Chemistry II K, Packet Name: p. Seat #
1. Fill out the chart: (the first compound is done as an example)

Compound Ionization Equation Ksp Expression Ksp in terms of x

Zn(OH),  Zn(OH)y <> Zn*2 + 2 OH-! Kgp= [Zn+2][OH-112 Kgp= X(2x)2 = 4x3

AgCl Aa CL 1'*"" C,Q" [M‘"][UJ X-x= r_r
womy Allod); == A" - 3607 [t x(30% [ 27x
i, Cafe = G** + 28~ [co®)(F]* x(zx)? =|4x?
AgyCO;3 A?‘-’-[O‘: Y QA"I‘H* CO{z L’A‘r‘ 2[(_-0 ﬂ (2%)2-()() . -
poom), Pb[OH)y = Pb'"'}-f o [P*][on % (yx)* ‘E

2. Silver chromate (AgyCrOyg), has a Ksp of 3.3 x 10-12.
a. Calculate the molar solubility of silver chromate into water.
d The moler Soluh iy s

A’gicrol}(g -Z'? 2 'Aa-:‘q)‘* C(‘O.;:q) . 00009 Y M
e ) qUx|p> moles Ay, CrOy
lop= T Lroi®]» @ndx = s NP Lo b,

Esp= Hx* > 43=10"* x = 000004379 M « 9.4x|D M

il

b. What are the concentrations of sﬂver ion, and of chromate ion, in a saturated solution of silver chromate?

‘L’cmu“] > x=.00000a4 M| [Ag*]" 2x= .opoig7e
: Lfﬂa*‘]" 00019 ﬁ;

3. Calcium phosphate (Caz(POy);) has a Ksp of 2.0 x 10-29.
a. Calculate the molar solublllty of calcium phosphate into water.

Caglm#)z = 30> 2. POy %aq)
3x 2%

Ksp = Caar]’LPoy?]* = 20507 B
(3x)*(2x)* = Jpg x®= 2071077~

b. What are the concentrations of calcium ion, and of phosphate ion, in a saturated sol gggn of calcium
phosphate?

[at]= 3x = 3(3.59 <) 57M) 7 |20 x5t M 8 D
C?Oq'f_\ 2.7 2(3.13%x|07? M) /4)(10"‘,” PDq

X = 7.133X|D°TM
ol solich, Ik, of Gosl70)
'S R X |0°FM

-




4. The solubility of magnesium fluoride in water is 0.13 grams per liter.
a. What is the formula for magnesium fluoride? M4F2
b. Calculate the molar solubility of magnesium fluoridénto water.

)
(0’3 9 Mgk ){él’me ) = 0.00208bb molw MgFz

Liter el Lo,

So the “moler Solubility” of MgFe FSlo-OO_ZLM {

c. Calculate Ksp of magnesium fluoride.
——9 -+2 -l
Mjfz(s)e——— G any* ZFM”

0020066 M 2(-002086b)

o
<0DHIFZAZ M

KSP’ [M?‘*?][F’ i~ (0020%6)[00:.“732) = 3.43% 57
ksp 3éx]D

5. The maximum mass of magnesium phosphate able to dissolve into 4.00 liters of solution is 4.12 milligrams.
a. What is the formula for magnesium phosphate?
b. Calculate the molar solubility of magnesium phosphate’into water.

Imple _
(#.12 M])(’Doomf)(ié‘?..?';ﬁf ") = 0-000015674 molea-

000056 71moly  _ 5 ppp0039185 M ——»} 5’.92x/0"’/v]}
H.00 L

c. Calculate Ksp of magnesium phosphate.

Myg (POy)y 0 &= 3Mg* ey * 2 PD"-faq)

(3.6::35/"\,14‘3\_:%@,,), ) Bt - 1175 X10% M Mg

| mole Mg3 (D),

3 -
[3.4185 X107 moke mtm%)(%mo 7.5369%I107°M PDy3

Ksp= Ty L 20y = (1i7m50% ) (Zs3tmD)*
Lo = 9936 %1076 ~> [q.48 x/p* |




6. Two saturated solutions of magnesium phosphate are prepared, both at room temperature.
One has a volume of 10 mL, and one has a volume of 200 mL.

