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Lecture 15 CH131 Summer 1
Tuesday, June 23, 2020

The value of Q (and so K) depends on how a chemical reaction is written.

Q algebra: Q (and so K) depends on how a reaction is written P — N
* Disturbing equilibrium (Le Chatelier) { CH,,\ (9 4z Oz( : C@?ﬂHzO (Q

Begin ch 15: Acid-base equilibria
* The pH of water
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Q depends on how a reaction is written Q depends on how a reaction is written
At a certain time, the value of the reaction quotient for the reaction At a certain time, the value of the reaction quotient for the reaction
A
2A+B=2C 2A+B=2C Q @
= N7
is Q, = 4.0. isQ, = 4.0. ) @
At the same time, what would be the value of Qbe for the reaction At the same time, what would be the value of Q be for the reaction
4A+2B=4C? MZC#ZA+B? Q.= CM@
4 4(B)2 2 2 2 1 (,(/\7/
=(OY(A)*B)*H =@)*=16 =(A)*(B)/(C)*=1/Q,=0.25
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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=2B, Q;=(B)/(A)?=2
C=3D, Qs=(D)*/(O)=5
At the same time, what would be the value ofKQé for the reaction
2A+C=B+3D?
Q7= (B)(D)*/((A)*(O) = Qs xQs=10
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[TF] The value of the equilibrium constant for the reaction
—CISK =4 Lf‘l“ ’2 ZJ\ r€/ K 4

and that for the reaction K 0.
@clsKZ_OS.é/ /Q/ > Ve

The value of the equilibrium constant for the reaction 2 _P(‘-S (_KBC
<z

DisK;=..

19% 1. 2

% =
0% 2. 4 K*lJZ’) 4278
139% 6 ! 2+ Kz
69%

5. None of the above
053493

16 of 20 E

10

Lecture 15 CH131 Summer 1 2020

Disturbing equilibrium

Essential idea: A system at equilibrium responds to a disturbance by partially
offsetting the disturbance.
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Disturbing equilibrium
Essential idea: A system at equilibrium responds to a disturbance by partially
offsetting the disturbance.
This behavior is called Le Chatelier’s principle. “
20
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Practice: Problem 14.52 Qo < P24«

SC%CAZ = Soz + C\2 &5ereaction
S0,C!

T .20 0 @) @) 2Cla(g) == SOs(g) + Cly(g)

has an equilibrium const€nr K = 2.4, ?
c - )4 Y % R (a) Suppose the initial partial pressure of SO,Cl, is 1.20 atm,

,E .20 - e X VA 4’ and Po, = Pg, = 0. Calculate the reaction cm Q
7(Z and state whether the reaction proceeds to the right or to
- c0.83 the left as eqmllbrmm is approached.
4= L ~=’> 7( 0. ) Calculae \. qum.
L2077, = g GRT is G ecreised, will there
g), 0.%8 o0 - ' be het forma et-dissociation of SO,Cly?

vaavz 7—»7?
C + % -9 Q = %-,(PCAL,_ R -2Q
e Ty owEy B e, 2o

BOSTON = 6.%28 ¥ 0 %-\'0 32} —
pbh\ Z(O R 40 2B+a L8 — %
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The pH of water
pH is defined as —log([H30*]).

The chemical equilibrium that accounts for the pH of water is

H 0(1) +H0() = o+(aq) + OH~(aq) v

Q = (o 1o 1
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Chapter 15: Acid-base equilibria in aqueous solutions

24
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The pH of water
Write down the reaction quotient for the water autoionization equilibrium.
= [H50*][0H"]
25
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The pH of water The pH of water oWy + B = 3&0 @g\J« (7& @8-\
Pure water at 50°C is measured to have a p Pure water at 50°C is measured to have a pH of 6.63.
Write down the value of [H 0 at5 , loguﬂs0+l> é 63 Write down the value of [O{l—}‘] at 50°C.

