Chemistry 12

Unit III - Solubility
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I) Ionic vs. Molecular Solutions

Solution: a_ HOMOGENEOUS  mixture (consisting of one phase)
of two or more substances

e.g. salt and water, metal alloys, alcohol and water
Solute: the component(s) of a solutionin _ LESSERL quantity
Solvent: the component of a solution in the GREATEST _ quantity

Salts (__lonit¢ compounds) are made up of a_ METAL and
a_ NONMETAL . Salts dissociateinto__ 1o NS ~ when
dissolving into solution. Ions in solution are electrolytes. Because of
the electrolytes, ionic solutions will conduct electricity better than

pure water.

Dissociation Equation: ~ NaClg = l\[afcaﬂ) d CQ—(% )
Diagram of NaCl) dissociating in water:
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Moleculdr Compounds are made up of __NoN METALS

They remain as a whole molecule when dissolving into solution.
These neutral, dissolved molecules are ‘non-electrolytes’ because
charged ions are not created. Certain molecular compounds dissolve
in water, but no molecular compounds dissociate

( spli £ indo iong ) in water. Molecular solutions do not conduct
electricity better than pure water.

Sugar (glucose) dissolving in water: CsH106e = (¢ U,
Diagram of sugar dissolving in water:
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1) Solubility

Saturated Solution: a solution in which excess solute remains _
undissolved (in solid state) on the bottom of the container, and the
rate of dissolving (dissociation) _ EDLUAL S the rate of
crystallization. ‘




Saturated solutions are at equilibrium because the rate of dissolving
equals the rate of re-crystallization (precipitation). In a saturated
solution, the amount of undissolved solute on the bottom remains
constant because an equal amount of salt is dissolving and re-

crystaﬂlzmg. ‘Perfectly’ Saturated Solution — no solid is __<el 4 6"
e.g. KBI‘(s) e K+(aq) 3 Br—(aq) observed_ on bottom, bu!: addgtlon o.f any M‘P&W&/ /
/ more solid would not dissociate {dissolve). . ar
do&&f& fscosll G “’7

For a solution that is unsaturated, the rate of dissolving is greater
than the rate of re-crystallization. Therefore, the solid crystals on the
bottom eventually dissolve, and the solution is not at equilibrium.

e.g. KBrg /:> K*ag + Briag

{r'»tﬂ]b Qnrfowd

Solubility: the solubility of a substance is the equilibrium
concentration of that substance in solution at a given temperature.
Concentration is measured using Molarity (M) = mol solute/L
solution.

Every salt dissociates to some extent in water, but every salt has a
different solubility in water. Some salts can dissociate a very large
extent, while others barely dissociate at all. Solubility is also
temperature dependent. A general rule for solid-liquid solutions is
that solubility increases with increasing temperature.

High Solubility Salts can produce a solution greater than 0.1M before
becoming saturated.

Low Solubility Salts create solutions that become saturated at <0.1M.

The solubility table in the data booklet is a tool utilized to predict if a
salt is soluble or low solubility.

Assignment 1: Read pages 73-76 in Hebden and do Questions #1-7



III) Calculating Solubility and Jon Concentrations

Use stoichiometry to calculate the concentration of ions given the
concentration of solute.

Eg. 1 Calculate [Na*] and [SO+*] in a 0.20M solution of Na2SOxaq)

Dissoc. eq'n: Naz504s) = 2Na‘eg + SOsZ g
020M  odowm  0.20M

Eg. 2 Calculate the [Fe*] in a 0.50M solution of iron III sulfate.

