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17.3 Acid-Base Titrations
Weak Acid/Strong Base
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17.3 Acid-Base Titrations
Weak Acid/Strong Base

H{O0q) + NaOM(og) = Na(0iog) +Wa0MM) : Ko HOAO = 350"

HCIO Vs NaOH
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18.1 Solubility Equilibria and Ksp
The Solubility Product Constant

PEBrale) & Pb*" 4 A8

Compound Kapat 25°C
PDBr2 6.3x 105 Rememlen ot pure fiuids ond sohds do ndl
AgBr 3.3x10-"3 opPRoR i om equilibrum expression,
CaCOa 3.8x10-°
A 2.5x107"° K = [%*)ee]
NiCO3 6.6 x 10-2 7
AgzCO5 8.1x10"12 . :
PbCl2 1.7 x 10-5 K-IP EJ“M‘E ?ﬂﬂt‘i [m’(ﬂ

x 10—10 y -
B et Nok ok e sots fishd ose These cug
CaF- 39 x 10-1 Cherm 11\ u;:a ﬂﬂwuﬁum jm N Hﬂuﬂ
Cu(OH)2 16 x 1019 howe considered insoluble.
Fe(OH)a 6.3 x 10—28
Ni(OH)2 28 x 10-18 fockng of the sp volues, These ane off
Zn(OH)» 45x10-17 Reactamt-avored quﬂ-lm
Caz(POs)2 1.0 x 1025
CaSO. 2.4x10-5
i 1.8 x 10-2
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18.2 Using Ksp in Calculations
Estimating Solubility

Which of the followingsalts - a) AgBr

Is the leastsolublein water? H b) Cu{OH)EJ
° " c) Cay(POy);

AeBriny @[ Qa8 || ®F

1| Seme 0 o,

o - S s

E 5 s
Kep= [gl0Be) :  33m0™ = (s)(s)
st = 33no™3

s =J33%077 = 547510

Glowa() €] c* |+ 20K
1| Some 0 0
| -s S 28
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Ksp = [Cu*]lon)?
1ex1o™ = (s)(29)?

Ksp = 3.3x10-13 @25°C

4s? = 1.6x10™
s? = yoxl10%°

Ksp = 1.6x10-1 @25¢C
Ksp = 1.0x10-5 @25¢C

s +Yuorio® = 34%x10°7]

CoslPoa (9) |©@ | 3 G** || 2P0
1| Seme 0 (o]
c| =S 3s 16
E 3s As
e 1-12
HSP s [fﬂ”] [Pﬂ.;]
10110 = (39 (28)

0855 = |0¥10°%®
s = 9310 %®

s :Vq3r0?® = 39y)0°¢

Slide - 136



18.2 Using Ksp in Calculations

Estimating Solubility

éeneral ” Ksp as a Function Solubility (x) aéla
Formula Examp!e Ksp Expression of Molar Solubility (x) Function of K5p
MY AgCl Ksp = [M7][Y-] Ksp = (X)(x) = x2 X= H,,p
MYz Hal Kep = MZIIY P Ksp = (X)(2x)% = 4x° x = Jh_:z

i 3 3 2 Hi-.p
MY Bil Ksp = IM**)Y] Ksp = (x)(3%)° = 27x° x={ s

27

MzY2 Fex(S04)a Ksp = IM>PY2 P Ksp = (20)%(3x)* = 108x° x =1 %&

dnslead of menoniung these singly use the TCE melhod.

Nofe tht wn the TCE Tobfe for sollalily e use 's' wstead of *x' sinply Becouse
by sohuing for 5, we hove detedrimed the sofubilfy wn wdk L .. M
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18.2 Using Ksp in Calculations
Predicting Whether a Solid Will Precipitate or Dissolve

ﬂaﬂm = “3+ + O

Q = [3'l0)
Supersaturated
Compone O o op solution
Q
Unsaturated Saturated
solution solution
K Q K K
Q Additopn solid Solid
dissolves precipitates
L eee—
Q< Ksp Q= Ksp Q> Ksp
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18.2 Using Ksp in Calculations
Predicting Whether a Solid Will Precipitate or Dissolve

When 25.0 mL of a 7.02x104M iron(lll) bromide solution is combined with 22.0 mL
of a 2.10x10-*M sodium sulfide solution does a precipitate form?

