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Rate versus temperature: £, and 4

Lecture 38 CH102 A1 (MWF 9:05 am)
Wednesday, May 3, 2017

Putting it all together: First law, second law, equilibrium, and
kinetics.
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Rate versus temperature: £, and 4
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[T7] When T is increased, the rate of every chemical reaction must...
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[TF] Rate constants depend on T as k= Aexp(-£,/ (RT))
The value of k atT = 0 is ...
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Kinetic energy -
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[ ] Rate constants depend on 7'as k= Aexp(-£,/ (RT))
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Rate versus temperature

Arrhenius relation: k = A exp[—£, / (RT)]

E, is activation energy
A is frequency factor 4

How could we use data for k versus T to get £, and A?

In(k) = (=£,/R) (1/T) + In(4)
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In(k) = (-E./R) (1/T) + In(A)

Sketch In(k) versus 1/T for a arbitrary reaction.

Copyright © 2017 Dan Dill dan@bu.edu

Copyright © 2017 Dan Dill dan@bu.edu

Lecture 38 CH102 A1 (MWF 9 am) Spring 2017

In(k) = (-E/R) (1/T) + In(A)

Slope = —E,/R

Intercept (at T = o) =In(4) In(A)f

In[k;]i—

|P‘I[‘kz]§'

Copyright © 2017 Dan Dill dan@bu.edu

T 1T,




Lecture 38 CH102 A1 (MWF 9 am) Spring 2017

5/3/2017 2:32 PM

25%
25%
25%
25%

R

Lecture 38 CH102 A1 (MWF 9 am) Spring 2017
[TF] For A — B, 4, is 0.003/min at 25 °C and 0.025/min at 35 °C.

For C— D, &, is 0.003/min at 25 °C and 0.035/min at 35 °C.

Compared to the activation energy of A — B, the activation energy of C — D is ...

smaller

the same

larger

More information needed
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In(k) = (~E/R) (1/T) + In(A)
For A — B, &, is 0.003/min at 25 °C and 0.025/min at 35 °C.

slope = —£,/R= (In(ky,) = In(k,1) ) /(1/T, = 1/ T;) = ~19000
For C— D, k. is 0.003/min at 25 °C and 0.035/min at 35 °C.

slope = —£,/R= (In(k;;) —In(k,)) /(1/T, — 1/ Ty) = —23000
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Putting it all together:
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First law, second law, equilibrium, and kinetics
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[TF] What happens to In(k) as T increases to infinity?
25% 1. In(k)=0
25% 2. Intk)=1
25% 3. In(k)=co
25% 4 In(k) = something else
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[1F] What happens to In(K) as T increases to infinity?

First law, second law, equilibrium, and kinetics
25% 1. In(K)=0

Rate constant: In(k) = —(E;/R)(1/T) + In(4), ... 25% 2 In(k) = 1
So, at very high T, In(k) — In(4) 25% 3. In(K)=o
25% 4 In(K) = something else
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First law, second law, equilibrium, and kinetics First law, second law, equilibrium, and kinetics
Rate constant: In(k) = —(E,/R)(1/T) + In(4), ... Rate constant: In(k) = —(E,/R)(1/T) + In(4), ...
so, at very high T, In(k) — In(4) so, at very high T, In(k) — In(4)
Equilibrium constant: In(K) = —(AH°/R)(1/T) + AS°/R, ... Equilibrium constant: In(K) = —(AH°/R)(1/T) + AS°/R, ...
so, atvery high T, In(K) — AS°/R so, at very high T, In(K) — AS°/R
What's the connection? Since K = kg, /k,.,, we see that at very high T, ...

In(K) — In(Agor/Arev)
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First law, second law, equilibrium, and kinetics First law, second law, equilibrium, and kinetics
Ji 100 =2 = iy 1n(22) = 1 (4 Yy 1060 =2 — i 1n (£) =10 (1)

What is the significance of this result? What is the significance of this result?

Second, since the entropy change of the system can be expressed as

AS° 1 Wproducts
==1In (—p
R R

First, at very high T, K only depends on AS® = AS®g.

This is because at very high T, heat flow can no longer change entropy of the

Wreactants

surroundings,
Msys  AHogys at very high T, the ratio of the Arrhenius factors is related to the ratio of the
ASgr=— T T e 0 number arrangements or reactants and products,
. As® w, A
lim In(K) ==~ =2 In (M) =1In (ﬂ)
T—oo R R Wreactants Arev
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First law, second law, equilibrium, and kinetics AH® =E_, — E; oy
Rate constant: In(k) = —(E,/R)(1/T) + In(4) A
Activated complex
Equilibrium constant: In(K) = —(AH°/R)(1/T) + AS°/R B ey & s

What about when T is not very high?

What's the connection between enthalpy change and activation energies? - E,(reverse)
D |E, (f d
K = k¢ /k., and so ... ] aforvan)
[
S (e S e S S (o) ol | R OO
In(K) = T In (krev = = T+ln o
and therefore, ... 0y S [

AH® = Ej;for — Earev
Progress of reaction
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Everything all together ...
In(k) = —(E;/R)(1/T) + In(A)
In(K) = —(AH°/R)(1/T) + AS°/R

R R T

Krev

As°=R1n ()

Arev

AH® = Ea,for - Ea,rev

In(K) = =201 4 85 = (R2r) = Bator Baren Ly
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First law, second law, equilibrium, and kinetics
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