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[TF] What happens to In(k) as T increases to infinity?
25% 1. In(k)=0
25% 2. In(k)=1
25% 3. In(k) = o0
4

25% In(k) = something else
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« Complete: Rate versus temperature: E, and 4.
* Evaluation: bu.campuslabs.com/courseeval

e Equilibrium versus temperature
 First law, second law, equilibrium, and kinetics
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Rate versus temperature

Arrhenius relation: k = A exp[—E,/(RT)]
E, is activation energy

Ais frequency factor

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

In(k) = — %% +In(4)

s~
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In(k) = (~E,/R) (1/T) + In(A)

Sketch In(k) versus 1/T for an arbitrary reaction.
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In(k) = (~E/R) (1/T) + In(A) In(k) = (~E./R) (1/T) + In(A)
Sketch In(k) versus 1/T for an arbitrary reaction. An example to try:
Slope = —E,/R In(A) ky = 43.0 x 1073/min, T; = 45°C
Intercept (at T = ) =In(4) In(ky) k, = 3.38 X 1075/min at T, = 25 °C

n(Ky

slope — —12.1 X 103 K
In(kz) E, — —slope R = +100. k] /mol
1/ T,
BOSTON
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Online course evaluation
* bu.campuslabs.com/courseeval Equilibrium versus temperature

* Use BU login and Kerberos password

* Anonymous and seen by instructors only after grades submitted
* Comments in text fields especially valued and encouraged.

* Please try to answer all questions

* When done, please close your browser
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slope = —E,/R =

In(k) = (-E,/R) (1/T) + In(A)
For A — B, k¢, is 0.003/min at 25 °C and 0.025/min at 35 °C.
slope = —E, /R = 2kaz)Tntka)) _ 1900
a

1/T-1/Ty

1/T,=1/Ty
In(k)

The larger E,, the greater the
temperature dependence.

-3.30
-3.74

-5.81

For C — D, ko is 0.003/min at 25 °C and 0.035/min at 35 °C.
In(kcz)—In(kci) = —23000K

1/308 1/298

[TF] The forward activation energy of an exothermic reaction must be ...

25% 1. smaller than its reverse activation energy
25% 2. the same as its reverse activation energy
25% 3. larger than its reverse activation energy
25% 4. More information needed

0%
0%
0%
0%

IR
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[17] The forward activation energy of an exothermic reaction is smaller than its
reverse activation energy. This means that, compared to kyey, k¢or for an
exothermic reaction increases with temperature ...

more slowly

by the same amount
more rapidly

More information needed
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[T7] We know all rate constants, k, increase with increased temperature. We
also know equilibrium constants are related to rate constants as the ratio

K = K¢or/krey- This means that as temperature increases the equilibrium
constant K will ...

0% 1. increase

0% 2. notchange

0% 3. decrease

0% 4. More information needed
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[TF] We know all rate constants, k, increase with increased temperature. We [TF] The forward activation energy of an endothermic reaction must be ...
also know equilibrium constants are related to rate constants as the ratio 0 i L
K = kgor/krey- For exothermic reactions, k¢, increases with temperature more 25% 1. smaller than its reverse activation energy
slowly than k.., since the forward activation energy is smaller than the reverse 25% 2. thesame as its reverse activation energy
activation energy. This means that as temperature increases the equilibrium 25% 3. larger than its reverse activation energy
constant, K, of an exothermic reaction will ... 259% 4. More information needed
25% 1. increase
25% 2. notchange
25% 3. decrease
25% 4. More information needed
Response
Counter
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[17] We know all rate constants, k, increase with increased temperature. We
also know equilibrium constants are related to rate constants as the ratio

K = kgor/krey- For endothermic reactions, kg, increases with temperature
more rapidly than k..y, since the forward activation energy is larger. This
means that as temperature increases the equilibrium constant, K, of an
endothermic reaction will ...

Putting it all together:
First law, second law, equilibrium, and kinetics

25% 1. increase

25% 2. notchange

25% 3. decrease

25% 4. More information needed

Response
Counter
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[1F] What happens to In(k) as T increases to infinity?
AH°\1 AS° E\ 1
2 0 =
In(k) = —( = )7+ % In(k) = — (ﬁ)? +In(A) 0% 1. In(k)=0
0% 2. In(k)=1
In(k) In(A) 0% 3. ln(k) =
Incky) 0% 4 In(k) = something else
/ i o tntk2)
T T,
K = kfor
kyey -
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[7F] What happens to In(K) as T increases to infinity?

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

Rate constant: In(k) = — (%) % + In(4), ... 0% 2. InK)=1
. 0% 3. In(K)=o0
So, at high T, In(k In(A4 .
o, atvery 1'e n(k) = In(4) 0% 4 In(K) = something else

Response
[z=]
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First law, second law, equilibrium, and kinetics
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First law, second law, equilibrium, and kinetics
Rate constant: In(k) = — () 2+ In(4), ... Rate constant: In(k) = — (%) 2+ 1In(4), ..

so, at very high T, In(k) — In(4) so, at very high T, In(k) — In(4)
Equilibrium constant: In(k) = — (AT”)% & Equilibrium constant: In(k) = — (AT”)% .

so, at very high T, In(K) — % so, at very high T, In(K) — %
Since K = kg, /k,.,, we see that at very high T ...

What's the connection?
ln(K) = ln(Afor/Arev)
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First law, second law, equilibrium, and kinetics
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First law, second law, equilibrium, and kinetics
Kfor

Ji 180 = = Jy i (22 = n (2) Ji 0 = = iy i (22 = n (1)

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

First, at very high T, K only depends on AS°® = AS®ys.
Why is this?
It is because at very high T, heat flow can no longer change entropy of the

surroundings,

AHosys  AHoys 0

lim AS,,, = —lim
T—oo T-co T )
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q ATA q . [ ] We've established that as T increases to infinity,
First law, second law, equilibrium, and kinetics 1 (kgor) _ 1 (Aror
In(K) =In(—%) =In(-—"*
] A krev Arev
lim In(K) =2 = lim In (ﬂ) =T (ﬂ) Therefore at T = oo, the equilibrium constant must depend on the ...
T—o0 R T—c0 krey Arep
What is the significance of this result? 0% 1. entropy change of the surroundings
Second, since the entropy change of the system can be expressed as 0% 2.  entropy change of the system
o .
85 _ | (Worodues 0% 3. enthalpy change of the surroundings
T = "\ Werotonts 0% 4. enthalpy change of the system
0,
at very high T, the ratio of the Arrhenius factors is related to the ratio of the Wk 5 (D) ame () erie st
number arrangements or reactants and products, 0% 6. (2)and (4) are correct
o 0% 7. Further information needed
w, A
lim In(K) =2 = In (SRrotuets) gy (200)
T—oo R Wreactants Arev
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