VIII) Reaction Mechanisms
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Reactions are expressed using a reaction equation. The equation gives information
about the reactants and products, but very little information about the process that
occurs to get from reactants to products. An equation suggests a one step process,

which is in reality seldom the case. Most reactions inyolve a series of steps called a i WO
reaction mechanism. B > & : 4 O )‘Vv‘ o0
——Example: Br + O, = O +(2Br, ° 09— \%\3&

he chemical reaction above actually has a three step mechanism. Why doesn’t this
reaction occur in one step (think about the collisions that would have to occur
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The three step 5 mechanism forHBr reacting with Ox:
Step 1: \HBr + O, = B@@r +vg)g/gy, rate: fast oyothermiC L ta

Step 2: HOOBr +|HBr +Me,;1%§y_:> 21;1@'51" rate: fast endoturmiC \l/fﬁ _*

Step 3: 2H@Br + 2HBr = 2H,0 + 2Br, rate: slow e Xo¥wermic Eq
Overall: HHPr + Oy =) aH0+ Abory '\'Wﬁj AH = negatlve \é voynermi C

, 3 e e slowes).
a) Which step is the rate-determining step and why? Sp 2 blc i+1s | s .
b) Why are HOOBr and HOB¥ not part of the overall reaction equation?—2) e 2‘5'_:;@

c) Draw a potential energy curve for the 3 step mechanism. are used in
rux b shp.
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Progress of Reaction

HOOBr and HOBr are called ﬁ eachon \ (\‘\-e,( med (\q{f D

Define Reaction Intermediate: o—e*\en rocducad in % \ ..and
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Notice that reaction intermediates are not part of the overall reaction because they

"cancel out".

The first place you will see a reaction intermediate is on the 'Dr Ode\C:\’ side
nd then subsequently on the __( *QOKC\‘OWY\' side. <§k nole o coradust 15
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Step1: O3 + Né + e y = Neg +10, rate: fast VEa endotarsn &
Step 2: N@ + 0 > NG/+ 'OZ + er)QLKﬁ rate: slow /VE,;\ ey oM C

a) What is the overall reaction? O, + O => ROR

b) State anv reaction intermediates. a1 A
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b) State any reaction intermediates. N0 5
c) Which is the rate determining step? e Q" dowT 53‘ .

chanism. The overall reaction is endothermic.
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d) Sketch a PE curve
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Progress of Reaction

What was the role of NO in the last example? CC\iC«_Q.,u\%‘\‘

a substance that _INCYEUSES the rate without being consumed in a
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reaction
The involvement of NO created a different, lower energy mechanism for the reaction.

What happened with NO in step 1? co\\ide> w it On o produce 0O
i was consowmae d

What happened with NO in step 2? ¢ ¢ LA oS, coidin 'O Yo groduce O3 and
cegpratie e caxayst 'NO”

Why must catalyzed reactions involve a W
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A catalyst is usually not part of the overall reaction (not a reactant or product) because

it "cancels out".
You'll see a catalyst on the Keachant side first, and then on the

P0duCT . side.
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30 Step L + H.0r = }Br/ + 2H" + O
(5 Step 2:9p, 1 a4 Hale = Bra + 2H0
W0 Overall: 2H,O> = 2H,O + O,

a) Determine step 2.
) ( 52 crooue)

b) Identify any reaction intermediates. Br™ and HY vlc Wi
) are ?Xodu\}jcz,é \ns*-op\ ,and Subscctw\“\vl:s osed u'\).

c) Identify any catalysts. 4 auss sk s @ reacta o
(2 b\‘\%m\n* qss %\U%m&?c+ in ‘e end oncharged -

Assignment 6: Reaction Mechanism Exercises

1) Step 1: 2NO + H, = Nz + HxO, rate: slow
Step 2: H,O., + Hy = 2HO rate: fast
a) What is the overall reaction?
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b) Which is the rate determining step?
c) Identify any reaction intermediates.
2) Step 1: rate: fast
Step 2: N>O» + Br, = 2NOBr rate: slow
Overall: 2NO + Bro = 2NOBr
a) Find Step 1.
b) If it was possible to increase the rate of step 1, how would this affect the overall

reaction rate?
c) Identify any reaction intermediates.

3) Why does the following reaction have a multi-step mechanism?
3FeCl; + KNOs + 4HCl = 3FeCl; + NO + 2H,O + KClI

4)

]

Progress of Reaction

a) How many steps make up the reaction mechanism?
b) State whether each step is endothermic or exothermic.
c) Is the overall reaction endothermic or exothermic?
d) Which is the rate determining step? How can you tell?
e) Label AH for the overall reaction on the curve.
f) On the curve, label an A wherever there is an activated complex and an I wherever
there is a reaction intermediate. How do the two differ?
5) Consider the following mechanism:
Step 1: NO2 + Mn = NOMn
Step 2:
Step 3: NO3 + CO = NO, + CO,
Overall: NO; + CO = NO + CO;
a) Determine Step 2.
b) Identify a catalyst.
c) Identify any reaction intermediates.
d) What would be the chemical formula of the activated complex in

Step 3?
6) Step 1: H" + H.O, = HzO2" rate: fast
Step 2: rate: slow

Overall: H" + I + H2 O, = HO + HOI
a) Detemine Step 2.
b) Identify any reaction intermediates.
c) Which is the rate determining step?
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d) What is the formula for the activated complex in Step 2?
(don’t forget to sum charges!)
7) Step 1: ClIO" + CIO" = CIOy + CI'
Step 2: ClIOy + ClIO” = ClOs + CI

a) What is the overall reaction?

b) What would the chemical formula be for the activated complex in Step 1? (don’t

forget to sum charges!)

c) Identify any reaction intermediates.

8) Step 1: NO + NO = N2O2  exothermic /rate: fast
Step 2: endothermic / rate: slow
Step 3: N2Os = 2NO» exothermic / rate: fast

Overall: 2NO + O, = 2NO;  exothermic
a) Determine Step 2.
b) Sketch a PE diagram for the reaction mechanism.
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