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[T7] For the reaction 2 A + B — 2 C, at a certain time the value of its reaction

quotient is @ = 7. This means the value of the equilibrium constant for the
reaction is ...

16% 1. <7

40% 2. 7

23% 3. >7

21% 4. Further information needed
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* Predicting direction of change

* Calculate equilibration using an ICE table

e Equilibrium calculation examples

 Effect of temperature on equilibrium: AG = RT In(Q/K) = AH — TAS

Final lecture: Complete: Effect of temperature on equilibrium; Course
evaluation; Ch15: Acid-base equilibria
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Predicting direction of change
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[1F] For the reaction 2 A + B — 2 C, at a certain time the value of its reaction
quotient is Q = 7. This means the value of the equilibrium constant for the
reaction is .02
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139 1. <7
40% 2. 7
271% 3. >7

19% 4. Further information needed
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29% 2. 10
6% 3. Further information needed
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[TF] The value of the equilibrium constant for the gas-phase reaction
<2 A+B— Cis|K = 10.

At a certain time, the partial pressures are A, B and C are, respectively, 1 bar, 1
bar and 2 bar. The value of theJreaction quotientis Q = ... —

m\cdf = lo
CK1IB), -

Q <K
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[TF] The value of the equilibrium constant for the gas-phase reaction
2A+B-Cisk =10

At a certain time, the partial pressures are A, B and C are, respectively, 0.2 bar,

1 bar and 4 bar. The value of the reaction quotientis Q = ... -

L}' L‘L = |00
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3% 1. 0.04
15% 2. 4 &
16% 3. 10

2% 5. None of the these
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[TF] The value of the equilibrium constant for the gas-phase reaction

2A+B—>CisK =10.
At a certain time, the partial pressures are A, B and C are such that the value of
the reaction quotient is Q = 100. As time passes, the value of Q will ...
>
17% 1. increase Q K k‘d_s Jr
26% 2. stay the same & = Ww] f
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[1F] The value of the equilibrium constant for the gas-phase reaction
2A+B—>CisK =10.
At a certain time, the partialpressures are &E and 9 are such that the value of
the reaction quotient 'time passes, the value of Q will ...
G > |Gk M o
17% Z—stay-thesame LA/WGSM“ITE
3% 3. decrease ‘_Q’%UI[&WMM(
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Calculate equilibration using an ICE table

When the equilibrium constant is nei ﬁ,ve@ bj@’ \@y small, the calculation
of equilibrium amounts must be done exactly. CCle

K:— 3 = CP—PC{G Cg&j

N P
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Calculate equilibration using an ICE table

A(g9) S B(g) +C(g) K =5.0,¢ = 0.67, too little product

Initial 3.0 2.0 1.0
Change —X +x +x
Equilibrium

12/8/2020 9:32 AM

Calculate equilibration using an ICE table
3
%y)‘——,]}’(g)+gg) K=5.0

Initial 3.0 2.0 10
Change — 2% + % +3X
Equilibrium %0 ; 2% Z +¥X 1.0 +3X

) .0
5 %‘ - 50K,
(z+¥ (1.0 £3%) JJ
K:— 50 = Cs.ovi“wz
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Calculate equilibration using an ICE table

A(g) 5 B(g)+C(g) K=50M,Q = K, equilibrium

Initial 3.0 2.0 1.0
Change —x +x +x
Equilibrium 3.0—x 2.0+x 1.0+ x

K = [BI[C] _ (2.0+x)(1.0+x)

[A] (3.0—x)
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Calculate equilibration using an ICE table

A(g) 5 B(g) +C(g) K =5.0,Q = K, equilibrium

Initial 3.0 2.0 1.0
Change —x +x +x
Equilibrium 1.6 3.4 2.4

[BIC] _ (2.0+x)(1.0+x)

Al - @) x=14

K =
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Practice: Problem 14.25 Q= ot _ - 2.=0
5010‘20’5 sow d;‘sx Q 25 | chloride (SO,Cly) is

colorless liquid that boils at
%bc\e grature, the vapors dissociate into
1_ Vi O}ZO O sultur dioxide and cht
C =X B ‘%
E odwo-¥ 3«/
Pallpucsne = 0-F20~K e ?m
=0 7/2’0 +>(__f (30

