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[7] At 25°C, the equilibrium constant of 2 A(g) = 3 B(g) 1.5 X 10*%. Amounts

4.0 atm A and 2.0 atm B are combined in sealed, rigid container. The amount of
A at equilibrium will be ...
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* Approximating equilibration

e Equilibrium calculation examples

* Disturbing equilibrium

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

Next: Chapter 16: Solubility equilibria; Begin ch15: Acid-base equilibria
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Approximating equilibration

When the equilibrium constant is either very big or very small, the calculation
of equilibrium amounts is greatly simplified.
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Approximating equilibration

Whe , the equilibrium amounts will be mostly reactants. This means a
good starting point is to adjust the initial amounts so that the amount of
limiting product is 0.

The reason this is a good starting point is that the small amount of product that
must form to achieve equilibrium will change the amount of reactants
negligibly.
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Approximating equilibration
A(9) S B(g) +C(g) K=1x10"]
Initial 8 2
Revised Initial

Change

Equilibrium

BOSTON
UNIVERSITY

Copyright © 2021 Dan Dill dan@bu.edu

11

Approximating equilibration
A(g) 5B(g)+C(g) K=1x10"°

Initial 3 2

Revised Initial 4 1

Change —x +x
Equilibrium
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Approximating equilibration
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Approximating equilibration
A(g) 5 B(g)+C(g) K=1x10"°

Initial 3 2

Revised Initial 4 1

Change —x +x
Equilibrium 4—x~4 1+x=1
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Approximating equilibration Approximating equilibration 0 +¥) >¢)
M4 —K
A(g) S B(g)+C(g) K=1x10"° A(g) S B(g)+C(g) K=1x10"° (.
Initial 3 2 1 Initial 3 2 1
Revised Initial 4 1 0 Revised Initial 4 1 0
Change =5% +x +x Change +x +x
Equilibrium 4—x~4 1+x=~1 X Equilibrium 1+x=1 X
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[T'F] At 25°C, the equilibrium constant of 2 A(g) = 3 Bu() x 10, Yimounts
4.0 atm A and 2.0 atm B are combined in sealed, rigid contaimrer=Fc amount of
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Whén K > 1, th¢ equilibrium amounts will be mostly products. This means a @ at equilibrium will be .. = =
oint is to adjust the initial amounts so that the amount of 0% L <« 2 A 33 .
limiting reactant is 0. )
Imiting reactant 1S 0% —=~ 7 atm I . @
The reason this is a good starting point is that the small amount of reactant that 0% 3. ~4atm - RT
must be present to achieve equilibrium will change the amount of products 100% 4 ~ 8 atm C ZX 5
negligibly. = + -
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Approximating equilibration
2A(g) 5 3B(g) K =15x 10!
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Approximating equilibration
2A(g) 5 3B(g) K = 1.5 x 1011
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Initial 4.0 2.0
Revised Initial
Change
Equilibrium
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Approximating equilibration
2A(g) S 3B(g) K = 1.5 x 1012
Initial 4.0 2.0
Revised Initial 0 8.0
Change +2x —3x
Equilibrium
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Initial 4.0 2.0
Revised Initial 0 8.0
Change
Equilibrium
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Approximating equilibration
2A(g) 5 3B(g) K = 1.5 x 1011
Initial 4.0 2.0
Revised Initial 0 8.0
Change +2x —3x
Equilibrium 2x 8.0—-3x =80
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Approximating equilibration
2A(g) 5 3B(g)K =15 x 10!

Initial 4.0 2.0

Revised Initial 0 8.0

Change +2x —3x
Equilibrium 2x 8.0—-3x =80
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Practice: Problem 14.33

( 33. At 25°C, the equilibrium constant for the reaction
N, O, zNO

T o4l 087 oz

jo—
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= NJS) + O5(g) == 2 NO(g)

ppose a container is filled with nitrogen
........ lal pressure of 0.41 atm), oxygen (at an
initial partial pressure of 0.59 atm), and nitrogen oxide (at

1T 0.52 0.30 o
an initial partial pressure of 0.22 atm). Calculate the partial

C - X - X +2¥ pressures of all three gases after equilibrium is reached at

this temperature.
E 05-% 9B-X 2X

i ar i S /
-3

Yz Ao =

+
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Practlce Problem 14.25
€02

O,Clz
0?20 o c>
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25. Sulfuryl chloride (SO,Cly) is a colorless liquid that boils at
69°C. Above this temperature, the vapors dissociate into
+ sulfur dioxide and chlorine:

H

@ - X
F 0.%0 —X
O ")”p *' p%' 630~ K+X+)( his reaction is slow at 100°C, bur it is accelerated by the
37Laz "D?ZJ*X'\ presence of some FeCl; (which does not affect the final

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

position.of the equilibrium). In an experiment, 3.174 g of
L30=0. ?ZO-(-)( SOZCUC] and a small amount of solid FeCl; are put into an
_’( Z0 -0. '}2@ ted 1.000-L flask, which is then sealed and heated to
. The gz ¢ in the flask at that temperature is
e 0320-05E =a. B2 D)
K _'0 }7 v)( \/— ' oL~ (a) Calculate thre—p= ‘ Sressure of each of the three gases
170 = present.
3, [}L‘ (b) Calculate the equlllbrmm constant at this temperature.
7707 5158 %

