(s o) 3=kl Sl

PH lbdo 5 0T (g095 4 055 iy

Hgo-#{rm,] DH'{H’Q]

H,0(/) H0()

H0()) + H,0(/) === H;0%(aq) + OH(aq)

-

N

[H;0*][OH]
[H,0]2 '

\ The lon-Product Constant for Water

\
K [H02= K, = [H;0*][OH] =1.0 x 10 at 25°C
A change in [H;0*] causes an inverse changeiin [OH].

In an acidic solution, [H,0"] > [OH']
In a basic solution, [H,0"] < [OH]
In a neutral solution, {H,0"] = [OH]

[H;07] > [OH'] [H;07] = [OH'] [H;0%] < [OH]

SOLUTION
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Sample Problem 18.2 Calculating [H;0*] and [OH-] in an Aqueous

Solution

PROBLEM: Aresearch chemist adds a measured amount of HCI gas to pure
water at 25°C and obtains a solution with [H;O*] = 3.0x10“ M.
Calculate [OH-]. Is the solution'neutral, acidic, or basic?

PLAN: Use the K, at 25°C and the [H3(5*] to find the corresponding [OH].

SOLUTION: k. = 1.0x10** = [H,0% [OH] so

[OH] = K/ [H30*] = 1.0x10-14/3.0x10% = | 3.3x10"" M

N[H:0*Jis > [OH] and the solution is acidic.

Figure 18.5

The pH values of
some familiar

aqueous solutions.

pH = -log [H;07]

!

N

ol oolsito g PH iy y2i

1 M NaOH
(14.0)

Lye (13.0)

0L

\

Household
ammonia (11.9)

.

Milk of magnesia
(10.5)

Detergent
solution (~10)

3 —’— Seawater (7.0-8.3)
= Blood (7.4)

"

1 7 NEUTRAL

———— Milk (6.4)
Urine (4.8-7.5)
Unpolluted
rain water
(5.6)

]— Beer
(4.0-4.5)

Vinegar

(2.4-3.4)

Lemon juice
(2.2-2.4)

)

— Stomach acid
= (1.0-3.0)

1 MHCI (0.0)
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Sample Problem 18.3 Calculating [H;0%], pH, [OH], and pOH

N\

PROBLEM: In an art restoration project, a conservator prepares copper-
plate etching solutions by diluting concentrated HNO; to 2.0 M,
0.30 M, and 0.0063 M HNQO,. Calculate [H;0%], pH, [OH1], and
pOH of the three solutions at 25°C.

PLAN: HNO;is astrong acid so [H;0*] = [HNO;]. Use K, to find the [OH"]
and then convert to pH and pOH.

SOLUTION: For 2.0 M HNO,, [H,0*] = 2.0 M and -log [H;0*] = -0.30 = pH
[OH] = K,/ [H0*] = 1.0x10'4/2.0 = 5.0x10-'5 M: pOH = 14.30
\

For 0.3 M HNO,, [H:0*] = 0.30 M and -log [H;0*] Z0.52 = pH
[OH = K,/ [H50*] = 1.0x1014/0.30 = 3.3x10 ™ M pOH = 13.48
\ \
For 0.0063 M HNOy, [H;0°] = 0.0063 M and -log [H;0] = 2.20 = pH
[OH] = K,/ [H50*] = 1.0x10-4/6.3x103 = 1.6x10-2/7; pOH = 11.80

After N\
dissociation dissociation -

:
E)

&9 3 Jskxo PH o

Aedative number of moles

HA  HO* A

=
>

o yod

NaOH _ , Na*+OH

Wy X Uew]

H,J,J O3 b s slasl zeoie dunl -

Relative number of moles

1 HA HA HSO‘ AT




Weak acid: HA(aq) + H,O()) <= H,0%*(aq) + A(aq)
[HA]dissociated
[HA]initiaI

% dissociated =4/(5'+ 4) x 100 = 44%

x 100

Percent HA dissociation =

axd s Jolad a3 bgy po Jluwo j0 0,509, 90

JslxopH 31 Ko adly -
PH=2.62 L ool Sl i ¥500/12 Joloma Ko (58l 7-18 aliune digos

Sample Problem 18.7 Finding the K, of a Weak Acid from the
Solution pH

PROBLEM: Phenylacetic acid (C4HsCH,COOH, simplified here as HPAc)
builds up in the blood of persons with phenylketonuria, an
inherited disorder that, if untreated, causes mental retardation
and death. A study of the acid shows that the pH of 0.12 M
HPAc is 2.62. What is the K, of phenylacetic acid?

