Chapter 11

Rate of Reaction




Kinetics:




(reaction rate)

rate = Dconc. of species/ Dt
aA +bB® cC+dD
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Concentration of N,O, 2NO,, and 1/2 O, over time
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A:

rate = k|A]™ k= , M= (order)
(A, B):

rate = k[A]M B]" = m+n

,m n (1, 2,3, 0,%.....)

( )




: m Kk .
CH;CHO(g) ® CH,(g) + CO(g)

rate 2.0 M/s 0.50 M/s 0.080 M/s
[CH;,CHO] 10M 0.50M 0.20M
2.0/0.50=(1.0/0.50)m m=2 , rate = k| CH,CHQJ?

_ 20— _20M/s _ -1
k = rate/[ CH;CHOJ] (1.0 M)? 2.0(M>s)




11.3

1 (First order reaction)
IN[A]o/[A] = kt; [Alp = A
[A] = t A
1) k=0.250/s, [A],= 1.00 M ,100s A ?

In[A],/ [A]=0.250" 10.0=2.50
[Al/ [A] = €250=12.2
[A] = 1.00 M/12.2 = 0.0819 M




[A] = [Alg2; [Alo/[A] =2
In2=kt; t;,=In2/k=0.693/k=2.77s




ty, .1.0M 0.50 M
20M 1.0 M.




0
rate = k; [A]=[A], - kt;
plot of [A] vs. tislinear

rate = k[A]%; I/[A] - I/[A], = kt
plot of I/[A] vs. tislinear
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L ate Law
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NO(g) + O;(g) ® NO,(g) + O,(9)

1. Contact/Collizion




(Collison moddl)

, P ,Z ,f f = e&RT

, ()

/ R= Reactants
A= Activated Complex

E P P= Products
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(Activated complex)

Activated complex [O=C - 0 —N=0]

—— — — o —— —— — — — — — — — — —

Reactants
(CO +NO,)
AH = =226 kJ

Energy

Products
(CO,+ NO)

Path of reaction
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Arrhenius rale=p° Z  e&r
Ink=1InA-E/RT;, R=8.31JK, E,Injoules

Inkvs. UT -E/R
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T11T2
Ink, =In A-E/RT,
Ink, =In A-E/RT,

Ink,-Ink, =-(E/RT,-E/RT,)




25  35°C 2 . E?

In k,/k, = In 2 = 0.693 = E_[1/298 - 1/308]/8.31

E,=5.3" 10*J=53kJ




(Catalysis)

Energy

Path of reaction




Homogeneous catalyst
2H,0,(ag) ® 2H,0 + O4(9)

H202 Ea
b '

H,O,(aq) + 1" (aq) ® H,O + 10" (aq)
H,0,(aq) + 10 (ag) ® H,0O + O,(g) + I"(ag)
2H,0,(aq) ® 2H,0 + O,(g)

E

a




Catalytic converter

Catalytic Converters

« Catalytic converters in automobiles work by
speeding up the decomposition of MO,

+ Catalyets are not "uzed up" in chemical reactions,
#0 catalytic converters do not require
replenizhment.

Heterogeneous cataysty~ 4+ 0, >Pt > 2CO,

Ptand Rh CyH,q + 25/20, > Rt > 8CO, + 9H,0
2NO >Rh > N, + O,




f).

slow step = overall rate

rate determining step;

Intermediate ( )




Xy, A, 3
First, X,

X(9) ~ 2X(g) ;fast
rate constants = k,(forward), k ,(reverse)

X(9) + A Q) ® AX(g) +A(g)  ;slow
rate constant = k,

A(g) + X5(9) ® AX(g) + X(9)
rate of reaction = rate slow step = k,[ X] ~ [A,]




Reaction M echanism example

rate of reaction = rate slow step = k,[ X] = [A,]
To eiminate X, an unstable intermediate, note that:
K[ X5] = k—l[x]2

Solving this equation for [ X] and substituting in the rate
expression:

()2 . e
G

reaction should be 1st order in A,, 1/2 order in X,,

rate = [AL]