Fe,(Sou) e, — > 2F’L, ¢ 3 S0
0.50 M 1.0l 5 M

Eg. 3 A saturated solution of PbCl: is found to contain 9.90g of PbCl

per liter of solution. Find [Pb%]. *change grams to moles and then write

dissoc. eq'n and use stoich. g abrated ”

PR, — Pbis 2,
3.5596 % [p7* M 35686 =10 M T2 xio™r M

4,4%%% Lwol Polle 3.558( x 107 mol

= . 3.5686 x 1077 M
|.ooL im.sz%

L
ﬁ?b“} - 3.56x 107¢ hﬁ

Eg. 4 Write an equation showing the equilibrium in a saturated
'solution of silver carbonate. The solubility of Ag:COs is 1.29 x 104 M.
What is the solubility in grams per 100.0 mL?

Lo, .. —— A, .+ COZ
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129 x 107 mel A1.CO, | 35,5, Auco; | oo b -y
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Eg. 5 250mL of 0.30M K250 and 250mL of 0.80M MgCl: are mixed
and no reaction occurs. Calculate the concentration of each ion in the
final solution. *use dilution eq’n and then write dissoc. eq'ns and use stoich.

K80y oy — 2 Klnas © SO 0qy Mﬁfﬁzfﬂ M‘ﬁ fsqy ¥ 2’{“’&5“4}

0.15M 0.3o0M U5 M 0 YoM 0.4e 0 0.FopM
[KlSOq—L - MV (O‘SOM)(D.HL) [Mjuz]#i? MVi g0m)(o.0c0)
| Ve DSotL MV{ Sy
" 0sM = 4o M

(- ozom (M- 0%om
[sog]- 0em [l 0%om
Eg. 6 Calculate the concentration of all ions when 200.0 mL of 0.600M

AlBrs and 300.0 mL of 0.400M BaBr: are mixed together.
Aﬂ-ﬁfs {3} ﬁgﬁ{;ﬁ % 5?)7;%} %&B{ e i;%;:;f: . ng EM>

gy

0.240 | P 0.710 m 0.2d0 m 03k M L ORY
E’w‘i%"g; . Wy . {\Oﬁbéoﬁ}{@nﬁawu} E@ﬁgv;} f& Vi (0 Yoo M>(0 JeooL)
Ve 0 Zooot V’g 0 .Cos0 i
= D2vowm = 0.24%0 M

LA ] - 0.240 M

[6&.‘“’] = 0.240 A

Assignment 2: Hebden p. 77 # 8-11 / p. 78 #12-14 / p. 81 #18, 19,
20abfg (*try the rest of 20 for practice only)

(B 1- 070 + 0450 = 1.Z00 M

IV) Using the Solubility Table
The solubility table in the data booklet is used to predict whether an
ionic salt is soluble in water (>0.1M) or low solubility in water

(£0.1M). Any compound that is determined to be “low solubility,” is
assumed to form a precipitate.



Precipitate: a__ SQL D that forms in a solution due to the
mixing of two ions that are low solubility when in combination.
Hints:

1. All nitrate (NOs) compounds are soluble.

2. All alkali metal (first column) compounds are soluble.

3. All ammonium (NH¢") compounds are soluble.

Use your table to predict whether the following salts are soluble, or
low solubility and form a precipitate (ppt.) in water.
Sodium hydroxide S

Ammonium acetate $

Calcium sulphate LS

Lead II chloride LS

Potassium chloride S

Calcium bromide S

Potassium carbonate $

Aluminum sulphate S

Leaé s)ulplrude LS

10. Copper Il sulphate S

11. Iron II sulphide LS

12. Barium hydroxide LS

- 13. Silver bromide LS

14. Magnesium carbonate LS

15. Copper Il chloride S

16. Copper I chloride 5

XN WD

Other types of questions you must be able to answer using the

solubility table:

i) Be able to predict if a precipitate will form when two aqueous
solutions are mixed:

Pb(NOs)2¢ag) + Kl = 2 K nO + P

3 (as) z (s)

*Find possible products
* Is each product soluble (aq) or will it form a ppt (s)?



ii) Be able to determine which aqueous solutions would have to be
mixed in order to produce a certain precipitate:
Which aqueous solutions could be mixed in order to produce a

recipitate of Mg(OH)z)?
precip g(OH)z My(noy), + NaOH {wei-} othess |
Assignment 3: Hebden p. 83 #21-23 and p. 84 #24

V) Formula, Complete, and Net Ionic Equations
Eg. 1

Formula Equation:

Na2COs@q + CaClxag = 2NaClag + CaCOss)

Notice that no ions are written in a formula equation.

