0~

C}\apm A0 €q§;,b,bru1, i Acgueous Solutons - JIT
Selubdusty Foduct

We one now qo&v\q Yo Consider Compounds ot ane only shgldﬁ/ solutle
or " nsoluble TN agueous Soldions . Quotadion. manks ate wed Sume
neanly all compounds ane soluble in water Jo Some exctent.

Ride of thumb wed by some (but dont wory afowt i) + I o compourd
dwsolpes In wokn Yo C](,Ut 0.020 moles /L i~ Soludion. , s consoloud

o e soluble. But fhere s a longe groy ana where Subshnes are
amsdered slightty Solubl.

To work with, 5{'8’“{‘1 soluble _Compownds , a Spedoﬁ- €Mbm comofand

k wed ‘e SOLUBILITY PRODUCT,

Consider Aqu :
This compound appeors on ¥e chad o~ back of exam envelope
colled SoluBILITY ProducTs . So we knaw it is nsoluble” o b

Sh&i\‘f«&{ Sohxb(ﬁ.
In as ol
WM S
Aqllw== fq @ + WG
Ke = Ksp - (ag*l{et] = I1BxI0" ot s
it

Examples of solubduly ?}oducjr eXPUSSIONS
L Allomz;e& )‘\\3*(@%3 + 3 OH-(&%)
3 |
Ksp = (AP*] (ow] = 1ax10733
2 Bi,Ss = ABYeg + 3 S @@

Kep = (BT (2T - w1



Ingowol,  M¥X, &) = n Mg+ y X ag)
Kep = (M7 [xm1

Noto: a0 “the Ksp Vame el smaller, The solid becomus less  soluble
ao the Ksp valwe qet longer, The solid becomes more soluble.

Whot doto The solubdityy expussion meam ¥ I allows us o colodaty the
concamtations of the iono ot me\. with fhe paant Solid in
ogous solutim ot 25°C, provided we knpo The Ksp value.

Ag"(a@ ) when The Sys% IS ai c%whbmm\
Uopd Solid == lons
N 0% 5 A«aCQ(s)z? Ag*m) + CL‘@,%)
W and Ksp = 18210 = [Ag*](CL]

the solution. s called SATURATED !/

How is KSP dutermuned for solids 7 The solid s put In waler at ASC

and stirred wntll solid duvolves cw much ao £ @ ﬁrmm\q a Satwaleo

© Soluton.  The molar solubdity of The solid & mesouned + Kep is *
Calenlated.  So, what Is mefan .Solu,ﬁuwl‘f 2

molar solubllity : the number of mds of a. compound “that duselve " Fo Qe
ohe lien of saturaded soludion..

Exampla: The molar solubility , s, of bonum sulfite (BaSOs) is 105xI5° M. -
\/\)l'\oi' 'lS %P of B&SO:.,?

BaSoy sy = Bo_l*(o;@ + SO0y
iT S =1.05x1075 molas x5S .05 % )0
if wonsu R et = M0 s:o y_r_‘._&, 105 s)o r_r\‘q:ey

o~ KSP = EB&1+1E3092.] = SQ- = (|'05 X lO*S’ )1 = \'l X ]O—lo
where s = Vm@mse-fnb&,iq



Example 1 One litn of a. sedmatkd solution. of banuum, phosphade (BagPOy),
Mw = GOLR gfmel) contana 394 %1079 g of BagPoy),. Colewlot
-ft\Q- KSP ‘ﬁ\ &\3 @Ot/)z.

Plom: (1) colewlote s | molw\s«)&»lrd@
(2) wrdy e Ksp expssion T s of

(3) Solue 76 Ksp.
, molis Baz(POy),  (3.99 %1579 /60L8 glmel) o
) m&az\scr(uw = Liken si\n % - 1 U :(9.55»)O;M
(@) Bay(Poy), (s) = 3 B (d@ + 2 POqs"(o%)
f s s = 3s s
olaa solub y
m%msaj'_\l»:tzf

.

: Ksp = fBo.""fEPOqB'Jl = (35)3(25)1 =)t x4s* = 108 s°
(3) Ksp = 108 (6:55x107) =(108 )(1.2) <10 )= 1.30%16™
Exa/mPh> Swen o sadurakd solution. of Mg(oh), (Ksp =1.5%107" )

(o0 Whot s the molon So{ubd@ of\M%(OH)p_.? What LSSO(MQ)J,C(I( (g/IOOmL.>? ,
(b) What ane He concontiations of'Mgl*amd OH™ and mPH in seduwackd -

soluhon -
M ohy OH- q@r every | mole of  (OH) (5) thot diaolves, we Jet
% o4 1 mole of Mtfions amd L moles of OH ions.
Ti Mg(oM), & =2 Mg (ag) + 2OH (g)
Mg (OH), 5 i§s =3wbv%ﬂ molw 35 ¢ 2s -

of Ma(oH) thot dusolve
o (o soeh)

@ Ksp=15xio" = [MP]LoH1" = (sy2s)" =H4s?