Circle the correct answer for each question: Both sp Ju hona are
a. Which solution has a higher concentration (molarity)? Sa-}ura '.( So m

the 10 mL one the 200 mL one they have equal molarities molar ‘hh& S hlh-l d b(

2quAb. [QSP = Kep)

b. Which solution contains more mass of solute?

the 10 mL one the 200 mL one they contain equal solute masses

#12?5»2 = (Volume in Lites )("’10"”17(”'{1(})

The MDIWH’.@ are €7kﬂe but Fhe 200mL Solution hoa
20% Hhe volume, sp 20% g4 many moley rif splute,

D “"&M 20 x MQS.’"PS’DI‘*%

7. AgCl has a Ksp of 18 x 10°°,
A solution with a volume of 75 mL contains silver chloride dissolved at a concentration of 0.0000134 M.
No solid is present. Assume that everything is at room temperature throughout this problem.

a. Is this solution saturated? Justlfy your answer’ \ﬁﬁ maLﬁS) é_j )+ (10 49) R
> m | K n D] I asp= caglice) |
1.8 x1p-1° = %2 & OR-—* = (_ooww)(mgq)_
X =.000134M, which § = | gpx (5 |
| Mmathhes the ’: ven “ GRS

| >
4 cwcen'lmﬁl\/b So Y€ ‘fL__ Mﬁgﬁﬂz‘;@d

b. Suppose that distilled water is added to o the original solutlon so that the total volume of solution is 150mL.
The new solution is stirred so that it is uniform throughout.

Which solution is/was more concentrated? The Same & r-p mp les

the 150 mL one they are equally concentrated 0-{ '4? U ae now~

Y imhe hw
Which solution is/was more dilute? SP {M 0“7‘ I te

1he vo lume, svthe
the 75 mL one the 150 mL one they are equally dilute
New malwrhy finthe ISOmL)

E 0 0 § 9 \
Which solution contained/contains more mass of solute? IS M I,F as l a as ‘f"\ e

the 75 mL one the 150 mL one they contain equal masses of solute \ O\ |‘ 9| w Mbwl'-y .

Inthe 75 mL Slihm, CAT']:‘ Cct7] = 00000134 M

Inthe 15D ML soln, [Ag]= [ced = L cooooi) = . poooos? M
(Sine no solid Was pteSent, the
mixive is unable Jo reestablish equilibnum ., |£ sohd hact

beenprsent, e rmwmld it n'gnty” meating that some
Ag (L) W/W daséolve. Unhl Qsp> KJ.P 0\9‘“’)3 J




8. Calcium sulfate has the formula CaSQO,.
a. Write the chemical equation for this compound dissolving into water, with phase subscripts.
(similar to the “ionization equation” format in problem 1.)

] S —+2 ~2
LCaSO‘-/(;) <——— Ca" gy * 504(4‘?)

A large amount of solid CaSO, is added to water, and stirred in so that the calcium sulfate dissolves as much as
possible. At least 90% of the CaSO4 remains as undissolved solid, and settles to the bottom of the container.
The aqueous part of the solution has a volume of 500. mL.

b. Is the solution saturated? no
Explain how you can tell based on thefifo given so far.

‘| - L] ‘
The SOy “diger|ves 4o much as possible.

c. In the solution, the calcium ion and sulfate ion are each dissolved at a concentration of 0.0030 M.
Calculate Ksp of calcium sulfate.

Ksp> CcatJ[504] = (0030} (003D) = | 9.0%1 07

For d-f, Suppose you add another 500. mL of water, so that the total aqueous solution volume is 1000. mL.
d. What would be the immediate effect on the concentrations of calcium and sulfate ion, before the Ksp

reaction has had a chance to reestablish equilibrium? (what will the new concentrations be?)
Imagine that the 1000 mL mixes instantly throughout before the reaction has any chance to “ respond.”

MV.i= M2V, [003dm)(s00.mL) = M2 (1000.mL)
Mo = 0015 M

(Sinte Yo volupe dowbles, botn molarhes wjf
cutinhalf , to .00IS M.

e. What will be the concentration of calcium and sulfate ion once equlhbrlum has been reestablished?

More CaSOycq Con dissolve uahl the (a** and Soy™*

yetan Jo their -eéjwl‘bﬂ“ﬂ/l \/M |
f 0.0030M . [mﬁ‘] (S0 = ooozom

f. How did the mass of solid calcium sulfate change, as equilibrium was reestablished?

it decreased, snwe Seme i€ oiss»Ived .