5 ?5,6«+"ﬂ~+‘tﬂ L gms
Complete Ionic Equation: /

2Nat(ag) + COs%(ag) + Ca%aq) + 2C1'(aq) = 2Na*aq) + 2Cl(aq) + CaCOss)

Notice that only ions are written in a complete ionic equation, except
for precipitates.

Build and balance the complete ionic equation using the formula
equation.

Net Ionic Equation:
CaZ*ag + COs?ag = CaCOs()

Notice that only the ions that become a part of the precipitate are
written as reactants (the ‘crossed-out’ ions are known as spectator
ions).

Build and balance the net ionic equation using the complete ionic
equation.



Eg.2 Write the Formula, Complete Ionic, and Net Ionic Equations
when the following aqueous compounds are mlxed
LlBI'(aq) and CaS(aq)

MOLEWLMZZLI' B s + Cag{aﬁ) —— le S (an) * CO.B’V& (24)
. -¥ - % AT : N - -
CompLere oNiC: ZLity o 28y Gl » Sty — Zlity St *&Zc:«,)* 2B o

NET LoNiC NOE\EE€ % all ime Cross - ouk

Assignment 4: For each of the following, write formula, complete,

and net ionic equations:

1. Aqueous magnesium chloride is mixed with aqueous potassium
hydroxide.

2. Aqueous lithium carbonate is mixed with aqueous iron (II)
sulphate.

3. Aqueous copper I sulphate is mixed with aqueous strontium
bromide.

Assignment 5: Hebden p. 87 #25

~Quiz 1-
VI) Separating Mixtures of Ions bx Precipitation

Describe a method to separate Ba?* and Pb? ions which are in
solution together.

1. Find an anion that will form a precipitate (low solubility
compound) with only one of the cations, and add it to the solution in
the form of a sodium salt.

ADD CA(_ as (\ERC/Q +O PP{_ Pb@&{g}

2. Filter off the precipitate.
3. Find an anion that will precipitate out the Ba®"  jon.

oelel %O‘{, s e\ia,%@% e f‘?{ %950\“.;)
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Assignment 6: Ion Separation Exercises

1. Describe a method to separate CI- and OH- that are in solution
together. Hint: Start by picking a cation that will only precipitate
one of the anions out. Add the cation as a nitrate salt.

pdd. Mj" (M Mﬁ{&iﬁﬁz} to ?g‘t DH™ «s Mﬁ(ﬂé{}zm. FiLTee .
@ Add Pb* (as Ph{noy),) 4o ppt Q7 as Pb, (.

2. A solution is known to contain one or more of the following ions:
M82+! Ca2+’ Pb2+
What ions could be added and in what order to determine which
cations are present?

Ao §% (as NoS) 4o ppt Pb*" as FbS,,.
Add SO~ (as NasS04) o ppt (ot ax (aSOy .

Add 04 (a5 MNaOH) +o ppt Mi;e“ as Mg{@ié’)wj

3. You have a solution known to contain any or all of Cu'*, Ca*, Fe¥,
and Sr*. You have the following 'test' solutions available: 1M COs?,
1M SO, IM OH, IM CI, IMS* In what order would you add each
of the above test solutions fo test for the presence of each cation?