15 x1 Q™
nsde TH T 3B

€ aoumem— - .
mlon solusility , 5 = \335215% (335:6%)7 = 155810 M
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NoG : o ke the Third root on coldator (or amy rost, )

T enler 335x107 T emin 3.35x107™ T emfer 3.35+10°%
Pusk XW_‘ or Inv yx pwk yx PMk log
entr, 3 exfor I =333 pwh +,3, =
Puok = Pwk = Puoh nv ]oq

= sohubilify () = ['Ssil?;bm W SPa_, GOk - g3 o
dow.f'dwimbyloo/

OR we cam reosom 3

we Rnow, 1,55 %10 mobso of Mg (oH),, ane dussolved in | lifen soluim.

552 107° molio of Mg (OH), e dissolued in 100 ml- (=0.IL) soln.
ond g = 155¢107 Tnwleo x 58 glmet = E3X 0T g

%3 rIg—
" solubdity (%mm) = L g /oL

(b) molw selubility =5 = [Mg] = 155 16" M
2s = [oWl= 3xI10"M
POH = 3.5
pH = IH-3.50 = 1049

Comman._lon 8%

In the caleulahons we have dome S0 far , @ solid has duoolved in wadta

untild am C%ULL&)W b reacked between the solid and s dwsoled ima
What happens o the egudibrium if we ol moww of ome of TAL iono ?

Consder o sotwiaded soluhon. of magreoum flunde : Mg F; (s =2 quzz.?)* lf:(;,)
Ksp = [Mg>][FT*
Whot happens it more Mg ims or mae F 7o ana ackled 7
The equalibruim. sheflo fo The veactant side.  The cocanhatimo of ioms,
due o the dissoluhon of Mq F';_,da.om,aoes; Mql:';~ becomes less SOL(Ab(o_a»d
precipikefes ou wntil equilibrum. s reached. |
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\:/Xa,mp(o.'. Coleulote. Hhe moles of Mgf—; thot wdl dussoloe n LOO L of
(o) pure waten,  (b) 0.010 M Mg(N03); and (©) 0.0I0 M NoF.
Note: we one colemlatng molon Solubdidy . Ksp MgFy = b4 = 107

(o) \;\me waodter ¢ 'Mgpl(s) = Mq“(a@ + QF“@@
Qut = x 2x

W\oQo.ASO\u.\othr
Ksp‘-’ b4x10°Y = EMqlﬂ(F-la "'(X)CQX.)Q = 41.3 )
o LAXI0P M = el of MqFa m%mm_d fo make | L sodunated sofr

(5) O.010M Ma(NOs)t  MaR ) = Mgleg) + 4F Teg

gl SR o y+0.010 2y

N Rule of Thund
Ksp= 641070 = (Mg ™ILFT" = (34 0.00)(2y)* = (0010) 4y
sy = 4.0x107™ M = moles /L requind fo make satmated soluchon.

(c) O.010 M NaoF: MQF:LCS\ =2 Mqo‘*@u@) + 9~F-O~tg
it 2 2z + 0.010

0 Ru,\eofﬂ\umb y
Ksp= b4 =107 = [MgMICF-I™ = (2)( 2+ 0.010)* = (2)(0.00) ,
2+ LAXI0SM = mel/L w_c&»wxd tfo prepane satuatd Scluhin

Tf\exﬁ@m in o seluhn withe o comman 1on., The solubdity of The compeund
decreases dramatieally.

More Uses of the Solubdify, Preduct — Sysems with NO_solid Pr?ii‘ﬁily.

