Condnu

C}\aml@bm)‘g e%udLbHa I A%ueous Soludions = o
Solubdulity Foduct _

We are now Qourg o Cansider Compounds “fhat ane only slightty solube
‘or " insoluble " in agqueous Solufions . Quotadin. manks ate wed Sinte
neanly all compounds are soluble in watn fo Some exdent.

Rue of thumb used by Some (but dond toory abowt i) ¢ If o compound
deasolpes In oL Yo qm 0.020 moles /L i~ Soludion , it s conselnd

o b soluble. But There is a loage groy ama where Substmess are
amsdered S(?M'ﬂ.’ Solubl.

To work with, sllg«hf{q soluble Compounds , Special €Mbm oot -
s wed : e SOLUBILITY PROPUCT N

Ths compound appeoas on He chod on back of exam envelope
called SolugIL(Ty PropucTs . So we krnaw it is insoluble” oy e

sha#\:t&{ solubla.

In AU Uo seludinm B
Aqlloz== hAg @ + Wy -
Ke = Kep - [Agl{t] - 18x10° atase
o
il |

Exomples of Sohd:dit( ?ﬁdud eXPUSSIMS
L Alfow;e& A\s'(a@ + 3 OH-(Q@ o

Ksp = ! [ow]g - 19 10733

1 Bi,Ss® = ABYep + 3 S @@
2 3 -
Koo = (8T (S*] - tex 0™ _



ngownal, MYy = nMlp vy X g
Kep = [MPT"[xn1

Notw: ao fhe Ksp value 9els smaller, The solid beconmus less  soluble
ao The Ksp valwe geb Janger, The solid becomes more Soluble.

What does The solubdity expussion meam ¥ I allows us o caloudaty Hhe
Conconchations of the imo ot equlibrium. with the pawnt solid i
ogieous solutim. at 25°C, prowdid we knpy The Ksp value.

m when the sys% is ai c%mubrw»\
c,o{o@ solid = lons
N A ¢ CL
g 4002 Aes - ep
m@m ard Kp = 18210 = [Ag* ][]

the solution s colled SATURATED )/

How is Kep dutamined for solids 2 The solid is put in wadec. of 45

and stirred wntll solid dwsoles as much ao E aam ﬁrnw,\qa Sadwates

- Solubsn..  The melar solublity of The sotid & measunad + Ksp 1
Colialake. S0, wohat is motan sohubulity ?

Moloa solublity : the mumber of mdis of a Compound That duselve ' o Qe
ohe lin of saturaded solufion .

EzamFla: The molar So\udoilit1 » S, of bovum sulfite (BaSO4) is L0SxI5 M, -

What s Kip of BaSOy?

Ba SOq ) == Bo_z*(o.@ + SOqQ'-@g@

T S =105x10"5 melas i S : &

© Ksp = [Ba™][504%] = s% = (los 10 ) = || xjo°
Where s = rm@msdububig
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Example : One i of oo sedmaded soludion. of banuum, phosphate (Ba POy), , _
MW= COLR Gfmel) Cotarno 394 %107 g of Bag(Poy),. Caleulots
e Ksp 76‘ Bu; (PO‘I).T

Plan: (1) Colcu.\ain.s,mofaASoMth/ | ‘ -
@) wre e ’ép expression. Th s of s -

(3) Solve 76 Ksp. i
, mols Bas(POy),  (3.94x107% /ol-8 glmol) L

0) mobmsolubdity = = gwn son T 1k “bsSHI6TM
@ BoyPoh ) = 3Baag + 2 PyPiep | -
fsis =» 3s 2s :

olan solub
m%msaid’:tp -
C%Lullbnum\.

: KSP = fBof“]?’EPOqa'Jz = (3‘5)3(525):1 =)t x4s* = |08 s°

(3 Ksp= 108 (655:07) = (108 )(121 xi0) = 1.30%16% -
Example:  Guen. o saturcded solution. of Mgon), (Ksp=15x10™" ) _
() What is The molon wﬁ*buwy ofM%(OH),_? What is solubdity (9/1me>? i

(b) What are the emcontations of Mg™ amd OH™ ard The pH in sulwicckd 5

soluhion &

M o . &r every | mole of (oK) (S) Fhat dusolves, we get )
% o4~ 1 mole of M%%iows amd L moes of OH ions. i
T‘L MQ(OH)Q_ ) = M 1’( y + 2O0H (ag) -

Mg (QH),)_(;) 'sfs = nwmber of molw = 350‘% Qs 4

of Mg(OH)y that duasoluve -
! R G k)

@ Kep=l5xio" = (M@]loH1* = (syas) =4s’.

