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Lecture 15 CH131 Summer 1 [17] The reaction N,(g) + 2 H,(g) = 2 N,H,(1) is endothermic. What
Tuesday, June 18, 2019 temperature range will result in the greatest amount of products? Hint: Sketch

In(K) vs 1/T.
* Complete: Effect of temperature on equilibrium

* Predicting direction of change 0% 1. VerylowT

* (@ algebra: Q (and so K) depends on how a reaction is written 100%

* Disturbing equilibrium (Le Chatelier) 0% 3. The amount will be the same atall T
Begin ch 15: Acid-base equilibria 0% 4. More information needed

* The pH of water
* Weak acids and strong acids

Next lecture: Pure strong acid. Pure weak acid. Partially neutralized
weak acid. Exactly neutralized weak acid. Neutralized weak acid with
excess base. Practice with titration.
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[Ouiz] The reactio‘ex(éhe_r_mic. What temperature
range will result in the greatestammount of products? Hint: Sketch In(K) vs 1/T.
AS >0
92% 1. VerylowT 9,(,?‘ =~ &\'
8% 2. VeryhighT
0% 3. The amount will be the same atall T

0% 4. More information needed

Predicting direction of change
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[ 1] For the reaction [TF] The value of the equilibrjum constant for the gas-phase reaction
2A+B—C '

2A+B—>2C
At a certain time the partial pressures are A, B and C are, respectively, 1 bar, 1

at a certain time the value of its reaction quotient is is means the
value of the equilibrium constant for the reaction is ... bar and 2 bar. The value of the reaction quotientis Q = ...

0% 1. <7 Q‘Cum -z .5
8% 2. 7 50/ = A Btz (1NT |
25% 3. >7 . . )
. . 8% 3. Further information needed
G r information needed
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[ ] The value of the eguilibium constant for the gas-phase reaction [1F] The value of the equilibrium constant for the gas-phase reaction
2A+B - Cifg =10 2A+B—Cisk = 10.
At a certain time the partial pressures are A, B and C are, respectively, 0.2 bar,

At a certain time the partial pressures are A, B and C are, respectively, 1 bar, 1
bar and 2 bar. Under these conditions, the value of the equilibrium constant is
K=..

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

0% 1. 0.04
0% 2. 4

15% 1. 2

4. 100
5. None of the these

00%

8% 3. Further information needed
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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 value of the reaction quotient is Q = 6. As time passes,

the value of Q will ...
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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 ... -
100%(_1. increase

ok, yaduel”
0% 1. increase Q>)( lﬁ@w;a% 0% 2. staythe same

9% 2. stay the same Iuder A% ué&d’ 0% 3. decrease
ooy |
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Q depends on how a reaction is written

At a certain time, the value of the reaction quotient for the reaction
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The value of Q (and so k) depends on how a chemical reaction is written.
2A+B=2C

is Q, = 4.0.
At the same time, what would be the value of Qbe for the reaction
4A+2B=4C?
Q.= (©*/((A)'®)) = (;§= 16

Copyright © 2019 Dan Dill dan@bu.edu
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Q depends on how a reaction is written

At a certain time, the value of the reaction quotient for the reaction
2A+B=2C

is Q; = 4.0.

At the same time, what would be the value of Qbe for the reaction
2C=2A+B?
Q.= (A)?*(B)/(0)?*=1/Q, =025
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Q depends on how a reaction is written

At a certain time, here are the values of the reaction quotients for two different

reactions,
2A=B, Qs=(B)/(A)?=2
C=3D, Q4

At the same time, what would be the value of Qbe for the reaction
2A+C= B +3D?
Q‘)(D)3/((A)2(C)) Q5% Q=10

BOSTON
UNIVERSITY
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[T7] The value of the equilibrium constant for the reaction

A+B=C
@ he value of the equilibrium constant for the reaction
6A+3B=3C C

is ... =\0 = ’z’%
0% 1, K L())s &
23% ¢ % ) Z CC'
ufE

0% 5. None of the above
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[1F] The value of the equilibrium constant for the reaction

2A+B=C
is K = 10. The value of the equilibrium constant for the reaction

2C=4A+2B
is ... ( _ 0 :O ol
0% 1. —-10 e == ©
8% 2. 0.
T
0% 4. —0.001
0% 5. None of the above
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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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[ alue-af the equilibrium constant for the reaction
and that for the reactjon
The value of the equilibrium constant for the reaction
2A=DisK;=..
3 n> g 4
0% 1. 2 =D Khe=%
0% 2. 4 ZA‘»D ANZ =S
15% 3.
None of the above
Copyright © 2019 Dan Dill dan@bu.edu
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[T7] The reaction 3 A(aq) = 2 B(aq) is at equilibrium, with
[A], =0.10 M and [B], = 2.0 M and so A= 4000.
Then 0.05 M of A is added.

At the moment of this change, the value of [A] will be ...

0% 1. 0.05M 3N 2B Q@ )
o% 2 olom  E¥ETe o0 ZO SO K
€ 3. 115D ¢ w02 2 5

100 I a6 20 (29
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[TF] The reaction 3 A(aq) = 2 B(aq) is at equilibrium, with
[A], = 0.10 M and [B], = 2.0 M and so A'= 4000.

Then 0.05 M of A is added.
At the moment of this change, the value of Qwill be ...

15% 1. >4000
8% 2. =4000
7% 3. <4000

Copyright © 2019 Dan Dill dan@bu.edu
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] The reaction 3 A(aq) = 2 B(aq) is at equilibrium, with
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[TF] The reaction 3 A(aq) = 2 B(aq) is at equilibrium, with [
[A]. = 0.10 M and [B], = 2.0 M and so A'= 4000. [A]l.=0.10 M and [B], = 2.0 M and so A'= 4000.
Then 0.05 M of A is added. Then 0.05 M of A is added.
After the system is once again at equilibrium, [A], must be ...