T When q\{u{e{: o soluhon. eontowning tns, o is useful fo know if o Preupu[zf&
will form.
To predict precipdatin. , we we Qsp  (Reachom Qushont - ChIF)
Considor ~ MpXy 2 n M7+ y X" Gup= (MY "X~
where cmc® ane NOT

racsusonidy The eguik . canc®



£ Qsp = Ksp ‘ﬂ\flSySrw\ s ot C%bu.mym
Tems are ﬁ/mmc] @ Ivrec(p(bda éwofao foot ao The

Gsp > Ksp the solution s supersaduwokd - the sobubdutz s %uo.dd
a precpitle will fom and wll mm%ﬁw\ 7

undil  the concantiation. of imo i e Solution,
decuecide ‘fOSacko.Po'wj' #af@sp—-Kv,D

when the sysln lsafC%WAWM

Gsp < Ksp Te solutim is wrdwn Satwiaded
ho precupctatin. udl occun,

Example:  f equal amounts of 0.010M K50y and O.10M Pb(NOs),
solutiona ore mixed, wull o precipchle }Gm\ 2

Skp 1: What could the precipdote be ¢
SO4% Pb™ asd MOs

The ioms present ane  K* i
Possible. choicas (swddw Pcvdw/w) KNOz 7 nope - is sobuble
%p =18 *)0¢

- PbSOA/ oy PrC(‘,Lpdnil 'lf Qsp > /<sp

Stp &+ Wl The solubthdly product expIession. :
Kep = 19 =107 = [Pb* I[S04*] at equdibvium

0.05¢ M

Skp3:  Caledai Qsp 4o the funall sofudion.
”Q@:‘l o ) . Sweo% eanal vobures
OI0M | lo.IOM , QSP= EP *]J-/SO" ] Zﬁchd;_'ejh%
\;SO" 4 = (0.050M)(0.005 M> Hhe concomtatm
2 - -4 each Compound
p{,'(ggfglM 2.5 % 10 %thjued ?:% 7



51€p“f : Covv\paAe Qcp unth, Ksp :
in this cave Qp> Kop - the solutin s supprsatuated amd
0. PVC&p—C,aE toul ﬁrm witld the
Coneontations of TR tons sachsfy
e Sowb«ﬁlt’ product expuession..

Asde - for (.{OM‘IMLCV‘GST  Whot e the emeonbations of Pb* and SO4*
remaihing in Solution affn Yhe syslom reached equlibruum.

= [pb* ][So,%]

l‘(sp = 1§ 1078
sme Pb .+ Sor'Zs PbSOq = (005 -x)(0.005-x)
Lo 005 ot 1% 1078 = x* - 0055z + 25 =IO
Ty 005 0B O« x%-0055x + 252107 i
X = 0685 ,0,005

Whot doto thio mean ?  That ot Q%AUL brum. , neanly all of the
S0¢* ims hawe Beon reimoved fum Selubon.. X = 0.004999

Lets solve ﬁr x
x X w
19 %10 = (0.05-0.005 )(0.005 - x) Widsse fo
= (0.045 )(0.005-x)
0.005-x = 4 x|0°7
x = 0.0049996

- concorhafino SEUL in soludon: [ PA¥] = 0.045 M
[Soy¥] = 40x10* M



20~ Demonshatim.

Exomple®

will o preceprtate fom?
& i equal omounds of 0.004M Pb(NG), and 0.00Y M KF ase mixed

will o pvcupthﬁ ﬁm\?

Slpl. What could Hhe preespdate be 7
(o) lohs present : Pb*  NOs~ No&  SO4%
possible chottes (surihh portrens) : NoNOs - nope-is sobuble
PbSOy ~ yeo
Ksp = l.?"’O-g
"ff Qsp e Ksp, o Prtuprfaﬁ. of PbSoy wdll fom

(b) 1w praend = PB* NO7 K' F-
possible choas (SMW) : K NOz - nope - s seluble foo
Pb R -y
Ksps 33 %107

qc Qsp > Ksp, a Preufwhia of PbFy ull ﬁvm
Stp 2. Wnie the solubddyy product expression.
@) f PbSOy Kip= 1.8xJ0t = [Pb2*](SO*]
(6y fu PR Kep=33x10t = [ppI[F 0

Skp 3. Coludde Qsp fn fomak selutim

© [.004 M 0.004 M (b) |o.codM| | 0.004M
ol PH(NOD, Na, S0y Pb(NO») . KF
Néle: sunea, eq ) ' ' '
volumes oag odded N e Y K
toqethn, e 0.002 M Pb(NOs), 0.002M Pb(NO),
3&”‘2“&”":&; 0.002 M Na, S04 o.002aM KF |

Qep~ (PS04 Qsp= (PL*ICF-I*
= (6.002" = (0.002)(0.000)*
= Lh‘)O%: - 8?*|O'q

Qsp> Ksp = precpotadur Qsp ¢ Ksp ** no Prtupm
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n-Class Quiz

| Wrde the sclubdidy poduct expumions for |
(@) colcum hydronide , Col(OR), (b) S@(F’Oq)a) shontwm Phcspkf&

2. Wrdi HRe obove Ksp expussionn in feums of s, the molar solubodity
3 ColowaTe the molar soldouity for Sty (Poy), . Ksp= LOxI0*
4. ¢ e_%uol volumes of “the fgllow&q soluhwo are mxed, will o Prtup&dko. -}érm?