3 1.5 x10™"

“ sT = . N = 3:!"5" ’O.m',\_:.o.?y v -
molenr ol , 5 = 355160 (335516%)7 = 155 xle M :
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NoG : o foke the third reot on Co-QLulodor(Oramy root, )
T enlen. 335x10™ T emdn 3.35x107™ T enter 3.35x107%
h XNy ’ hoy" ko

pus y ormvy pwh Yy pudh- loq

entr 3 enlr ¥ =333 pwh +,3,=

Puok = Pu.ok = Puoh v log
o solubiify -3—,“ = 155210 moles , 5% g 0.0k -39 lo"‘i

Y(l_oo L> T A e * o * 10" ToomL

do '\Of'dwibby loo /‘
OR we Cam reooom 3 '

we knew, 1,55 *10 ™ mobo of Mg (0H)y, ana dussolved in | lifen soludion.
“+1.55%107% molio of Mg (OM)2 - dissolved in 100w (=0.1L) solw.
ond Tg = 155%10" Tnolee x 58 ghmet = TR N g

3G
" solubdldy (Yhoom) - 212 g /i0omL

(b) molin selubility =s = [Mg] = 1.55x10" M
2s = [OHI= 3.Ux10MM
POH = 3.5
pH = 4= 350 = 1049

Commen, _lon Effect

In the caleulotions we have done so far , a solid has dusolved in wake

untid, ame%wbbmmn b reacked between the solid and 5 dusolued 1ma
WMMPWMMWW f we actl moe of e of TAL lono ?

Consider o setwraded soluhion of magreswum flunide : MqF; sy =2 Mg'ag) + 2Fop)
Ksp = [Mg>J[FT*
er\oi l‘\app%s rF more Mgh lone or mae Fﬁl'mrw w\mo-DHed7
The equalibruum. shefls fo the veactamt side.  The ameoniatumo of ims,
due T w\t dassoluchon. of Mq F:L, dQ.U\Q,O.DES: MqF; becomes less JoLuan»d
preevacdety ot untid equilibrum. s reached. '
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Exa.mpla.‘- Coleulote. fhe moles of MgF’a that unll dssoloe o 100 L of
(o) pua woden,  (b) 0.010 M Mg(NOs); and (¢) 0010 M NoF.
Nota: e one coleulotng molon Solubdidy.  Kep MgF = b x 107

(o) pune woder ¢ .MQF_Q_(s) = Mq“(o%) + QF “@@
v\%f!a/\x'sotdo\th( x ax

Ksp= b4 1077 = EMqat]{F'la = (I)CQI.)Q = 41.3

s LAXI0P M = el of MqFa !t%\»l\n.d fo make | L sodunaded sa(’/r:

() 0.010M Mq(NOy), * M?F-;l@ = Mg leg) + 2F Teg)
gl B y+0.010 Ay
2 Rule of Thunb .
Ksp= 6.H4x1079 = qul*][F’I s ()p 0.0\O)(Qq)a'= (c.o10)4y%
Sy = 4.0%10™ M = moles /L requind o make sotwaded Soluchan.,

() O.010 M NaF: M9 FLG) 2 Mq”@g) + QJ:‘a%
i z 2z + 0.010
» Rule ofw

Ksp= b4 <1079 = {M(‘*][F‘Il (2)( A%+ 0.00)* = (2)(0.00)"

2= L4xI0°M

f

Tﬁm—@m in o soluhim. with. o comman o, the solublity of Yhe compound
decrenses dramatically.

More Uses of the So\ubﬂtik(, Product — Sysfems with NO_solid Prc.'fue'ﬁuy.
T When quon. o solichen. containing tns, o is woeful fo know 1f o precipuhie
will -Fbrm.
To pre,did' precipdochon. |, we we Qsp  (Reachom Qushont - ChI%)
Consider ~ MpXy @2 nM" s X" Qup= [MH T X

where cme® ae NOT

mel /L vt%u.w.d to prepare satunated Soluhin

racassondly the egud. cme®.
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"F Qsp = ’(sp ‘ﬁ\CSySEm s ot C%A»L,&uum\
The ioms are ﬁ/mm«? o f&p{‘fﬂe aMfao 7@«17“04 The
sobd is dusduirg
the Soludion Is  soduakd.