4
Punion " Cut | G [ RS
(0| PPT | PPT |PPT | PPT.
Sog¥ |Sowse | PPT  [smusie] PPT.
QU~ | PpT. | PPT. | PPT jserueee
CQ‘ VP PT * }soLuBLE {SoLvBLE §50LuRLE
_ 5’2" PoT SovBL€ | PPT {SoLubiLe

O
S*
& oH-
@ itur 6%““’/%0.&“

Assignment 7: Hebden p. 90 #26-32, 36

10



VII) Quantitative Solubility

Remember that a saturated solution is in equilibrium because the rate
of _DISSociATioN equals the rate of RE -CRYSTALLIZATION.
BaSQOsis ¢ Ba?eg + 50+ g
A
Aouble arrow.
Because an equilibrium exists, there exists an equilibrium constant.

We use Ksp which stands for the _SewLvBiLiTy PrRopueT CONSTANT
IMPORTANT NOTE: The solubility constant (Ks) is NOT the same as solubility.

[(ProvucTs]

[RE& oTh N'rsj

Ksp= Remember: SOLIDS omd LIQUIDS not

|-Y\ﬁ,‘b\de¢d tn K expressions.

Write the Ksp expressions for saturated solutions of Ca(OH)2, PbClL,
and Agi:POq

CQ(GH’);(« IEM) * ZOHE‘*&} )
KSF B EC“'“] [OH-EZ Ajs PQ‘FC&.} = BA‘ﬂ%C*ﬁ} * Po‘észﬂe*}
Pollecy T== Pbyy v 200 - (o ]* [Pogr ]

Kep = [perr ][ 7?
Salts which are soluble have large Ksp values as their ion

concentrations are large. Low solublility compounds have small Ky
values (see p. 332 Hebden). The smaller the Ksp value, the _LESS
soluble the salt.

VIIT) Type A Problems: Calculating Ks»

i. If the solubility of Ag:5 in water is 1.3 x 10"M (this means that 1.3 x
1077 mol of AgsS dissolve for every litre of solution), calculate the Ksp.
Ag:Se) & 2AgHaq + S*ag)
L3cig™ LBxwo ¥ 13e ™y

L] (]
z (2.(9 X lo“*)"”(i.a x ED"!?)

.6 « 1077 éivf’f.‘é Low E{g?) 11



ii. Calculate the Ksp of MgS if 300.0g is the maximum that can be
dissolved in 2.00L of water.

30,04 Mys mol M S
L ‘j - 2.6596 M Mjs
2.00 L | Sbty MgS |
<~ "
Mjgﬁs) Mﬂi ) zm - Mjs ”SﬁM/"*
25%6 M 24546 M 2.6596 M /

K;P: [mjl*]}}."j = (265% W) = Foz (Lﬂch o) ZUZZ{,M 7 01K

iii. A 25.00mL sample of saturated ZnF: solution was filtered and then
evaporated to dryness. The mass of the residue was 0.508g.
Calculate the solubility product constant of ZnFa.

;“_0;‘5053 %Vu{:z,l \ mol Tk
0.02500 - i [03‘*’3 b

g‘“?r(s)f“_‘ 5"’ * Qgé;}

0.196S M O.l%w 0.3930 M

- e [P - ( %gm){é} 3939 M) {ﬂj

Assignment 8: Type A Exercises

= 01945 M g‘ﬁ; (wwia( be soluble w-@méiz,)

1. At 25°C, only 0.00245g of BaSOs can be dlssolved in 1.0L of H20.
Calculate the Ksp for BaSOa.
2. At 25°C, the solubility of AgsPOsis 1.8 x 10°M. Calculate the Ksp
for AgsPOu.
3. An experiment showed that a maximum of 1.49g of AgBrOs can

- dissolve in 1.00L of water at 25°C. What is the Ksp for AgBrOs at this
temperature?
4. A saturated solution of CaF: contains 4.15 x 10#mol of CaF: in 2.0L
of solution. What is the Ksp for CaF2?

12



5. A solution in equilibrium with solid Ag:5 on the bottom of the
beaker was found to contain 1.6 x 10°M S$* and 2.5 x 108M Ag*.
Calculate the solubility product constant of Ag:S.

