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of reaction, A,.S°, is
ffffffff
17% 2. =0
33% 3. >0 1323 1273 ]
1% 4. More information is required
- RT 4 (/K e =
<> /&U(\) = w = — IQI
R
456318
128 of 190 0
6

Copyright © 2020 Dan Dill dan@bu.edu



Lecture 22 CH131 Fall 2020 12/10/2020 9:42 AM

Lecture 22 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu ecture 22 CH131 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu
. . l_,__ = MKe [)-u/\'/ = . . e .
Prac Problem 14.61 =3 3K Disturbing equilibrium
61. The equilibrium constant ﬂor the rmt} <0 Essential idea: A system at equilibrium responds to a disturbance by partially
2 NOy(g) = NaOulg) S offsetting the disturbance.
’m equilibrium constant is 1’2_1_><_1_0 3
ate nth hange (AH)_for thf
assuming that AH ,:md _AS of the reaction are constant over
the [empemture range from 25°C to 200°C.
UNIVERSITY
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Practice: Problem 14.52 Online course evaluation (lecture and discussion)
\
30 ¢, 0, al\, Q 52. AL T = 100°C the/reaction * bu.campuslabs.com/courseeval of lecture and discussion
z
- S0,Cl(g) == SO,(g) + Clg) -
1 lLz0 o © C e e) 8 » Use BU login and Kerberos password
C', _ 7(' X AYX has an equilibrium constant K = 2.4.
a) Suppose the initial parial pRSTe of SO,Cl, is 1,20 arm, + Anonymous and seen by instructors only after grades submitted
) - and Ro, = Poy, = alculate the reaction quotient
g lLzo# . x * d Ro, = Po, = 0. Calculate th q o
=S _ and state whether the reaction proceeds to the right or to 5 : 3 . 2
-9 H = X = 7(,0_@3 the Ieft as equilibrium is approache. Comments in text fields especially valued and encouraged.
l.z0~7*
. g (b) L’.\qui'\!ﬁ the partial pressures ar equilibri . Pl 1 .
E O 29 032 0.8 x oTinie oiihesvstemis then et ease try to answer all questions
-T‘ 2[03;> 2(o. &) 208Xk : » When done, please close your browser
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Chapter 15: Acid-base equilibria in aqueous solutions
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The pH of water

pH is defined as@og([H30+]).
The chemical equilibrium that accounts for the presence of H;0" in water is

HOWM + 00 = o' @ + 0@y || K, <<l

BOSTON
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Loy CHsd1 =PH
CHs6]= 10
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The pH of water
6.

Pure water at 50°C is measured to have

=
This means that the value of the reaction que
at equilibrium at 50°C is

Qe =K, = [H;0*] [OH"] = (107663 )2 = 548 x 1014

Cou]= CHs0'F= o

reerrtof the Water autoionization A

30
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The pH of water
Pure water at 25°C is measured to have §
This means that the value of the reaction quotientof the water autoionization
at equilibrium at 25°C is
o m 1= (10-700)2 — —14
Qo= £, = [H;0*] [0H"] = (10770 )2 = 1.00 X 10
31
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What is an acid?

An acid makes [H30%] > [OH].
—

CH{,OVI lel
An acid HA reacts with wate

HA(aq) + H,0()

Since K, is fixed (at a given temperature), the increase in [H;0"] means there
is a decrease in pH and a corresponding decrease in [OH™].
reaseinp p g [OH]

ecture 22 CH131 Fall 2020
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— (o
HH 3t H’,O = [\U‘l’ +o#
A base B reacts with water as \ﬁ/
B(aq) + H,0()) = BH+(aq) OH™ (aq)
Since K, is fixed (at a given temperature), the increase in [OH ™| means there is
a corresponding decreaﬁlﬂ [H507] and so increase in pH.

pa—

What is a base?

A base makes [H;0*] < [OH™].

BOSTON
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. + y
What is a base? NaoHss =7 Na" ) +01 (45
Hydroxides, when dissolved in water, also make [H;0%] < [OH™].
For example,
NaOH(s) - Na*(aq)
Since K, is fixed (at a given temperature), the increase in [OH ™| means there is
a corresponding decrease in [H;07] and so increase Tn pH.
—
34
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[TF] The pH of pure water is different at different temperatures. This mean,
that as temperature changes ... -6.b%
6 ?W%o@
15% %hz rrlltive amo pure water ( 10
15% (9@
18% anges
53% 4. v + -
>
0% 5. None of the above ﬁ “’50 Z C@% l
K = CHsot (COR 1
AN
® =4 = [— UBO‘\’J (W -
H*% eaK,)> =
35
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Strong acids

A strong acid reacts with water,

HA(aq) + H,0(D) = H,0%(aq) + A~ (aq),
with essentiallk 100% yield,

BOSTON
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Weak acids
A weak acid reacts with water,

HA(aq) + H,0(1) = H50%(aq) + A~ (aq),
with yield much less than 100%.

Copyright © 2020 Dan Dill dan@bu.edu

12/10/2020 9:42 AM

Lecture 22 CH13

Stron

This means/its equilibrium constant,

a

and that

For example, ¢, = 0.1 M, K, =1 x 105, [H,0~

31 Fall 2020 Copyright © 2020 Dan Dill dan@bu.edu

A+ @2}&60* +R

P
W ¥ =0
IHy

[H30%] is the same as the molarity of the strong acid solution.

o.qug“A

g acids

28

I =
L CoN A (L
- Ol o) O
= shal 0.1
¢, O | 10 ¥
E O ol o
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Weak acids
This means its equilibrium constant,
_ [Hz0*][47]
Ka =T

38
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and therefore that [H;0*] must be determined by solving the ICE table.