Gsp > Ksp the solution is supersadwoskd - fhe solubity is exvaded
a precpitle will fom ard wil bk fm
untid  the concontiation. of lovo in e Selutim,
decrecie -bSucAo.Pm}vd Thot Qsp’-/ép.
when the syslm is ot egudibrivm.

Gsp < Ksp e soludim is wrdir Satunoded
ho precyputatin. wll occun.

Examplo: If equal amounts of 0.00M KySOy amd O.10M Pb(No),
soluhana ote mixed, will o precipciale fom ? )

Skp 1 What could the precpdati be ¢
The iops present o Kt S04% Pb™ awd NOS

Posg(b(Q_ chotcas (swddwm, Po.d*,w) KNOs ’ hope - is Sobutle :

%P = }? 2 )0—8
PbSC)q moy mem .lf: Qsp > Ksp

Stp 2 Wnde Me solubdity product expiession
Kep = 19 10% = [Pb™J[S04"] at equdibrium

Sep3:  Caledale Qsp fo the funol sofution.

" Sunee equal roluwres |
el B g [eeIlso] e et et
SIA = (0.050M)(0.008 M) Hhe coneonttatum -

of each compourd

KySOy )
. 25 v }
%(8815):.M * 10 s halued in the
0.054 M fool sobuture.

]



LA

SpH : Compae Qup with Ksp
n Thus cove Qsp > Kep - the solution 8 supersatuoded and
o preapctle will form witid the
Concontations of e lons sotsfy
the solubdity product expussion. -

Aside - Br yom iferest + What o the conconhiations of Pb™ and S04*
remaining i Solution affn the syslom reached equdlibruwm.

Ksp = 18107 = [pb2 J[So,%] )

sima Po o+ Sov¥s PhSO, - (0.05 - x)(0.005 - x) -

S e L9x 1078 = x* - 0055z + 25 =)0
tty 0.05x 0.005-X O = %2 0055 + 2.5 * )0 solwe by -
X = 005, 0,005 ]

What does Thic mean ?  That ot QMBM, neaaly all of the
S0¢* ims  hawe Beon revmoved ‘ﬁdm Solufon. = X = 0.004999 . -
lets solve ﬁr x . P
18 %07 = (0.05-0.005 )(0.005 - x) wide fo
= (0.045 )(0.005-x)
0.005-x = 4 x[07*
x = 0.0049996

-t concorhotione st n soludon: [ PER] = 0Q.045 M -
: [Soy*] = 4O0x10* M -
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Exompla:
@ H equal amowds of 0.00¢ M Pb (N0, and 0.0094 NaySOy are mixed

will o preccpitode fom?
® if equal amounds of 0.004M Pb(Ns), and 000 M KF ane mixed

will a pvtupljruﬁ, ﬁ»m ?

Stp 1. What could e prespdnte be 7
(0D lohs present : Pb2* NOs~ No& Sou%
possible chotiu CSw{fd\PM}rww>= NaNOs - nope-is soluble
PbSOy ~ e
Kp=18x10%
"'f)c QSP e Ksp, a Prtuplh'ﬁ. of PBSO</ Lu\ﬂ.ﬁ\m\

(b) 1o pramt = Pb* NO7 K' F-
possible choces (SMW} : K NO3 - nope - 1 Soluble foo
Pb R -yw
Ksp= 33107

+1f Qsp > Ksp, o precputie of PbFy will fnm\

Stp 2. Wrt the solubdity product expressiom.
@ f Pusor M- 1810 - [0S0
(b) 'F“- PbFa. }Qp=3.-7~x)0‘9 - [pbu][FJQ |

Skp3. Colulde Qsp fn fomal solutim

© [ 0.004 M 0.004 M () |o.coum| | o.0o04M
Pb(NOt):.r Nay S0y Pb(NOD).L_ KF _
h: v

olg: Smea & \ml
r‘jo‘&‘w oA cgd&.d \ 'd
Togethn, e ‘o.ooa. M P\o(NO.A,_I lo.ooa.M Pb(No;),,l
3&2‘&"}; f 0.002 M Na,S0q 0.02M KF |
Gep~ (Po**I(S0¢¥] Qsp= PLCF-I%
= (6.0 = (o.00)(0.0000*
= Hxjo = §xi07

Qsp> Kep  » precapotadur. Qsp ¢ Ksp “ no ?rtup&a}m\
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In-Class Quiz

| Wrde fhe sclublity poduct expumims for |
(@) colcum hydeonide, Co(OH), (b) S@,(F’Oq);_, shontwm, Phcspl\of&