9. At 15°C, the Ksp of Lead(I)iodide is 7.47 x 10-9.

At 25°C, the Ksp of Lead(Il) iodide is 1.4 x 10-8. L

Vv
a. Determine the mass of lead (II) iodide that can dissolve into 200. of water, at 25°C.

PbT ) <= Phtlagr 2T 4y X< .001SI8M Pb** (4PbT,)

T. 0 o
C. +X +2X D00IS 1€ mile AT, 46!.0:1
E. X 2x L ){02&‘%)/ mole )

Ksp> [ph+2][TT"= X(2)"= Hx? s1yx1p8 = A 0.4 gmms PLIZJ
b. Determine the mass of lead iodide that can dissolve into 200. mL of 0.50 Molar K1, at 25°C.
PbIys) € PbYugy+ 2T ) 5.6x107% male PbT, can Aigsclve

y ) 0.50 m p& UKt soin.
c + A +2X -

_— _— g.lengoleP.bI p200L)/ Yb).0l
: < (StnionleTs) p2co) il

—

Kep> [P*IT) = x (so+2x) = Lux) ot

= -6
asSSume 2y L& 050 5163 x1p '7)
x (50)*= Luyxp~¥

7 =
l 5.2 x]b"j cadzsslve r
x=56x]07¢m —

¢. Determine the mass of lead iodide that can dissolve into 200. mL of 0.50 M lead (II) nitrate, at 25°C.

AT, 0 —2 Pbi .+ 2T7 %= 9.3¢Fxp5M
205) ¢— (hg) )

5
T, o5omM O X10, PV, L4616
c s 27 (?.3‘?\/:'\0 - 2)(0.LDOL)( m—’jole )
e Ix -

050 +x Zx

Ksp = C#ICT]? = (5092500 = 1.t 08
ASSume x << 05p (0s0)(2x)* = LY XIO-?

d. Based on the Ksp values at 15°C and 25°C, o
does lead iodide have a positive or negative heat of solution, AHsolution? I'hVQ
When lead iodide dissolves into water, does this process absorb or release heat]__ O S/

(Sinee Keq \NUEWW as Hmp inCleg000, Diigdals ¥ (€-dD)

e. Discuss the results to 9a vs 9b vs 9¢c. Include an explanation of the “common ion effect.”

In a, & loggr amt rf Solid can Aisolve because no "common /s
ﬂa,{ffad.y :Pff’.f&\f inSsluhon. Butin (b) and Cc)/ (€SS solid can 0{,)5(0)?5
because T+ or Ph** fonS al€ alieaky presentin Solution. (Ppt+edd”
e \Commm Yws" 311h Pz ) Since (7] ad C1] multiply o & Coslal

Valve (Ksp) af equilibaum, IF+he luhsr Gl eady contasns oe st Hase
3 mpnmr ,‘i«.wu( natre jo decrease 1n Uorv-entahear o Qspto equallsp.



10. Cerium iodate, Ce(103)3, has a Ksp of 3.2 x 10-10
a. Determine how many moles of cerium iodate can dissolve into 2.00 liters of water.
Mg@ (2.00L)

-] (.00|855‘*
Ce (L0237 = Ce*2ypy+ 3 T3,
X 3)(

Ksp = Cce®dlTos = %(3x)3 = 3.2x07°
l?—x"t o 3.7_&;0'\@
X = . OpIg55+ M

b. Determine how many moles of cerium iodate can dissolve into 2.00 liters of 1.50 Molar NalOj.

—_— - 3 = -iD
Ce (TO3)3 = Ce™%ayy* 3 TO3 p) s, 3'7}10.. M
X T a4y x| 0

T, O .50 M
E, X — (o481 %10 ),.__[_f = 1
—q Y
-3 2= 32x0m) F(LIXI0
- Cee¥lCTOT X (1.5p +3x) |es Le(Ton);3
Ksp> (ce”] ) asSSume  Bx L4150 Cin dissslve J

c. Determine how many moles of cerium iodate can dissolve into 2.00 liters of 1.50 Molar Cerium nitrate,

Ce(NO3)3. N =3, -6 - 3
Ce(TO; 22 Ce3 +3Tos"  Kop = 320 = (15000(%)
T, 1.SOM (o) asSume X 44150
= )
C. B —é}“" 3.2 00 =0 50) C%x) )
E- 150 +X 3% X = .0001992 Mo%A
{ boo1992 mele) (2.p0L) = - 000398 )
11. Calcium oxalate, CaCyOy, has a Ksp of 2.6 x 10-9. 000 m qu‘....—

a. If a solution contains 0.000012 moles Ca+2 per liter, and 0.00038 moles CyO4-2 per liter, will a calcium meuﬁ

oxalate precipitate form?