39
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Weak acids

4O KL AT
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T O (o~ o O
T YA
= o.l—% 19+ X a
2 0\ % +07LooL
B =000t OO
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Ko =D Cizd 1

For example, CH =0.1 30}] = 0.001 M.

,-\bklO
C(o +7<\)CXX =
__/
= T O0-\=X
e

A _—

o\

=5 = 0,00\
O, | %0 =9
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“Titrating” a weak acid

An important problem is determining [H;0"]| as a result of adding strong base.
to a weak acid.

There are two steps.

First, let the added base react with the acid present 100% as a limiting
reagent problem.

Then, use the ICE table to solve the weak acid equilibrium

40
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“Titrating” a weak acid;

Incomplete neutra
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lization

¢, = 0.20 M of OH~ is combined wit] f
c, =0T M of HA, K, = 1.0 X 10~
D@ WA « Gh > W0+ AT (= 00E-0r
/mg\e% 1 0. oHo 0:620 G:229
C ~patp oot 40-‘9’%
o, . o
@@ \—\'P( P‘GO?, (9A/’0 4 (o 4-88(.010{’%
o Y. = . Fo—
et D D e S
o-do-K W 20 Do
B E oo xK %0
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“Titrating” a weak acid: Incomplete neutralization
Vp = 100. mL of ¢, = 0.20 M of OH~ is combined with V, = 100. mL of
cq =0.40 M of HA, K, = 1.0 X 1075 at 25°C.
Initial 0.10 10-7 0.10 1077 <K,
Change
Equilibrium
Approximate
43
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“Titrating” a weak acid: Incomplete neutralization “Titrating” a weak acid: Neutralization
4, =100. mL of g, = 0.20 M of OH~ is combined with V, = 100. mL of V, = 100. mL of ¢, = 0.40 M of OH™ is combine
¢, =040 M of HA, K, = 1.0 x 105 at 25°C. ¢, =040 M of HA, K, = 1.0 x 10-°and K{= K /K—10><10 8 atp5°C. 4
o alee e
g WA + o —»l&,o ~ o-z0
Initial 0.10 1077 0.10 1077 <K, @ L
o © = ovio w0
ange = X o1+
Equilibrium 1.0x 107 o O )
Approximate ~0.10 1.0 x 1075 C ) &
, o WOl — kU + OH (% <
_ . _ Kg[HA] _ 1.
[H,07] = x = u-1 - 0.10

x.o

®@5? iy o ekl 1500 VK
lt D+ oty — S5 T
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“Titrating” a weak acid: Neutralization “Titrating” a weak acid: Neutralization
Vi, = 100. mL of G, = 0.40 M of OH~ is combined with I, = 100. mL o 4, = 100. mL of g, = 0.40 M of OH~ is combined with I/ = 100. mL of
¢, = 0.40 Mof HA, K, = 1.0 x 105 and K, = K,, / K, = 1.0 x 10~ 8 ¢, =0.40 Mof HA, K, = 1.0 x 10~6 and K, =K,/ K, = 1.0 X 10-7at25°C.
——
Initial .20 @) (0~ Y O Initial 0.20 107 @
Change ~X + ¥ + ¥ -8 Change = +x
Equilibrium (0. 20 =% X O~ Fx 'S(b> (.OLQ Equilibrium @ x (1.0 x 1078
Approximate ¢ O.Z0 ¥ 3¢ K Approximate m 1.0 x 108
C—— N
_ [OH]—x—(Kbx[A])1/2—(10><103><020)1/2
[H;0%] = K,/ [OH"] = (1.0 X 10714) / (4.5 x 10-9) _22><10 10
A gy ey = AT
46 47
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Titrating” a weak acid: Excess base [ l 6?;3‘% Titrating” a weak acid: Excess base
i V, =200. mL of ¢, = 0.30 M of OH™ is combined with V, = 200. mL of
¢, =020 MofHA, K, = 1.0 x 10~° and K,, = 1.0 X 10~ at 25°C.~
~ 6100 o, 0.050 |
z SR FK L TE L heho= ettt
B g
5.100 -
AN v ok _vR 0+ Of‘?
@ KT L 6.04%b O'wl_‘% - +o-040
C—0-040 ~00 o040
A C. O oo T2 0040 Aol
C 0. 080 1= oowsl A 1= “paoC
sosion B X D-0O+* : Lok 0 %OLA«M/ = o.loo ™| _
%0-100 =0.050 WY(_
48 49
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“Titrating” a weak acid: Excess base

V= 200. mL of ¢, = 0.30 M of OH~ is combined with V, = 200. mL of
c,=0.20 Mof HA, K, = 1.0 x 10~° and K}, = 1.0 X 10~8 at 25°C.

Initial 0.10 0 0.050 0
Change =52 R I
Equilibrium 0.10 — x x 0.050 + x 1.0 x 1078
Approximate ~0.10 X ~ 0.050 1.0 x 1078

[OH-] = 0.050 (easy!) ~
[H,0+] = K, / [OH-] = (1.0 X 10-14) / (0.050) = 2.0 x 10-13
[HA]

= x=Kb [A-] / [OH-] = 1.0 x 10-8 x 0.10 / 0.050 = 2.0 x 10~8 (tiny!)
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