2. Wrde the above Ksp exprassions i feums of s, the molar solubdit

3 Coleulot the molax solubuidy for St3(POg), . Ksp= 10107

4, lf (%uol volumes of Yhe ﬁllowh\q soluhms are maxed, will o PrtUpL+a'tL ﬁrm?
@ 30%15%M Nilly and b0xI0™ M NoyC0; (Kp nitoy= bibx1079)
() 20%10* M NaF oamd 20xI0FM Mqll,  (Ksp mgra = GYx 107Y)

Answexs
| @) Ksp= [Co2*]COH-T2 ® Ksp: [GrI°[PogT*

2 (@) CaloW,6) = CazZag) + QOH.@%) %P= (s)(2s)* = AHs®
S

s= molor as

So\u.b\.\.'ch.l
®) Sra(Poh® = 35 ep + 2P0/ g Ksp=(3s) ()" = Q75 J(4s*)
NS 3s 9s - 108 s°
3 Ksp= 1.OX10% = 10855  (see 2b)

s¥= q.2bx 107
25 %10t M

Y

£ (@) Qep= CNICCOFT= (15107 MY(304107 M) = 4.5 %107
Qsp < KS(’ s NiC0; does NoT Pre,(u.f;dcitl

) Qsp= [M*I(F-T*= (10x 102M)(1LO 10 MY = .0~ [O7
Qsp » Rsp  "Mqfy will precipitols .
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T Exampl (a)Whot canconhechon of Cut is recessory to indoll precsprtochon. from
o soludion ccm’mln'mq 0.001s M KoH?  Ksp CuloWy = Lbx 10"
(Hint: preupriahion is intoded ot e%uklibniw\’.!) (This is #25 im Ch20)

Culow), > =2 ',CL,L;*@@ + A0HTep)

0-0015 ™M iy NOT doub. The concamhadim of

O™ IS whod 1t 15,

Ksp = 1.ox1o-® = Cau]ONT® = [cur+](0.0015 M)
= feu®= 2ix10™ M

(b) Suppose more solid Cu(NOs)a wao odded wntd (Cu*]= 0.0015 M,
Whaot would be (OHT in the soludim 2 Whet © pH ? (ignore cﬁuf of C;ﬁ*)
o weak acd
Culoi)y 6> 2 '@ + 20H g
0.0015 M ?

Ksp = 1bx10™ = (Cut*Ilou-T* = (0.c015 M) ConT?
(oH-]* = 1.0 =107
[oH-] = LOX10° M; pOH=%.00; pH= b0O

EXO/W\P\Q,‘- l(: silver 1ons axe o be removed 'ﬁum soluhion by p\lcmdvsﬁm,
of AqaS, whak ﬁml. coneamhoahon of Sulfde ions are requured to reduce
the Aq* emcmhohim to 1.0 x 102 M?  Ksp Ag,S = 1.0xI0™

s¥
r - cluble,
AqS Y 2 1A @) + S“@Q) | s
LOMO.&M ? ’ NN A A A ALY
Ksp= 10x 107 = (Aq']*[s*] Aa* s
= (Lox10™)* [S*] 2
[s*]- 10x107 M o
1AqaS whek woll
be removed +

As more ¢ more ST (’fiom Na.§) odded, more « mae Ag,S éoq\dwil '::om %
Woﬂ» oud, but there is a‘f'my amoumt of S* and
Aq1r Tons ~f't\od’cvﬂt’. i~ soluhon. of ald s,
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Fractionod Pr&(‘):p»hﬁm (For Tnkerest Only)

Froctional Prto-p.d'o.ﬁm i€ the proeass whneby some lons owe. emoved -ﬁum
soluhon  wohide l&aul'nq sther tons with, stmidar propexfies stld in soludim .

Example:  If sotid Nall is odded slowly fo a sclwhm fhok is 0.010M
each in Cul, A" and Au'|  wohich solt precapdt odeo foust 7

Cu’ Ksp = (eIl = 19x )0t | Culey = &J(o.g) + u-(oze)
AQ K= CAgllar]- 18= 10 AUE 2 A"+ L (ap)
A Ksp= [AIf]= 20x107° Aullr 2 Ax'ep)+ Uep

We are addig CC ins.  In which sysTom doto Qsp ™ Ksp foust 7
ANSWER:  The syslom. unth. the smaklest Isp (witk. most msoluble sakt)
~ At precpatales oud ﬁw’r oo Aull, them Aq", then %+

Aqtl Cult

Futher coladohimo cam be mode : ~—-~/\‘_%H\ o

— ———-“__\.? L




