
In the Binary Collision Model we made a good case for theIn the Binary Collision Model we made a good case for the
rate expression:rate expression:

R={R={pp((ss !!ABAB))2 2 <<uurelrel> e > e -E-EAA/RT/RT} (N} (NAA/V)(N/V)(NBB/V)/V)

Often, NOften, NAA/V and N/V and NBB/V are concentrations in units of molecules /V are concentrations in units of molecules 
per ml. To get these in moles per liter, just multiply by 1000/Nper ml. To get these in moles per liter, just multiply by 1000/N00!!

So the Binary Collision Model predicts R=So the Binary Collision Model predicts R=kkRRCCAACCBB



Basically, the Binary Collision Model predicts a reaction Basically, the Binary Collision Model predicts a reaction 
rate that is first order in A, first order in B and second rate that is first order in A, first order in B and second 
order overall.order overall.

B) First Order Reactions B) First Order Reactions [will need a model later!][will need a model later!]

Assume this is first order to get Assume this is first order to get ÆÆ
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dCA

dt
= = kCkCAA  if reaction is 1if reaction is 1stst order order

lnClnCAAºº = - k (0) + g = - k (0) + g

Integrate both sides:Integrate both sides: ++ÚÚ  [[dCdCAA/C/CAA] = - ] = - ÚÚ  kdtkdt

Need to find g from initial conditions.Need to find g from initial conditions.
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Equations for first order reactions areEquations for first order reactions are
very important. In the laboratory almostvery important. In the laboratory almost
ALL reactions can be made to APPEAR ALL reactions can be made to APPEAR 

First Order.First Order.



Bonus * Bonus * Bonus * Bonus * Bonus * BonusBonus * Bonus * Bonus * Bonus * Bonus * Bonus
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NN22OO55  ÆÆ 2NO 2NO22 + 1/2 O + 1/2 O22

Example of a first order reaction.Example of a first order reaction.

Rate =Rate =
-d[N-d[N22OO55]/]/dtdt = =

k[Nk[N22OO55]]



t = tt = t00 , C , CAA = C = CAA
00 Initial conditionsInitial conditions
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=
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CA
0 + k( t - t0 ), Take tTake t00 = 0  = 0 ÆÆ

C) 2C) 2ndnd Order Kinetics: A  Order Kinetics: A ÆÆ Products Products

- - ÚÚ  dCdCAA/[C/[CAA]]2 2 = k = k ÚÚ  dtdt 1/[C1/[CAA]]  = = kt kt + g+ g



At tAt t1/2 1/2 ,, CCAA = ( = (CCAA
0 0 / 2/ 2) )    and   and 1/[C1/[CAA]]  = 1/[C= 1/[CAA

00] + ] + ktkt

tt1/21/2 = 1 / kC = 1 / kCAA
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2) Initial Rates Method2) Initial Rates Method

If x<<cIf x<<c00  ÆÆdxdx//dtdt = const = kc = const = kc00  (sure to be true if t is  (sure to be true if t is
 small enough!) small enough!)

c = cc = c00 - x - x
Where cWhere c00 is the initial concentration and x is a  is the initial concentration and x is a 
function of time, x = x(t). x is simply the amount reacted.function of time, x = x(t). x is simply the amount reacted.

1st order reaction



dCdCAA//dt dt = -= -kCkCAA
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Slope NOT ConstantSlope NOT Constant

Blow up first one percentBlow up first one percent
of Cof CAA  vs vs t curvet curve

Initial part of curve will lookInitial part of curve will look
like a straight line if t is small!like a straight line if t is small!

Dt
Dc

DDc/c/DD t =  t = -k-k  CCAA
oo



Measure Measure DDc c vsvs. . DD t for first 1% of reaction. Here, c t for first 1% of reaction. Here, c00>>x, >>x, 
DD c  c @@  dxdx and  and DD t  t @@  dtdt  ÆÆ

Know cKnow c00 , measure  , measure ∆∆c and c and ∆∆t, t, ÆÆ obtain k obtain k

nnthth Order Reactions Order Reactions

A + B + C A + B + C ÆÆ products products a= initial conc of A
b= initial conc of B
c= initial conc of C



Bonus * Bonus * Bonus * Bonus * Bonus * BonusBonus * Bonus * Bonus * Bonus * Bonus * Bonus
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Can do a similar trick for nCan do a similar trick for n22 , n , n33

(Note, have kept b, c constant!)(Note, have kept b, c constant!)

((dxdx//dtdt))11 and ( and (dxdx//dtdt))22 are measured in the laboratory,  are measured in the laboratory, 
while awhile a11 and a and a22 are known quantities. are known quantities.



1) Exponents in rate law do not depend on 1) Exponents in rate law do not depend on stoichiometricstoichiometric
    coefficients in chemical reactions.coefficients in chemical reactions.

2)What is the detailed way in which the reactants are converted2)What is the detailed way in which the reactants are converted
into products? This is not described by the chemical into products? This is not described by the chemical 
equation, which just accounts for mass balance.equation, which just accounts for mass balance.

3) Rate at which reaction proceeds and equilibrium is3) Rate at which reaction proceeds and equilibrium is
achieved, depends on the achieved, depends on the MechanismMechanism by which by which
reactants form products.reactants form products.

MechanismMechanism  ConceptConcept

Elementary Reactions:Elementary Reactions: these are hypothetical  these are hypothetical 
constructs, or our guess about how reactants are converted constructs, or our guess about how reactants are converted 
to products.to products.

The The Mechanism Mechanism is a is a setset of  of Elementary ReactionsElementary Reactions!!