Extira Practice: Hebden p. 95 #42, 46, 50-51.

IX) Type B Problems: Calculating Solubility

For these problems, you must use the K chart on p. 333 in Hebden.
Remember that solubility means the molarity of the salt at
equilibrium (when it is saturated).

1. Calculate the solubility of CaCO:s in water at 25°C.

C&«C;Og (59 T wm} zzmi} + . 'ifza.ﬂ Le.'(: = CCaf"”j = [:(.0;"]"_
x M x. VA

= [e] Ew's ]

50&!0“"' = =
x = 1.0F x 107°M = [ca?]

.03 v\ ° wmel CatTl 1 moll CaC_Q_i
.ot | | wal Ca*r

[ <10 MGacoy)

2. Calculate the solubility of PbL in g/L at 25°C.
P\oiz(’ﬂ U PLi (nay 21 (ag) Led x = CPij
% M 23’- M ” 2): . E‘ _j
KsF = CPB?""] [‘ ...,]

g8.5x 1071 = o (2x)?
8,"5 x 107 = Ux?
2 025« 1078 x3 ot

s1e4
L= 1.2856x 107°M = [(Pp+] = “ [Pr1.]

1. 2886 x V07 ? wmet Pl |q—e\ 04 Pbis

oL l {wel PO, {qujmﬁ_%

e




ASS!'%V\WMJC g - TYF"' A £xercises

|, 0.002454 BaSOy|| mel BaSou
i L0 \ 233.4'3 ‘-BA.SO*

l.o44F x 1075 M BuSO,

N . _
BA-SO._*,(G) R B"‘ZCN;) . so*a(qq)

Ksp = (8] [soer 7] = (Lo%as « 10-?)"; 1 <107
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3. How many grams of PbBr2 can be dissolved in 250.0mL of water at
25°C?

Pb%r’-’ﬂs) Wﬂ“} Pb a2y 28{2&4) Let e = CPEHJ
:A 2= M Hem 2z = B
K‘S?-: CP\our] E&ﬁj

6. 2107 = x (Z:z,)z
Lo x 1076 = My ®

.66 x 107 = =«3

v~ L1g13 «107°M = (Per] = [Poby, |

LY gLs x. 107 ol Pb@rbi | L ‘36100\?5@’;%“,
1.0 Lo E L (ZSD ML)‘ | el Pk?v,,

:i [ .4 4 PL B, per 250 "‘"E

4. Consider the following saturated solutions at 25°C:

SATURATED ' GATUR &TED

Using calculations, identify the solution with the greater [Ag*].

Aﬁam pum— Aﬂ*‘“‘ﬂ + Wy Aﬁl 5(sY — 2’43 (ray * oy, (a1}
Let 2= (ag']- [en) A Let x = (c0y>7] M M
Kso = [A¢ (] Houn 2 - Ly']
L8x10™® = =" | KGF = CA{']Z‘EC—%Z']
= .34 10 Mm Aj“' .5 x 107 = (2x) (x)

Xz .29 <107 M cot
2= 2. SFgio™ M Agt

" Aﬁ,,c,a, has ﬁ««m{—cf EAS*’j,



Assignment 9: Type B Exercises

1. The Ksp at a certain temperature for Ni(OH)z is 1.6 x 10-%6.
Calculate the solubility of Ni(OH)2.
2. At a certain temperature, the Ksp for CaSO: is 2.4 x 10°. Calculate
the solubility of CaSQOu in g/L.
3. What is the equilibrium concentration of Cd?* ions in a saturated
solution made by shaking CdSe with water? Ksp =6.0 x 10?7
4. Calculate the mass of MgCQO:s that could dissolve in 3.0L of water
~ at 25°C
5. What is the [Ag'] in a saturated solution of Ag>COs at 25°C ?
6. What mass of PbSO: will dissolve in 5.0L of water at 25°C?
Extra Practice: Hebden p. 95 #43-45, 47-49, 52-55.
-dvtz 2-

X) Type C Problems: Trial Ksp (‘Q’ in Hebden)
When two solutions are mixed, a low solubility ion combination
could be introduced and could form a precipitate if enough are
present to saturate. A Trial Ksp can be calculated to deduce whether a
precipitate will or will not form.
A precipitate will form only if the TRIALKypis__GREATER
than the Ksp!
1. Will a precipitate form if 40.0mL of 8.0 x 10°M Mg(NQOs): are
mixed with 60.0mL of 1.0 x 102M K2CQOs?