CoCabcey == C8 gy + C20% wag)

] . XS0
. +2|1CC 0 2| = (a 00002 M )( OOOBSM) =
@S_p Eca' .][ 2U4% J e O_‘-' > 2.4 *'O_c' |!l &SP > KSP So ﬁ’?

b. 100. mL of 0.00008 M Ca(NQ3), are mixed with 100. mL o.f 0.00008 M Na2C20‘4._Wi11 a calcium 0::{.:31-_51?6l Pf_é;fy)w‘,\) .
precipitate form? ( ASSuLML \/iﬁumd NE agdiNe, So ¥l V= 200.mL N nns

MM, = M2V,
(6.00009M)(100.m)= Mz (200.mL)
Mg = pooodt M Cal(NO3), o Ca™*

The (] whll aldbe .0000H M
atrdiluhn bymmmemm%.

Qsp= (.00OD)(0000H )
&Sf =l bx|0 1

Qsp 4 Ksp
(1.651';-4) (z,exlo"')

So 4_;0,, afﬁhgpﬁ_@m:




12. Silver Chromate, AgyCrOy, has a Ksp of 1.7 x 10-12,
If 0.000010 moles of silver chromate are stirred into 100. mL water, will all of the silver chromate i} be able

to dissolve? ﬁ
> tep

. o.000DIomele - o ppoI6 M Ag,CrO Bs
S oL 204 by 0axg™
So [Ay-ujz. 92 (.oo0lOM)= .DOOID ML so ND, H'uzefﬁ
lve
['Cro“'-l.‘] = [(.DDOIDM) = o000 M Au 'UKSD .
Qsp= [Ag*]TCroy?] = (oovao Y (-000i0) = ‘r‘-oxio‘”j
13. Magnesium hydroxide has a Ksp of 1.6 x 10-12.

a. If the concentration of magnesium ion is 0.10 Molar, What is the maximum concentration of hydroxide that
can be present in solution, without causing precipitation?

Mgl oH)25) = Mjﬂtm)* 2087 ap
Kcrz [yyﬂ](oH:]?- L6x|p-1?= (.10 )(oH]? Y "/oOXIO"f,l

b. If it essential to keep magnesium ion dissolved in a solution, should the solution be kept at high pH or low
PH.adWhy? 7o Yooy MgH- Aissolved, we reed to Eeép [oH-] [ow,
sothat Qsp < Kep. (oH-] is lowe inaadkc pH, sowe
neeql to ph low,
14. Solutions containing silver nitrate or gold nitrate must be made with distilled or deionized water, because

silver ion and gold ion can both precipitate with the chloride ions in tapwater. Given the following data:
AuCl Ksp=2.0x10-13 AuCl; Ksp=3.2x10-25 AgCl Ksp=1.8x 10-10

o formin 2 selution.cf0.0
Ceed= 2.0x107'M

a. Determine the minimum chloride concentration that would cause a precipitate t

Molar Gold (I) nitrate. -13 = -
olar Gold (I) nitrate 2.0"'0‘3 -l.DlO)CC\_]

s -+ s
KSP * [Aun _]ECI _]
b. Determine the minimum chloride concentration that would cause a precipitate to form in a solution of 0.010

Molar Gold (IIT) nitrate. ]3 3.27‘1 D,zg' - [ o1 O) ECQ-J 3

Ksp = Cau*?]CCL"
I\:w] = 3.02/DF M f

c. Suppose that a 0.010 M silver nitrate solution is slowly added to a solution 0.00020 M solution of NaCl.
The silver nitrate solution is added 1 drop at a time into 1250 mL of the 0.00020M NaCl solution.

