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First Order Processes

in words:  rate of   loss or growth of A is directly proportional to A

These INCREDIBLY IMPORTANT types of processes include: 
growth of living objects, e.g., humans, decline of populations,
growth and decay of bank accounts and investments, etc.
EXPONENTIAL decay or growth (which has same math except for sign)

unitsany in  becan  N      where  rate kN
dt
dN
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N
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or, if we divide both sides by N and multiply by dt (which changes nothing)

in words this says: fractional change is
directly proportional to time

WHY?
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Given any 2 of k, t, or f,  find the 3rd
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exponential increase instead of decrease

f=2
tdouble = ln(2)/k  = -ln0.5/k  =   half life 

half life: f =0.5 = exp(-kt1/2) 
ln (0.5)  =        -kt1/2

-ln(0.5)/k =       t1/2

tf = -ln(f)/k = time for Nt2/Nt1 to = f
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Doubling time
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“lifetime”, “relaxation time”, “time constant”, etc.
This when the fraction f=1/e
τ = -ln(1/e)/k  = ln(e)/k  = 1/k  “life time” 
The average lifetime is 1/k , the 1/e time, not t1/2

half life: f =0.5 = exp(-kt1/2) 
ln (0.5)  =        -kt1/2

-ln(0.5)/k =       t1/2

tf = -ln(f)/k = time for Nt2/Nt1 to = f
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Sedimentation Coefficient

when something starts falling in air, 
it approaches terminal velocity exponentially

wind resistance is force opposite velocity 
mass x acceleration = force = mg- velocity x frictional coef
m dv/dt= mg -vf

dv/dt= -(f/m)v + g = -(1/s) v + g
v=vt(1- e-t/s)  , 

so s = sedimentation coef. is the 1/e time to reach terminal 
velocity 
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usually assume   t1=0

The test for 1st order
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A mechanism predicts a rate law, but

A rate law CANNOT be deduced from a STOICHIOMETRIC
Equation.   This is abundantly clear from the table below.
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But, experimentally 
observed order does not 
Imply molecularity
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What about really fast, violent reactions, i.e., 
EXPLOSIONS?

Chain reaction mechanism (typical of explosions):

H-H is weaker bond
than O=O
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Perpetual 
Motion!
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Arrhenius was a student of Boltzmann Boltzmann distribution

Exactly the form as Van’t Hoff
when applied to equilibrium constants! 
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Why???



Can confidently ESTIMATE upper limit of a rate:
Suppose you read that a reaction rate for 
A + B  C has a rate = 1 x 107 M per second
when both [A] and [B] = 0.01 M, and it is claimed that 
the reaction must be diffusion controlled because it is 
so fast.
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Therefore the claim was FALSE!   The rate constant would be 
impossibly fast unless H+ is involved because:

1x107 =1 x 1011 x 0.01 x 0.01
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