Mg(NOshag + KoCOseqp = M4 L0505 + ZKNO; )

Pogg bl

A .
EMa(Noa)J‘_. = MEY_L . @.Onlo-bm)(o,owm LS #¢ [K;CD;_L . M n Q.OUOJM)(Q-OB&N—»)

Ve O.lo00 Ve 0. 100 L
= 3.2x\0"% M

= 0.0060 M
R - 4 b2 3 - X

Mﬁ(N% o T Mgt - 2 N, Ko 05,y = 2K, - QO
3.2 x 1073 M 32x1078M b w107 0.0060 M 0.0izo M .0060 M
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2. Willa precipitate form if 50.0mL of 0.00100M CaCl is added to

50.0mL of 0.0100M Na2SO04? N .
pm——————— 2_ &C‘Q * gO
C‘LC"Q?’(‘U\) * NCL;,SOH-(,;A _ teal PO%‘S(‘&\& P?t
(Cace. ], = MiVi . (0.001p0 M)(.osoot)  [MeaSoe], = MiVi  (0.0toom)(0.0500e)
V£ 0.lo0L Ve 0.100 L
® ‘Soua"*M Z S.Ox1t0*M
Cmaz,“) i 2 Z.C.,Q,LM) f\/ﬁ.aSOq(g} 2Nty * SO%‘E«;

5.0% 104 a4 S.0xl0™M , B.ORieEM Soxip™ M.

CaSlu(sy o {M) « SO4% (oo,

5.axigv  EQxiwi M

Trt'n,k Kg‘g

st

E&&ﬁw—l [.59
(5;0:10:%22% YRR e, (rape): H1x107
x o
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’T;.ai Kg? < KSP ‘-- Pp‘t wil NQ! {:mrm
% not e.«m.au.jk tens +e ferun 'P("'%' TM‘”E Q’-&W’P L\Q‘P% (”'3’
dissolved..
3. Does a ppt. form when 25.0 mL of 1.0 x 104M Zn(NQs): is added to

450mL0f24x10-5MSF(OH)27 *KSPW“MMO”
O
:Lzr\(NDg‘),’( + Sr“(Ol-m

vy TP Se (Mo, oy B (o)
Poce‘btcpw‘b
Canluon, ], - MV (Loxot)(o.0met)  [Se(ow), ] s Mive (2o m)eoicon)
e G.0%00L Ve ® 6 .00 L
= 2.5%F 110%™ = LS43 105 M
Zafloy), — B+ 2NOTy  Selow), —— Sefi,+ 2ok
) , % : ek . -5
2,591 « 10°5 A/ 25311075 M 1845w 1075 M 3.986 x 107 M
‘ Vi :
Za (oW, T Byt L0y

2.5 "M 3.086 X 10T M
Triad KSg' = [%A}fj Eoﬁ;jz,
(?»S'-H x ko‘s)(a.o‘&& Mo'ﬁ”}?‘
3.4 « 0™ Ksp (rrBLE) = ot <1077

T—rt'a.i KSP > Ki‘?
Loeet w {?‘vrm,

3|
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Assignment 10: Type C Exercises

1. Will a precipitate form when 1.0L of 3.0 x 10*°M Zn(NQs): is added
to 1.0L of 2.0 x 10'M Na2S?

2. Will a precipitate form when 2.0L of 6.7 x 10°M SrS is added to
1.0L of 4.3 x 10*M K2504 ?

3. Will a precipitate form when 1.0L of 5.0 x 10*M MgCl: is added to
1.0L of 2.0 x 103 Na2COs ?

4. 1.0 L of 2.5 x 10”M of Fe(NOs): is mixed with 1.0 L of 1.0 x 10°M
NaOH. Will a precipitate be observed?
Extra Practice: Hebden p- 98-99 #56, 59, 62-64, 66.