Assume that the solution mixes instantly after each drop is added.
What volume of silver nitrate, in mL, must be added for precipitation to begin? if 1 mL is equivalent to about

20 drops of solution, how many drops of solution must be added for precipition to begin?
Vs [ag1lce] MV = M2V
1.9%107° =(ag*'](00020) (.o10 MOV, = (a.0%1 07 m)( 1250 mL )

f’*ﬂ*‘] = 9.0x107TM Vi= 0.1125 mL

1& Chg+] is lorger Thin .00 (7 m L?M are necessory |
aftr b, o pptwill-frm. of shightly moreFhinThict )

A W
(-\\2smlL) (-7;%.%'; ) = 2325 A\an(ﬂ.lla. 2 ’)]




15. Calculate the concentration of calcium ion and of fluoride ion, if 50.0 mL of 0.050 M Ca(NO3), are mixed

with 50.0 mL of 0.15 M NaF. Ksp of CaF;is 3.4 x 10-11, 50 DmL + E'D.DML" \,DDADML .
(0500 L)X-050M) = 0.0025 moles (esSuming Vo lumes
(.O 500 L) (D-|SM) =.00%5 Mblw e I\M-hve a)
Ca (NO2: . 2 Nafm—;’ CaFasyPNal0y,,,
(a4 —
o e =
r .0015 o075 & 4 -
e -ob1S  -2(0018) 0015 +2(0015) (aat] =
:—-“" —— S i D050 [F.—] =
[ D25 0015 ' .

e

0015 moles - 0.015 M MaFl So (F'J =.026 M

O.\oo0 L z}C Jz
KS = CCﬂ*— F- = - H
= Catt v LF P 3.4 % O
C&F’LlS) « Ct aq) i'o O;:) X (.015 + 2‘) 2 _ 2. 4x| D.u
ja :
. X = 42x ”‘““M: 2x L4015
E. b4 .025+ 21x X(.Oig) s S.q.x, O-\l

- ~g
X =S4 X|D°M
16. Scandium fluoride, ScF3, has a Ksp of 4.2 x 10-18,
a. Calculate the concentration of scandium ion and of fluoride ion if 100.0 mL 0.30 M scandium nitrate react

with 200. mL of 0.30 Molar potassium fluoride. 200.mL + \bO.OML= 300.mL

©.1000L)(0 30 M) = 0.030 moles
(Or00L)@3DM) = 0.060 mbdles—

Sc(NO2);3ag, +3 Kqu)"> ScFa* 3 ¥NO3ag

I ©0.0% 060 who cores?)
c 020 —.060 no 6ne.
E D10 o WD oNE CAres.

olomole = 0333 M, so [sc+2] =0.033 M

0.%00L :
1 Ksp = (se2(F ] 8
gCFus) ? Sc—*gtaﬂ i 3 F ldq‘) (_03534-;;)(3;&) 324220
p ™ . 0333 @ asSume @%@ x Lt 0.0%%3
X +3x _
C' L3 — (.0533)63x)3 = “" .’Lxl o ‘2
e 0333 +X 3%

X = 1631 #10° M
[F-1=3x = 5.0x|p* M



16, cont’d Scandium fluoride, ScF3, has a Ksp of 4.2 x 10-18,
b. Calculate the concentration of scandium ion and of fluoride ion if 100.0 mL 0.20 M scandium nitrate react
with 200. mL of 0.30 Molar potassium fluoride.

(0.1000L Y 0.20M) = 0.020 moles Sc(NO3k
(0~200L)(0.30M) > 0.060 molesa KF

Sc(t\]@z); -+ 3]1-1:(“6)—% Scka + 3\4M03m1)

I ,D?,O !OEDO ’
c —o10 ~.060 o /A/,memdii;zfz

F /
/\o'izt;ft leff, so no commal i eftecd
wIII oclw .
ScFa0) T2 Schy+ 3 Fla
X Ix

Ksp: [ScH][FI? = %x(3x)3 = 4axp™
23 Y% T 4% 07
L= M?E%K:o‘g/v]

&

L’Sdbj X = 2.0%/0°M
EFJ'_BX 607(}05“4.

e




Compound Ksp
Ba(OH), 5x10-3

BaSOy 1.1x10-10
Mg(OH), 1.8 x 10-11
MgSOy4 very soluble

17. Dilute solutions of magnesium sulfate and barium hydroxide are mixed:
300. mL of 0.00020 M MgSO4 were mixed with 100. mL of 0.00020 M Ba(OH),.

a. Write the double replacement reaction between barium hydroxide and magnesium sulfate.
(you’ll add phase subscripts to the products after you do part (d).