, ek
4 PE(D; a2
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Practice: Problem 14.41

I
Nu3@> chk(& NW(33 41. The equilibrmm constant for the reaction
- .%o () UL H,(g) + HCl(g) == NH,Cl(s)
— —
ar 340°CRg @)
C + )( + )( - )< (a) If tof ammonia is P, = 0.80 ann;
and solid ammonium chloride is present, what'is the equi-
E a80+)( 7( cthar librium partial pressure of hydrogen chloride at 340°C?
(b) An excess of solid NH,Cl is added to a congatmre &
| with ammonia at 340°C and a pressurgZof 1.50 atm.
Calculate the pressures of NH;(g) and (HCl(g) reached

A = = — are o
K= P P J-} o &).%'I.'X)X at equilibrium.
Mg et T 150 O W

Y=o.t4 Cotx X X
P&\lg: 080+~ =19 & (gory X o
Pt~ Sy
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Disturbing equilibrium

Essential idea: A system at equilibrium responds to a disturbance by partially
offsetting the disturbance.
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Practice: Problem 1452 ~ A&Q >0 .
w0, =, Uz 52 At T = 100k

+— .20 o [ = SQu(e) + Clilg)
e - K +X X has an equilibrium constafg K
_ N (a)] Suppose the initial partia St SO,Cl, is 1.20 atm
E (o-¥ A X and Py, = P, = 0. Calculate the reaction quotient Q
x and state whether the reaction proceeds to the right or to

K:Z.f‘-l-’" —

the left as equilibrium is approached.

(b} L?‘ct ‘1!6 the rarna! precsures at quhbnum

0.32 088 og® = ©!

E e z
NC o.64 136 L3 } % wre)
c ¥ 4 -4

E oLl \Fy Hé-g—% -2z
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Q versus K is the key to spontaneity

If Q < K, product must form to get to equilibrium,
SO spontaneous

If Q > K, reactants must form to get to equilibrium,
so nonspontaneous Q

AG >0 > >\
The constant of proportionality turns otattff)e %( Q

AG =|RTIn(Q/K) = AH — TAS

=

This means AG is proportional to In(Q/K).

<< AG<03 %<\

37
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36
3. Calculate AG® and the equilibrium constant K at 25°C for
Effect of Ton K " eaion s Kadse
2 NH;(g) 2 NO,(g) + 3 H,O(g)
Al =i ]n(Q/K) =AH —TAS using data in Appendix D.
What is the expression for AG®° in terms of Q and K?
.= RT In(1/K) = AH® — TAS®
°
Example: 14.13 / -2 AH (NO,, g>+3AH—£ CH’zo/ 33 _.ZA'H N-It &)
el //As =25 °(m;g +3SThoQ)—25 (63 25@:‘5
a / =
— AS° J
KT _AGRT
0 L alk)=-MlK)=K= e
=
38
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Effect of Ton K %{DPL % A"wm‘mo() <o [TF] The plot shows how In(K) vs 1/T for A = B. The standard enthalpy change

MQ >0 of reaction, A H®, is
AG° € RT In(1/K) = AH® — TAS® .
sdibone
For values of T near 298 K, AH° and AS° are nearly constant. .

0
This means the graph of In(K) versus 1/T is nearly a straight line, Howe. = _@
with slope m = —AH°/R
0% 4. More information is required

and intercept b = AS°/R at 1/T é’E 0) &CK) 0%

——,44[ 5. Notsure
S’D
,éu[/q= —')SH +R MK3=“M:\-_—\-%
_ X +b “ v R b\ CEATC
g - " * A g "t 1of15 ) [T

1323 1273 @
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[TF] The plogskqws how In(K) vs 1/T for A = B. The standard entropy change [TF] The reactioanr 2N, H,(D) is at
of reactio @ is ... In(k) temperature range w e greatest amountofpreduets? Hint: Sketch
/- In(K) vs 1/T. oo Yo ke K a4 lasge 25 o
100% @ ‘F - ‘ v lov
0% 2. =0 82% ~2. Very high 20
0% 3. >0 o) i il 0% 3. e amount will be the same atall T
0% 4. More information is required o1 0% 4. More information needed
0% 5. Notsure v 18% 5. Notsure
~ 11& e —R |
o }A(K\ =+ 2 691136 P
T f—
E2TEn 11 of 15 0 Sey 11 of 15 0
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Practice: Problem 14.61
A ,@L(K,) )@tCK

—
B O - RIS,
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assuming that AH and AS of the reaction are constant over

the tempemtur—e_;ange from 23 C to 200°C.
g ( 7 [ <0

ASXO

Al =- '
/4’ /[' FAL ‘ 72 e

W 61. The equilibrium constant 31‘2_’5:(: for the reaction
I 2 NOy(g) = NaOulg)
0 he equilibrium constant @
A-H' _ /&k K /K Calculate the enthalpy change (AH) for t o,

/
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