At the moment of this change, the system will ...

100% 1. have too much reactant
0% 2. still be at equilibrium 0% 1. <010M
0% 3. have too much product 0% 2. =010M
100%
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[ ] The reaction 3 A(aq) = 2 B(aq) is at equilibrium, with . c —_—
[A]. = 0.10 M and [B], = 2.0 M and so K= 4000. Disturbing equilibrium
Essential idea: A system at equilibrium responds to a disturbance by partially

Then 0.05 M of A is added.
After the system is once again at equilibrium, [B], must be ...

o 1 G200
l/ﬂ'% 2. E20MD
o190 _>20)

offsetting the disturbance.

This behavior is called Le Chatelier’s principle.
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Practice: Problem 14.49

#DA=CogsRy  Q
ot 155 685 Z05<K

o.60-X ! 0-&5tX

‘_E o ¥t LI 1== 33

C +X 0 -x =%
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49. The equilibrium constant for the “water gas™ reaction
Cls) + HoO(g) == CO(g) + Ha(g)

1 is J[ a temperature of 1000 K. Calculate the
e reaction quotient O for each of the following conditions,
= and state which direction the reaction shifts in coming to

equilibrium.
K"Z.é-’ L 52;’*_&\('0;%-»’\\ (a) Bio = 0.600 atm; Pop = 1.525 atm; P,

T Pio = 0.724 atm; Peo = 1.714 atm; Py,

Q- TP /Tuo

6/18/2019 12:33 PM

= 0.805 atm
= 1.383 atm

WeE o
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Practice: Problem 14.52

52. At T = 100°C the reaction

Copyright © 2019 Dan Dill dan@bu.edu

2 L
£ S0,Cly(g) ==_S0;,(g) + Clylg)

has an equilibrium consla
(a) Suppose the initial partiaT pressure st $O,Cl, is 1.20 atm,

and Py, = P, = 0. Calculate the reaction quotient Q
0~ ¥ and state whether the reaction proceeds to the right or to
l )(' Z Dé% the left as equilibrium is approached.

0.3% 5'88 : (b) Calculate the partial pressures at equilibrium.
Z’&O&E 20-22 2 *0-83 @k (c) If the volume of the system is then decreased, will there
>{ %, _)( be net formation or net dissociation of $O,Cl,?
+ —

o0 sa ¢ &
.20 o) (o) KK
- X 4
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Begin ch15:
Acid-base equilibria in aqueous solutions
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The pH of water

Copyright © 2019 Dan Dill dan@bu.edu

Write down the chemical equilibrium that accounts for the pH of water.

H,0() + H,0(l) = H;0%(aq) + OH (aq)
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The pH of water

Pure water at 50 °C is measured to have a pH of 6.63.
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The pH of water

Write down the reaction quotient for the water autoionization equilibrium.

Q= [H;0*][0OH"] Write down the value of [H;0+] at 50 °C.

[H,0] = 10662 =234 x 107 [Ples/ LB

BOSTON
UNIVERSITY

BOSTON
UNIVERSITY
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The pH of water

Pure water at 50 °C is measured to have a pH of 6.63.
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The pH of water

Pure water at 50 °C is measured to have a pH of 6.63.
Write down the value of the reaction quotient of the water autoionization at

Write down the value of [OH~] at 50 °C.
[OH-] = [H,0*] = 10-663 = 2,34 x 107 equilibrium at at 50 °C.
Q.= K, =[H;0%] [OH"] = (10763 )2 =548 x 1014
P P —
= 9 -

o (e + ol = HSO*(ﬂg)ﬂ'O‘ﬁ;Zﬁ)

50t -
% 0%
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[TF] Pure water at 50 °C is measured to have a pH of 6.63. This means that at
50 °C water is ...

58% 1. acidic
17% 3. basic

Cuzo-1 =Con™ ]

BOSTON
UNIVERSITY
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[1F] Pure water at 10 °C has
[H;0*] =5.39 x 108,

This means that at 10 °C water is ...

0% 1. acidi HLDY%M@EM@(J‘ S0
s6C. 254%'?

°C o05% _
zDS’ c /dw’j] M=>3é’x"@f

O% 2. neutral
10% 3. basic

BOSTON
UNIVERSITY
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[ ] The pH of pure water is different at different temperatures. This means
that as teatperature changes ...

23% >< the relative amount of H;0*(ag) and OH~(agq) in /

¢
pure water change N S NS
0%\>§( AT 2R

A\ the acidity of pure water changes [ <
145% 3. the value of the equilibriu
31% 4. All‘oﬁ(

e above
0% 5. None of the above

¥+ = _
vl + bRy == He0t B -0t (3)

M e £ig,= (0758 X0
e K- Qo—?m (&
z
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Weak acids and strong acids
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What is an acid?

An acid makes [H;07] > [OH"]

BOSTON
UNIVERSITY
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Strong acid equilibrium 2<°c

¢,=0.1M,K, =1 x 105, [H;0*] = 0.1 M, % Yield?
—_— L’_hJ

HA+ o0 = +lso +57 @
T ol o K= 0
E ”O NG«\ 2’(‘3-1 =

o arl a1 O — o= 0%

Latkh /\l:)( Je yidd = g (et
! @—MA@&

H'ZE?R\FMG(B %0*@63% ow

| (M0 1> Cot 7
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Weak acid equilibrium

¢ =01MK,=1x 1075, [H;0*] = 0.001 M, % Yield?
= —_— =

e Hk 4+ a0 = ol & A~
T ol et o
£ o-\-oo! oml o.00\
A
et B0l LR
% yidd <87 s 0';
=\ /s
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