XI) Type D Problems: Determining the Conc. of a Specific Ion

Precipitate just starts to form when Trial Ksp becomes minutely
greater than Ks. Theoretically speaking, no ppt. forms when Trial Ksp
= Ksp (perfectly saturated solution).

1. What is the maximum [Sr*] that can be dissolved in a 0.020M
solution of K250s without a precipitate of SrSOs forming?

' K,_%Oq_ —2 2K + SO
0.020 M ©.020 M

Srooy sy e S-"z*)dr SOk T
.Kg{; z ng’“’ Gﬁ’«f«?'”j Ksp (table) = 2.4 x (077

3)“\'1 %= [Sr“} (0.010 m)

(5] =] 13 x 1075 M |

O‘w& wmeve  oumel a ?@%‘ it @azg 4y %4%,
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(t.gx\o“")((.ox \D"')
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2. If Cu? is slowly added to a solution of 0.020M KIOs, at what [Cu2*]
does a precipitate of Cu(I0s)2 form?

Kioy, — K* + {04
G.0Z20 M 0.02.0 M

SE—— MR 2s -
Cu(10)), .,y == by © 2105y

Kse = [cu®] (o] 1 Ksp (fatie) = 6.4 107®
(LAax107% - ECUJ’*']E) 0103
2] = 5‘\ 3 xlO"JW 8,,@,45,1
3. Fe(NO:s): is slowly added to a 2.0L solution of 0.010M NazS. What

mass of Fe(NOs)2 would be required to just start precipitation of
FeS? Fe (Noa).‘._ + ?\les 3 Z I\la., M03 & E__%:SCS)

N_c;,_s — Z et e G5 mol| = MV:@,Q:&D’”M)(_Z.O L)
D-0tom 0.010 M?' FL(M%)‘ = |2 xA!{)"sé’Moi F&(Nohz
o 7 -
FE'S(Q e i:c"{u:) « S £as)

1.2 % 107 pot FL(MO?')L‘ Hqﬁrﬁ

Ksp = EFeH]_ ES?'"] Ks(: (-’ro.blc_) = b.0xip™ { Pwol

[‘:C.’lk L 0 % to-—lﬁ-M - [FE,(ND;,)—] (STOlCH‘) 1 L_ F&-(Nﬁg}z-
e 3 ), Fe* s o, '
4. Removing pollution by prec1p1tat101€1m - o
Waste water from a mining operation was found to have a [Cd%]
exceeding environmental standards. Before discharging the water
into an adjacent river, the [Cd*] had to be lowered to 1.0 x 10°M.
What [OH] would be required to bring the [Cd*] to an acceptable
level? Kop =22 x 10 for CA(OH)2 * asswe volume of pomdt kwown.

- # Woivg- Ot iows o gt Col gy
Caon),,, == <~ CA'y + 20Hey T 'j“’“”" [‘f"“ijff

L] [on]” * DGeR: 0" 4 .
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P it rp'i wi” -F&'M since T"aiﬁfsf >-‘<5f=
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Assignment 11: Type D Exercises

1. What [S*] must be present to just start precipitation of CuS from a
0.20M solution of CuCl2?

2. What [Cu?] would be required to just start precipitation of
Cu(IOs)2 from a 0.20M solution of KIOs?

3. AgNOsis added to a 0.10M solution of NaCl. What [Ag*] must be
present in order to observe a precipitate?

4. What is the maximum [SO4*] that can be present in 0.010M CaBr2
solution without a precipitate forming?

5. What [Ba?*] must be present to just start a precipitation in a 5.0 x
10*M solution of K2CrOs ?
“Extra Practice: Hebden p. 98-99 #57-58, 60, 65, 67 (*Tough* 68-69)