BQ(OH)ZCAQ)-l— Mgs‘owaﬂ)——% B&SOLL(S)"' /{/leoH)q.(qq)

b. Verify that the original barium hydroxide solution was below the solubility limit./\
(Is 0.00020 M a possible concentration for this compound?) 6

qured 1hes w;l5
CBat2]< .00020M T ot (@) belwd
Cok-]= 2(00020M)= -00DHOM

Qsp = [Ba*lon]* = (00020X D00ID)* = B.2x 5"

* = + be dusslve
| Gsp (32x10) <« Kap (571072) 5o Y& 4T LA dathehin

¢. Find the concentration of all four ions in solution: after diluting to the total volume of 400. mL, but before
any precipitation occurs. (so, find the concentration of magnesium ion, sulfate ion, barium ion, and hydroxide

ion) 3p0.mL+ 100. ML= Y00. mL +¥al Solution Volume

MV, = M2V 2(00w‘50)
M30y 2 (:00020M) (300.mL) = M2(400.mL) " =.000lD

Mg = 0.0ppiIsMm v ][MQ*L] = C S‘O..,"-J = -000I5 M )

[con-1=.00010 M |

BaloM)y: (.00020M)(100.1 Qij\_/\_zmo.m

— ————
p——

ML= 0.000050 M Soll:Ba*ﬂ= -0000S0M,
|
d. Which precipitate, if any, will form? Once you figure this out, add subscripts to the rxn in (a).

Need 4o Compate Qsp P Fsp T BaSOy andd Mg(ony),
Bastyt Qep= LBa*[S04%] =(C 000050) (0p0iS) = 7.5x) 57
[ Osp(35x107) > Ksp (®1.1x10") so BaSOy prw:'llﬁrm

Mgle), 2 Qup= [MG™)[6HT> = /0001 X .po010)% = /.S %107

[ Qep (ISHO™) £ Kgp (1:3x107") 50 MgloH), will sy |
| 550 Ived .




18. Lead II carbonate (PbCO,) has a Ksp of 7.4 x 10™ . It has a positive AHsolution.

Suppose that 100 grams of lead II carbonate are added to water in a beaker, and stirred so that it can dissolve as
much as possible (to form a “saturated” solution). Most of the solid remains undissolved, at the bottom of the
beaker. The total solution volume (not including the volume of the solid at the bottom) is 400. mL.

If the following changes are made, how will the aqueous concentration of lead II ion be affected, once
equilibrium has been reestablished? Assume that temperature is constant unless otherwise noted.

(increase, decrease, or no change)

PhC0sig == Ph¥igy + COs%y Kep= (P6"(C05"

no Wﬂgﬁo mL of distilled water are added. _
Sine eqm s reesiablshed [pp+?] o ECD?’E]
will be Same as be fore adding tz2.

'ln réas €:ome solid lead 11 njtra.te is adged, and it dissolves
The rxn will Shift et +o use up some Ph*? sk smo (g2

ik [P5E) will shil he Wig htr +hon befue addingrt. *

dg CY €A .8C. some solid potassium carbonate is added, and it dissolves . Ff‘
pddung CO5* meansthe rn S Wifts lefT,

uSI1Ng np SIM P Lis

d 45¢ f&e The solution is cooled down; temp decreases by about 10°C
since OHspln 1S Pogrh'\/t (gwenabde), PbLCO3

(s Jess spluble at lowe -H?M,O'l so[Ph*Y and [603‘_2}
AD d?\ﬂﬂﬁ?zo grams of the solid lead II carbonate are removed. 00]” bb% dedM '
still @ equulibrivm witn 121 Pyt (o372 molanty

\
INACASE  sitric acid (HNO,) is added.

The nitric acid reacts with some of the carbonate according to the following:
2H" o + CO%y —> Hy0p+COyy

al- CO5* 1S ConSumed, +he fxn shitts right,
making moe Pot
&ha me of the water from the solution evaporates while sitting out over several days.
St i eStbUIREs equils brng agan,
[Ph+2) and (O3] oll be Same ao betoe.

Vlm! % More solid lead II carbonate are added to the beaker j\
Same Qxplana i g

.Ln tr £ Mcme solid cadmium nitrate (Cd(NQ,),) is added. The cadmium nitrate dissolves, and then
the Cd*? ions ions react with some of the carbonate ions to form a CdCO, precipitate.

smcg C03%agq) i MMM the xn Ll
SMEE YA, so [Pb™ will incresse.



MgFy(s) = Mg*(aq) + 2 F(aq) (AP 199Y)

In a saturated solution of MgF, at 18° C, the concentration of Mg?* is 1.21 x 10~ molar. The equilibrium is
0 -____._—-—'—'_-'
represented by the equation above.

