Concentration — Time and Rate L aw

Mathematical expressions allow us to determine the conc. Of areactant remaining in a system at
any particular timein areaction.

Theratetellsus. How the speed of areaction varies with the conc. of the reactants.
However we wish to know: more than how fast areaction is going.

ijo know the conc. of the reactants & products at some specified time after the reaction
h

so that we can decideif it istimeto harvest the products.

ight like to know how much of the reactants remains or how long it would take for the
C e reactants to drop to some minimum optimum values so that we could replenish them.

co ion to time.

I n<c‘> obtain information of this type requires a mathematical expression that relates
Tmi cal expression that relates concentration to time can be obtained from the rate law
of derived using calculus.

T atical expressions are always the same for a given order of the reaction, thus they
require aknowledge of the order of the reaction.

at areaction: A — > products
er, then: Rate = k[A]* Equation 1
Rate = - ?[A] Equation 2

?t

C equation1and 2 ... - ?[A]
----- = k[A]*

?t
Inw thisleadsto ...
I [Al;
In ----- = - kt
= [Al,

R ing this equation we obtain ...
In[A], = -kt + In[A],

(y = mx + B)
[AOoncentration of reactant A at atime = 0 (i.e. when instrument readings started not
necessarily at time = 0)
[A]; ="eoncentration of reactant A at alater time = t

A plot ofIn [A]; vstime, t, will be alinear graph, slope = - k (the rate constant).
Thisintegrated form of the equation is useful in three ways:

1. If [A];/ [A]oisknown in the lab, then k may be calculated.

2. If [A],and k are known the [A], of material expected after time t may be determined.

3. If kisknown, then the equation can be used to calculate the time elapsed until A achieves
some pre-determined concentration, [A]; .



Characteristic Properties of Rate Laws

[A]; = concentration of A after timet,

[A]o = concentration of A at beginning of reaction.
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Rate Law Summary
1. Rate law is determined experim
2. Rate law is defined in terms
3. The order isnot related to th

ly.

tant concentration (not product concentration).
hiometric coefficients of the reactantsin the overall balanced equation, however it isrelated to

the coefficientsin the rate determining step.




Rate Equationsfor Elementary Steps

Molecularity is defined as the number of speciesthat must collide to produce the reaction
indicated in that step.

The molecularity of an elementary step and its order are the same.

Elementary Step Molecularity Rate Equation
A ----> product unimolecul ar Rate = k[A]
A+B --->product bimolecular Rate = k[A][B]
A —--> product bimolecular Rate = k[A]
m or K[B]?
2 ~---> product termolecul ar Rate = k[A]*[B]

or k[A][B]?
m or Kk[B]®
or k[A][B][C]
Gﬁal Representation of Rate Law
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