-~ Ruiz 2 -
XII) Hard Water " o Mere Commion. .
Hard water is caused by (o and/or Ms* ions

dissolved in water. It frequently occurs in areas‘ilch in Jimestone
(CaCOs). Ca* can be released from limestone in two ways:

1. Acid Rain ;me;agaf; \;"; L‘;;:;D e
CaCOs + 2H* = Caug + H20 + CO: 0 Coigrns E lesfond -
acid Wonsg b?ﬁ&w G wengh
2. Due to CO: dissolved in rainwater ~wpder leals -{‘Ewcuﬁt Crachs.
CaCOs) + CO2 + HO & Caug + 2HCOs + heat ¥ re-cvg stadli zation.
Two types of hard water: ‘f’:‘“ im"gf Gfiii
a) _Peambn EM T hard water contains only Ca?* and/or Mg?* |
b) _Teaifol fiR s hard water contains Ca?/Mg?* and HCOs

DISADVANTAGES OF HARD WATER: I} Bitter taste. II) Cannot use hard water with SOAPS
since the stearate ion ('soap’ ion) precipitates with Ca*/Mg2* so one would require WAY more
soap than usual (expensive) AND one would have to deal with the curd-like precipitate that
forms when either of these cations form ppt with the stearate ion,

ADVANTAGES??? I) Some people prefer the taste. II) Excellent source of useful electrolytes.
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How do you soften hard water?

Permanent hard water:

Use washing soda (Na2COgs)

Caaq + COSz'(aé) & CaCOsg) ( 31%5 rid of Ca,”)
‘Permanent’ because the only way to get rid of the offending (3512“/Mg2+
ions is to carry out a precipitation reaction. { ~§\ be Hoo ol od of +&’r’>

Temporary hard water:
Use heat to reverse the direction of the formation of
temporary hard water.
Ca*aq + 2HCOs + heat & CaCOS(s) + CO2 + HzO

The above reaction can clog pipes by production of solid calcium
carbonate causing boiler scale. (+vadu-of >

Assignment 12: Hebden p. 104 #76-80

XII) Altering the Solubility of a Salt

The amount of solid present in a saturated solution can be altered by
adding ions to the solution. Depending on the ions added, more
solid can dissolve, or more can be produced.

Decreasing Solubility (causing more solid to be _PropucEd ):
AgCly) & Agleg + Clg

By adding Ag* as AgNO:s or Cl- as NaCl, the equilibrium is driven
LEFT , resulting in more AgCly) .
This is called the  CommonN loN EFFECT
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Increasing Solubility (causing more solid tobe _ D\SS0oLVED )
AgCly & Agiag + Clg (pisseciaTeD)

By adding an ion that will precipitate out one of the product ions, the

equilibrium is driven __ R {&H T resulting in more AgCls)
dissolving. | - |
AgCly & Ag'ag + Clag
+
Sout Leah
AglbOu ¢5)
1. In which of the followmg 0.10M solutions would CaC204 be least
soluble in and most soluble in? (aCyO4py == (2% +CoO#™
NaOH, 'K}, Ca(NOg):
MosT LEAST
2. In which of the following 0.10M solutions would PbCl2 be most
soluble? Least soluble? Po(, 0, = P77+ 2427
HCl« MgClz"/ AgNO;, NHiNOs
LEAST MOST

3. In which of the following 0.10M solutions would Sr(OH)z be least
soluble in?

Sr(NOs)2 C. NaCl

B. MgS D. KBr
4. In which of the following 0.10M solutions would NaCl be most

soluble in?
A, HO ' C. NH«C1

(B)agnos "~ D. HNOs

Assignment 13: Hebden p. 108 #81-86
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