@) ad(b)

oé
Qﬁ Calculate the equilibrium concentration of Mg* in 1.000 liter o saturated MgF, solution at 18° C to iy ()
which 0.100 mole of solid KF has been added. The KF disgefves completely. Assume the volume change Of!)
is negligible. 3

€ Ksp> (Mg ][F-1]"

¢

M Write the expression for the solubility-product constant, Kp, and caldulate its value at 18° C.

gwen: [Mi-n~]= 00121 M {a 4 Satd soln

[F]= 2(.00121M) = .00242 M

¥sp = (.oo\zl)(.ooztn)1L (7.086 ¥ |09 pefore r‘ou,d,my)

¥l

() [F)> .100mole . 000 M
(.oo0L

Mg Fai — MGt LF g

TI. O O.100
C. +X i
E. X .100 *2x%

Ksp= ¥ (100+1x)* = 7.08bx) 5"
aSSume Zx &L L |po

x (.\00)*= 7.08b x |p

¥= 7.086 % lD':'L

[M5+1.J -] '.;) X ID-;M



MEFi(s) == Mg"(ag) + 2Elag)—— (AP 199Y)

In a saturated solution of MgF, at 18° C, the concentration of Mg** is 1.21 x 107 molar."_TI‘hs equilibrium is
represented by the equation above. /

w Write the expression for the solqbi—l-ity’-'p/roduct constant, Kyp, and calculate its value at 18° C. (a) “EAC
e .8
w Calculate the equilibriuni concentration of Mg* in 1.000 liter of saturated MgF, solution at 18° C to ) ()
which 0.100 mole-of solid KF has been added. The KF dissolves completely. Assume the volume change ofh
is negligible. .-
@ Predict whether a precipitate of MgF, will form when 100.0 milliliters of a 3.00 x 107 -molar Mg(NOs),

solution is mixed with 200.0 milliliters of a 2.00 x 10~>-molar NaF solution at 18° C. Calculations to support
yodr prediction must be shown.

0.0+ 200.0= 300.0mL totoPwvoluse
MVi= Mz V, ((.ooaoo m)(160.0mL) = M2(300.0 ml) ) Mg (NO3),
M= 0.00100 M = [Mg*t] |
/ ((.oouom)(wO.omL) =My (200.0mLY) ) NaF
Mpz .D0DI33 M = CFﬂ

— 1
Qisp = [Mq‘"’]fF']“ (.00100) (-Dolai)z = I! g xj0-7 |
in part (a) We goi a ¥sp A% 09 Csp 4 Ksp o no _f;]:T R

mS\.
At 27° C the concentration of Mg in a saturated solution of MgF; is 1.17 X 107 molar. Is the dissolving 0
MgF, in water an endothermic or an exothermic process? Give an fion to support your conclusion.

| %""m"d 18°¢, CN\‘jﬂ} = .opiz1 M in/a sadtd Soluhon
- a 13¢(, [Mﬁ-"ﬂ = p0113 M in a satd soluhar

+

5

00117 ¢ .00 721

Sinee  [ess m.g‘”' can AsSse lve ot The AA'y}LV‘HMf—
[Solu,b}my decreqoe as +frv~7b ' crenata )

AHluha mustbe  12gahve; JissolVing iSIrxm"km/é!

Msz:g) — M9+:-q]+ Q.F"’q)-l— heat




. Solve the following problem related to the solubility equilibria of some metal hydroxides in aqueous solution. ( AP \qqg)

(a) The solubility of Cu(OH), (s) is 1.72 X 1075 gram per 100. milliliters of solution at 25°C.

'& ‘ﬁ.) Write the balanced chemical equation for the dissociation of Cu(OH), (5) in aqueous solution. o _h % d
Calculate the solubility (in moles per liter) of Cu(OH), at 25°C. P
(j&’) Calculate the value of the solubility-product constant, K, , for Cu(OH), at 25°C.

ogD

(b) The value of the solubility-product constant, K, for Zn(OH), is 7.7 X 1077 at 25°C.
DF\\M “gﬁ‘ Calculate the solubility (in moles per liter) of Zn(OH), at 25°C in a solution with a pH of 9.35. & th M‘fp

At 25°C, 50.0 milliliters of 0.100-molar Zn(NO3), is mixed with 50.0 milliliters of 0.300-molar NaOH.
7 P Calculate the molar concentration of Zn>* (aq) in the resulting solution once equilibrium has been established.
OI\\‘;{ i S Assume that volumes are additive.
one 15 assigned