=1.30-0.720
A 58

S0O,Cly(g) == SOs(g) + Clg)

This reaction 15 § elerated by the
presence of some FcCl (which does not affect the final
posltlc of the equilibrium). In an experiment, 3.174 g of

@ a-smallasount of solid FeCl; are put into an
R l 000 L flask, yvhich is then sealed and heated to
stalpressire in the flask ar that temperature is

acua
100°¢
ound to be 1.30 atm.
.30 g
(a) Calculate the partial pressure of each of the three gases
present.
(b) Calculate the equilibrium constant at this temperature.

i, U
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Practice: Problem 14.33

33. At 25°C, the equilibrium constant for the reaction
(g) + Oz(g) ==[HNO(g)

m ose a container is flled with nits

T an—sinabpartial pressure of 0.41 atm), oxygen (at an
partial pressure of 0.59 atm), and nitrogen oxide (at
zn initial partial pressure of atm). Calculate the partial
pressures of all three gases after equilibrium is reached at

this temperature.
. 0, NO
T o4l 659 022

Rf& o440 p.5t40L C\z
:D 52 0.7

C —¥ ¥
E oﬂ@ :g":g

No 52

padig

Lecture 21 CH131 Fall 2020

Practice: Problem 14.41 Q=

wCl
T (o80/ ©O
¢tk

¥
= g %) e (

(80 O cSom =40
PPV S K= (Qsoﬂ)&h
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by
a 41. The equilibrium constant for the reag

T
AP
NH(g) =@
t 340°CA K
the parm press nia

and solid gifimonium ch Dl‘ldE i
librium pa of hydrogen chlonda at 340"(}

) An excess of solid NH.Cl is added to a contai iled
with ammonia at 340°C and a pressure o
Calculate the pressures of NH;(g) and HCl(g]) Feached

at equilibrium.

m H \;\
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13. Calculate AG® and the equilibrium constant K at 25°C for
—_—

Q versus Kis the key to spontaneity Effect of T on K the reaction
O) 2 NHi(g) + Z0ue) = 2 NOy(g) + 3 HuO(g) (|

If Q < K, product must form to get to equilibrium, % L\ )/& (“\ < AG = RT In(Q/K) = AH — TAS using datafé Appendix D.

\)‘ What is the expression for AG® in terms of Q ant-&=2
&y AGXO P o Gl Ry =l el
k.

If Q > K, reactants must form to get to equilibrium, AG° = RT In(1/K) = AH® — TAS® 2

So nonspontaneous /@Q} \ > © Example: 14.13 ° o
This means AG is pro&rtional to In(Q/K). K, G}) O ple: —&LK _ ’Aﬂ% _ éé .A‘H’o
- - T 0
P, Ag” |
=

The constant of proportionality turns out to be RT: AW
~ (- el

AG = RT In(Q/K) = AH — TS
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[TF] The plot shows ho 1/T for A = B. The standard free energy
Effect of Ton K change of reaction, A.G, atToom temperature is ...
86° = KDInc1 /) (8 s=)
For values of T near 298 K, AH® and AS°® are nearly constant. @ KCTS
2 S .
This means the graph of In(K) versus 1/T is nearly a straight line, 20%
; _ ° 36% 3. >0
with slope m = —AH°/R
1% 4. More information is required
and intercept b = AS°/R at 1/ { y
K o < T |
Al WK = 2L A5 @y e (D)
{
|
N RTJ&LC/KB L¥i40z
= -RT MoK ) («sto '
M(——- 2| (138 of 190 0
41 42

Copyright © 2020 Dan Dill dan@bu.edu



Lecture 21 CH131 Fall 2020 12/8/2020 9:32 AM

ure 21 CH131 Fall 2020

[T+] The plot shows how In(K) vs 1/T for A = B. The standard enthalpy change

of reaction, A H®, is ... 6[@% >O

56% 1. <0 -
14% 2. =0 . .
27% 3. >0 202

3% 4. More information is required

: A60 pE 1323 1/298 1/273
(K = —(r* < <
Hou>0 | Lo
Boon (e

- eha
A S BT ) = - ki) (144 0f 190) - o |
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