechaniS m

including slowest step (RDS) in the mechanism) must be consistent with the €xXpe{ imenta(ly

observed rate law.

to overall reaction.

Reaction progress

(the combined rates of all elementary steps up to and

J

To get credit for free response: you MUST relate the (oe Flcie wt S from the balanced RDS ( S|o W/

step) to

the { 24001 e,n’(,f of the rate law}to justify the mechanism! % ocder L] feSpock 4o Hhat e sctait

i %

Example: Consider the following two step mechanism:
Reaction Mechanism

it

Aekermimed "-‘j Hee S
i The ¢low SJFC?IJ(LP (% ‘
L (rj?ed e B since B 1Sht

Step 1:
Step 2:

a. Determine the overall reaction.

2A- A
A, +B = A,B

AA+B AR

slow

fast

2
b. Predict the rate law for the overall reaction. Justify your answer. l'afl'€ = K [ Aj

The Q\'@Jf Ste b

{q]chioma\f of +hat S-I-f’P -
o muth e 2% ocder w/ reSpect to A (ad O
iqu"‘t be 'H'lf- Slow S“fPl

a-p ‘H\e me chaniSe ¢ the Slow Q-RP} So the (ate law (an be
2 Since A hat 4 ¢ oeRient sl

order
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Catalysts vs. Intermediates

Intermediate: formed in an early step and consumed in a later step.

Catalyst: something that inC{ea5el therate of areaction W itho u‘{; being consumed in the reaction. .

e Provides a surface or better orientation (an alternate pathway) for reaction, increasing # of effective

collisions
1o g
e Usuallyreplaces - 1144 activation energy step with 2 srmone lowler activation
AAAN = — == ———=x

energy steps (you need to draw a new energy diagram for catalyzed reaction)

o Is LomSumed in an early mechanism step and then v sAuted. in a later step.
\

¢ Does not change thermodynamics, only kinetics! (can speed up a reaction, but_A H isthe same)

Transition states

l
]

Ea (no catalyst)

Energy

E, (with catalyst)

Reaaction coordinate Reaction Progress

Encrgy

¥

Catalysts vs. Intermediates: two species that can appear in a reaction mechanism, but NOT in the overall reaction!

-> Both are species crossed off when summing a reaction mechanism into overall reaction
an earli ey

» |f a species forms as a Frodud in opé step and is used up as a Veact ‘MJC in a later step
(and cancels out), it’s an intermediate. . fiorsep
» Ifaspecies g%augtsd'as a Yeact anf{ \f and s | formed as a Prod uct in a later step (and cancels out),
it’s a catalyst. ( e
HeO2 (ay *+ 1 a = MO + 10 g sfow

HzO2 (e + 107(agp = MOy + Oz¢qp + 1 (s fFast

Example: Does this reaction mechanism have an intermediate and/or catalyst? Identify and explain your

classification.

. rSHe
IO is an miermediate . Pr’oc{uﬂfﬁ’* in early Step, ConSumed [ater Srep

T isa Cahlﬁ: (‘oﬂ.ﬂﬂmf’({ f ec‘«rlj S‘{CFJ ?v’oducgdm \ater P’rep