Concentration (M)  HPAc(aq) + H,0() == H,0*(aq)+  PAc-(aq)

Initial 0.12 - 0 0
Change -X - +X +X
Equilibrium 0.12-x - X X

[H50% = 10°H = 2.4x10* M which is >> 107 (the [H,0*] from water)
x=24x10° M=[H;0*] = [PAc] [HPACLquiiorium = 0.12 - x=0.12 M

(2.4x103) (2.4x103)
0.12

=4.8x10°

So K, =
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Sample Problem 18.8 Determining Concentrations from K, and
Initial [HA]

PROBLEM: Propanoic acid (CH3CH,COOH, which we simplify as HPr) is a
organic acid whose salts are used to retard mold growth in
foods. What is the [H;0*] of 0.10 M HPr (K, = 1.3x107°)?

PLAN: Wirite out the dissociation equation and expression; make whateve
assumptions about concentration which are necessary; substitute.

Assumptions:  For HPr(aq) + H,O(I) === H30*(aq) + Pr(aq)

X = [HPrlyss = [H30"Tsom we= [Pr] Ka= [HO'][Pr]
SOLUTION: [HPT]
Concentration (M): HPr(aq) + H,0(]) —= H,0%*(aq) * Pr(aq)
Initial 0.10 - 0 0
Change -X - +X +X
Equilibrium 0.10-x - X X
q( Since K, is small, we will assume that x << 0.10
[H;O%][Pr] (X)(x) e
1.3x10%= ——— = =
[HPr] 0.10

X = —J(0.10)(1 3x107°) = 1.1x103 M = [H50%]

Check: [HPr]y.. = 1.1x103 M/0.10 Mx 100 = 1.1%

(S oz il
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Polyprotic acids
acids with more than one ionizable proton

HPO(ag) + H,O() === H,PO,(ag) + H;O'(ag) Ky, = SO IM:POL]
[H;PO,]
=7.2x103
H,PO, (aq) + H,0() == HPO2{ag) + H,0"(ag) K, = L3O IIHPO.]
[H,PO,]
= 6.3x108
+ 3-
HPO (ag) + H,0() == PO, (ag) + HsO'lag) Ko = TROIEOCT
[HPO7] .
= 4.2x10-
> Kai > Koo > Ky =

Ny 01050 uad Ko yg5el Jglna yo (Jolas slgzlalé cpoans 10-18 aliine digei
(=8,b7 8 o)

Sample Problem 18:10 Calculating Equilibrium Concentrations for a
Polyprotic Acid

PROBLEM: Ascorbic acid (H,CsHgOg; H,Asc for this problem), known as
vitamin C, is a diprotic acid (K,; = 1.0x10° and K, = 5x10?)
found in citrus fruit. Calculate [H,Asc], [HAsc], [Asc?], and the
pH of 0.050 M H,Asc.

PLAN: Write out expressions for both dissociations and make assumptions.

K, >> K,, so the first dissociation produces virtually all of the H,O*.
mS e b 50 G s,

K, is small so [HoAsCliitiar = [HoASC]

After finding the concentrations of various species for the first dissociation,
we can use them as initial concentrations for the second dissociation.

SOLUTION: [HAscTH:0"]
H,Asc(aq) + H,O(l) === HAsc(ag) + H;O0"(aq) Ky = ——— =1 0x10%
[H,Asc]
2 +
HASC (ag) + H,0() === Asc?(ag) + HiO'ag) k= o0 IO e

qd [HAsc] >



Sample Problem 18.10 Calculating Equilibrium Concentrations for a
Polyprotic Acid

Concentration (M) H,Asc(aq) + H,0(l) ==HAsc"(aq) + H;0"(aq)

Initial 0.050 - 0 0
Change -X - +x x
Equilibrium 0.050 - x - % X
K1 = [HAsc][H,0*]/[H,Asc] = 1.0x105 = (x)(x)/0.050 M s,
X = \/(0050)(1 .0x1 075) X=7.1x10*M pH = _|Og(71x‘1 074) =315

Concentration (M) HAsc(ag) ¥ H,O() —===Asc?(aq) + H;0%(aq)

Initial 7.1xX10*M - 0 7Ax10*M

Change -X - +X +X

Equilibrium 71x10%-x - @ 7.1x10* +x
@ [AscZ]|[H;O*J[HAsc] = 5x10-12 = wﬂq@@ }a
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