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Kinetics: Reaction Rates, Orders, Half Lives

aA + bB > cC +dD
Rate of Reaction:

__1dA]__1dpB]_1dc
Rate = adt bdt cdt

|_1dp]
d dt

N
Experimentally = Rate =k] (/"
i1

Where k = rate constant
C; = Concentration of Reactant
vi = Order of reaction with respect to

wen

reactant i

wen
|

Y y; = Overall rate of reaction
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I) Zero Order Reactions (rare)

A — products

_dAT_

p” k {k is in [moles/(liter sec)]}

[Al= -kt + [A]

[A]

»

ti2 = [Al/(2k)

[Als

[Al/2

v

t1/2
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IT) First Order Reactions

A — products

Al

&~ KAl {k is in [1/sec]}
[A]= [AlLe™ In[A] = -kt +In[A],
In[A]4
In[A],
Slope = -k

v

t12 = (In 2) / k = 0.693/k k = (0.693)/(t1,2)|
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ITIT) Second Order Reactions

a) Second order in one component

A — products

Al

_ 2
dt KIA]

1 1

T

1/[A}

>

Slope = k

1/[AL,

t1/2 = 1/(k[A]o)|

v

page 4
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b) First order in each of two components

A +B — products

Al

d4t = k[A][B]
1 [A][B],
kt = I A B
(AL AE e

Special cases:
11 + kt
[A] [A]

i) [AlL=[BlL =

[A] = [B]

This is like 2" order in one component

i) [Bl, «[Al, = |[B]=[Bl.e™

where |k' = [AlK

This is pseudo 1°" order
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Determining Orders of Reactions

I) Getting the data

a) Quench the reaction, measure concentrations

b) For gas phase, measure pressure vs. time

c) Spectroscopically follow reactants/products
Etc...
IT) Analyzing the data

A) Reactions with one reactant:

A — products
a) Plot or analyze [A] vs. t

InN[A] wvs. t
1/[A] vs. t

and find which gives a straight line.

b) Half-life method: measure t1,2 vs. [A],

15" order — 115 « [A]L°
2" order — t1/2 [A]o-1

etc....
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c) Multiple lifetimes (ts/4 and t1,2) (at t3/4, [Al=[Al,/4)

1-
" order — t34 = (2In2)/k = 34 =2
1/2

.I-
"dorder — t34 = 3/([AlLK) = T3/4 =3
1/2

B) Reactions with more than one reactant:

eg. A+B+C — products

a) Initial Rate Method

_ ~ arR1PrC1Y
For [A], AT g R, = k[A];[B] [C]
/
For [AL/ AALL s < kiayeBYICY
At
=0
Experimentally determine 2—2 = G;\}Z J

If 2[A] = [A], then, if E—‘j:l = a=1

(o]

if R—/ \/_:> a=1%
n‘::—/=2:>oc 1
n‘::—/:4:>oc 2

etc...
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b) Flooding or Isolation (goal is to try to make
problem look like a one-
reactant system)

take [Al, <« [Bl,, [C],
e.g. flood system with Band C

Then [B]~[B], and [C]~ [C],

d[A]
dt

So that - ~ k'[A]*

Where k'=Kk[BIP[C]!

The reaction then becomes pseudo a-order with one
reactant.