(@) 30x10%M Nilly and b.0X10M M NoyC0, (Kip Nitoy= bbx1079)
(6) 20%10*M NaF amd 20x10M MU,  (Ksp mgry = LYx 107Y)

Answexs ¢

| @) Ksp= (Ca2*]COH- B Ksp= [SrT*[PogsT?
2 (@ ColoWys) = Co’lag) + AOH g Ksp= (s)(Qs)* = As®
s;o\mm S ds

() Sr3(Poh e = 35 Tag + 2P0¢ g Ksp= (35)° (25)* = @75 )(4s*) -

S sohabhy 3s 2s = 108 s°
3 Kep= 10%10 = 10855 (see 2 b)
s¥= 9.2bx107
s = 25x10M

Ao(a) Qsps CNMICCOFT= (LS %107 M)(30%10™ M) = 45 x107°
Qsp S Kse s NCO; does NoT Prtufwfodl

(6)  GQsps (M I(F-I*= (rox103M)(Lox102 MY = 0 x[O7*
Qsp > Hsp Mq%_ wdd P\'CCA@,L“‘OCQ.
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T Exomple {a)Whot emeonhedion of Cut is reessory fo inifoll precipriaction. from
o Solution cmi'o:m'mq 0.0015 M KoH ? KSP Cu oy = Lbx 107"
(Hint: propriohon is inifiotkd of equibibruim!!) (This s #25 in Ch20)

Culot), > =2 Cxﬁ*(a@ + Q0H(ag)

6.0015 M do NOT dogble. The Contarchiadion of

OH s what 1t is.
Ksp = 1.ox107® = (e ][oHIY = [cu(0.0015 M)*
s = x0™M M

(b) Suppose. more solid Cu (NOs)a was odded wntd (Cudt] = OOOISM
Whet weuld be [OH™] i the solutim 7 Whot B pH ? (\qnom c%uf of Cu"‘* :
cak acd
Cu(o)y 60 2 Cu'ag) + QOH ©9)
O0.0015 M !

Ksp= Loxlg™ = (Cut*Ilon-T* = (0.0015 M) Con-T?
(oH-1* = 1.0 x10™
[o#-1 = 1LOx10° M; pOH=%.00; pH= L.OD

Exomple:  If siluer ions oxe fo be romoved from seluhon by propdadim,
of AQaS, whot funol concontiahion of sulfude immo owe m%m'red Yo reduce
the Aq' emcanhahin fo 1.0 X 10" M7 Ksp Ag,S = 1.OXI0™

s
o soluble
Aq,S 6y 2 1Ag @g) + S(Ng) Sols
O®IO" D'M - NN A A A
Ksp = 1.Ox |0 = [Aq*jl Y_Sn-] Aqt in
= (Lox10™)* [S¥] k
[S*¥][- LOx107% M 7
]qus tohck tll
be removed +

As more « more ST (flom NoS)  added, more « maa AgyS Ao‘?\dw_‘g kyfam $
vtufui'am oud, but there is o ‘Hny amoumt of S* amd -
Aqt lons That are i soluhon. oF ol Fomres.



20-~10

Froctionol Preuiadnﬁm (For Tnienest Only)

Froctional precptodion. i The prowss whuwby some 1ons ore removed from
solufien. ke feauing other tons with. stmidar properfis sl in soludim.

Exomple:  If soid Nall is odded slowly fo o soluhom thot is 0.010M
eoch th Cul, Aq' and A’ which salt precipdt odes foust 7

)

G K= [owrllorT = 19«10t wle = W'ag)r Wep
Aq"  Ksp= CAglfa]- 18> 107 AqUE 2 Aq'lep)+ L (ag)
A Ksp= [AIlr]- 20x 1077 Aull(s) 2 Alﬂ@g) + e

We are adding CU ims.  Ih which sysTom doto Gisp > Kisp -F}u:t 7
ANSWER:  The sysm unth he simollest IKsp (wift most Insoluble salt)
o Au_* Pyﬁcup,d’olw omd ﬂjw‘f' oA AU.M, #\t‘m Aq*, ﬁ\(’.n C;LE
Adts CuCt

Further colodohms cam be mode :  see Examples A0-8, 20-9 in. Fext book.