Ksp Iron(lll) sulfide = 1.4x10-58 - a) Yesv
-+ b) No
FeaSals) & 2FR™ + 35% [s*]
0 = [FR¥?[s*)? gooof NazS = 2.10m10° (0.022)
: 4,63v10°°

Toied volume nhem soflotions are Mued 25+ 22 =41l
NoaSeg) : aNe' + 5%

L E
#mof RBr, = 7.02%10™(0.025) s 5 = weaxi0®
= 1.755¥10°5 [s*] * 4 ea10%/0 047 = 4 83xi0°3
FeBralog) = Fe®" + 3B Q = (313v0™")* (a83110°%)?

= 13211077 5 Kep
#mol Fe®* = |158%10°5
[Fe3 = 11esx105/0.041 = 3737107
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18.2 Using Ksp in Calculations

The Common lon Effect

The Common lon Effect

Insoluble Salt - Common lon: CI
@ PbCl, =
o AgCl : . ,
o CaF, iT -
o PbCrO 0.01g

4 Hr \
Solubility: 4.50g/L w
Precipitate: 0.00g

See (fass Nek Site.

Soluble Salt
© NaCl

O KCl

= NaNO,

© Pb(NO;),

-
0.01 M

[Na*] = 0.00 M
[CI] = 0.00M

2 Cl'(aq)

Equation: PbCl,(s) —— Pb*‘(aq) +
Initial Concentration (M) 0.00 M
Change on proceeding to equilibrium +X
Equilibrium concentration (M) X

Solubility = x = 1.62 x 10 mol/L

0.00 M
+2x
2x
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18.2

Using Ksp in Calculations
The Common lon Effect - Barium Gastrointestinal Images

lrlFI!

..,ﬁhun:ung limb

‘ of transverse BaSOu(s) = Ba™' + 504"
:

e Hsp = [B)(s04] = 11n6"@ 28°%

PR Toxicology : 1-15g imzested.

colon

A,

Sigmoid

Colon
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18.2 Using Ksp in Calculations
The Common lon Effect

a) What is the solubility of BaSOy(s) in pure water? Ksp =1.1x1010@ 25°C
b) What is the solubility of BaSOy(s) in 0.1M Na,S0O,?

BaS0u(s) & Bo*' + S04
Lxpeded sift

3_95‘}4{5} & BGH + 5&? ;
1| Some o o
o ) S S
E S 5

Kee = [Bo™][S04 ]
L0 = (s)s)
&* = 11"

s :J1.1%10™"° =1,05%10°5 mol. L

ﬂnlmlq‘\ = 2“5“# 50.,‘

BoS0uts) |@] Bt |, S0y
| Some o o.\
c| =8 3 S
E s 0.1+ S

(s04); 7 100Kep © 0125 2 0.
Ksp = [Ba*™]L504""]
Livio™ = s(0.)
s = L1xi0 mdL"

PaS0y : 233 4 g,mo?"

S: 0,0025 g, L

S: 0,00000026 gL
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18.4 Simultaneous Equilibria
Solubility and pH - Remember me - Le Chatelier's Principle

HCNis a weak acid -
HCN(aq) + H,0(l) & H;0*+CN- Kc=4.0x1010@ 25°C
Addition of OH- to this equilibrium will cause the [CN] to

" a) |Increase/ ¢) Remain unchanged
b) Decrease d) Impossible to determine

0t Qiast Jock 1t Jocks The ) o5 ON" is nehen o product oR o Reactom.

HCNeog) + Ha0) & Ha0™ + oN°

+

OH™ = HOID

et Aesult i the gemovad of o produch.
Sht fowards products.  [ewl?
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18.4 Simultaneous Equilibria
Solubility and pH

r) Expecied equilibaiun shift.

N0s & & 0% + N™ i Hep = 130107 @ 25°% in puse wolen
+

Oddoid: Ha0% = HCOy +Wa0MD : Strongocid + Nech Bose ... 100%

HCO3 + Ha0 = Hi0" + coa® Ko = 5.5%10™"
Revense:  Ha0% 4+ €03 =) HCOs + Ha0 K = 18110° (1K)
Ni [03(9) = Ilh“ 4 ':0;"' Hse = 1 3X107"

Hi0t + €08 ¢ HOs + Ha0®) K = 1 gyv0"
NiCOs(s) + Ha0* &7 N+ HCOy + HaO(D) K = 2.3vi08
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