[H;0%] = 10-663

[hob L=

[OH-] = [H,0*] = 10643 = 2.34 x 10~7

[ uaorl’ 1’0
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The pH of water e What is an acid? [k owes + l&p@—«#ﬁ@{;ﬂﬁh‘ %
Pure water at 50°C is measured to have a pH of 6.63. An acid makes [H;0%] > [OH"] H e\ (d@"\' MQ\%%O C(L> + %ﬁ
Write down the value of the reaction quotient of the water autoionization at A_ -
ilibri tat 50°C. .- i’
equilibrium at a 1 b3

=K, =[H;0*] [OH] = (107663)2 =548 x 1014 -7 =
Qo= K, =[H,0"][OH] = (107642 =548 x 107 _rgu- ] =1
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What is a base?

An base makes [H;07] < [OH"]

Tt (o™l >t esdd
:(iff( Cag 1<Co ] oo

106> +iglds = lhtop S0~
Nl ot = ‘ﬁh@% @

(it = Lo 1 el
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[1F] Pure water at 50°C is measured to have a pH of 6.63. This means that at
50°C water is ...

12% 3. basic

BOSTON
[| universiTY

G [

30
(171 re e Loche lols + 1> = g + H )
This means 3that at 10°C water is ... C%O-t’],m ‘ :(—:: 5.5%%!0—8
0% 1. acidic L \{5@*’1 > Low 1
100% 2. neutral Cu@b#] S Lou'ﬁl
0% 3. basic C :[ < l: 0%—1
16 of 20 o |
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[7F] Pure water at 25°C is measured to have a pH of 7.00. This means that at

25°C water is ...
-Jo0
CHod =Lt $= 10

0% 1. acidic
94% (2. neutral
6% 3. basic

Gaoren)s [

33
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[TF] The pH of pure water is different at different temperatures. This means
that as temperature changes ...
Weak acids and strong acids
A% 1. therelative amount of H;0*(aq) and OH~(agq) in pure water.
(]
Chang? ) /@(KB: _ AH‘ __L ’+ Aﬁ
0% 2. the acidity of pure water changes R T <
71% 3. the value of the equilibrium constant changes Mg, M oat ﬁ?
0% 4. All of the above ﬁ(gw& Z_.S]:C
29% 5. None of the above ‘3("( M /‘la() ol
puw =
(K /K ) &;rz "
- ,{w‘ﬂv = 4 AH
‘T—,, T\ / Az
34 35
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5 d equilibrium Weak acid eqU|I|br|um
adal g7 - 2T gy -
6= 0.1 MK, =1x105 [H0°] = 0.1 M, %yield? = pouu T =01MK,=1x1075,]
AC%X+H2011\-=1—¥50@5S+A(%5 S _ A+ WD =
T ol o - ol \0‘* o
C =K »4)4 +>< ‘ Y X +X
E ol-* © 4"% * = el-¥ W X
20 =0l ' .@ 0.00(
Lm0 =0\ —O\.DN N ofaoooo\
acip o (i 37t = o] asfaal Dol
¢ O s | W =0:00\
.09
e /ooz YA
Yot = 0.1 = -
7wuio)%d+/\/ A+ b SRAHOE R
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Solving acid and base equilibria

* Pure strong acid —> G5 1007, q
- Pureweakacid —= sk sohre

S)
S x

* Exactly neutralized weak acid
* Neutralized weak acid with excess base

BOSTON
UNIVERSITY

= + AT (R
« Partially neutralized weak acid H__P_\ - % —> w \,P_\,-
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Pure strong acid

10’3‘404 =0.|
O-(’ xo.\
O‘(_.o,mocmlxo.l

BOSTON
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Weak acid K, values
We can get the numerical value of K, by analyzing the acid equilibrium.
Initial @ 1077 0 0
Change —x +x +x
Equilibrium Ca—x 1077 + x x K,
Approximate = Cq =X x K,
With these simplifications, the acid equilibrium constant s ...
Kk, = [B07lAT] _ 22 _ (10-PH)?
@™ [HA] T @ ca
41
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Weak acid K, values
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We can get the numerical value of K, by analyzing the acid equilibrium.

Initial e 1077 0
Change =52 R I
Equilibrium G = 5% 1077 + x x
Approximate = Cq =X x

For example, if ¢, = 0.10 and pH = 4, then ...

—-pH)? -4.0)2
K, =0 -0 k1077
Ca 0.10

BOSTON
UNIVERSITY
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