-
@) (V) \Cu (Dmug Cu*ngy+ LoH UlG)J
(“) _ Imele )
(L7200 g ) ( 3756009 1763%10 7 M )
0.100 L.

molar Solubs Iy = |.7sxno‘?MJ

() Cowr]=1763% 07 m
Coy] = 2(1763x10Tm) = 3514x0 T M
-0

ey > CCu*‘][oHJz (\163%167) (3526 %10 ) = 292+)0

[ kop= 244 »c\o*”)

Youl] lean Pes

() (i) 1# pht= 935, C[ow]> 224x107M ( Vokorie do
aCAﬁ-‘/bM/pH)

In(oH), = Za*ugt A OWag)

= 0 2.2 %)\p"°
- +¥ o
X 22 ¥\ 0% *2x

7.3x10"'t = Y(Z.)l—lxlo";)z
w= [2n4] = ).5x|o’:")\ﬂ

\@9 z  [2n*] [on)*

1305 % (2200520

asume 2x LL2.2UF D mis olSe &qw;,?/y

The mola solubid rhy U



‘ Solve the following problem related to the solubility equilibria of some metal hydroxides in aqueous solution. ( AP ‘qqg)

(a) The solubility of Cu(OH),(s) is L.72 X 10~® gram per 100. milliliters of solution at 25°C.

'& ]b Write the balanced chemical equation for the dissociation of Cu(OH), (s) in aqueous solution. 'l\
\ N . ) op oned
b?"f\ ()(‘b Calculate the solubility (in moles per liter) of Cu(OH), at 25°C.

(ﬂ{) Calculate the value of the solubility-product constant, K, for Cu(OH), at 25°C.

(b) The value of the solubility-product constant, K, for Zn(OH), is 7.7 x 10717 at 25°C.

OFHM ‘gﬁ‘ Calculate the solubility (in moles per liter) of Zn(OH), at 25°C in a solution with a pH of 9.35. & ofh Df\"p

At 25°C, 50.0 milliliters of 0.100-molar Zn(NO;), is mixed with 50.0 milliliters of 0.300-molar NaOH.

7 A Calculate the molar concentration of Zn>* (aq) in the resulting solution once equilibrium has been established.
m\g Assime that volumes are additive.

1s 4ssigned .
e 13 98 (L0500 LY (oo m) = 00500 miles En (NOs):
b.ii. (osooL) (300M )= . 0iSo mdle NadH

_>
00500 wple . D150 male
C  -.00500 - 2(.00500)
F © . 0050

Coy-]- 0050 mdee - 0 p5p M
0100 L

7
So.0mL+ S0.0vL = |pp.omLl o 1000 L

Zn(oM)ye, — ZnTat Q.DH'}%)

taq)
I o) ' 0S0O
c it th
e % .05 0+ 1x

\<sp - (an'¥]low]?

?.}x|o'l? s X (050‘*'2.)()2'
ASsume 1x LL.050

3300"T= ¥ (050Y x = [2n*] = 31x10™
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2/ Suppose that two gases are reacting according to: 2X <—>Y

uraphs A-C, above, show the partial pressures of gases X and Y as a function of time.

Graph A shows the pressures when the reaction is done at 200 °C,

with no catalyst present.

a. Write an expression for Kp in terms \ Kp - P_‘] ;

of the appropriate partial pressures: (Px) 2
b. Calculate Kp for the reaction,
based on graph A (report extra S.F.): k p = %2'—222)—5 -'-‘l 3 a. 5 i

c. In a separate experiment, the reaction was done at 200°C, with a catalyst present.

In yet another experiment, the reaction was done at 250°C, without a catalyst. ﬂ
Which graph (B or C), could correspond to the reaction at 250°C, with no catalyst?

Which graph (B or C), could correspond to the reaction at 200°C, with a catalyst? g

Explain yﬂurchc:niﬁf,s:tm‘p c MV(_‘ fﬁ{ — Kct 012 ggg gmph B hﬂ‘d F ](g?
rate of rxn thaa geaph A; both Bamd Creach

3raﬁhs
Both B and C show G faste
uéz:l(,uil}bm’um_ in less hme than A, &

e. Calculate Kp for graph B. (. _..’ -= f. Calculate Kp for graph C.

(04)

£ 304

have steepe slopes, but tHAS Could lo¢ due

‘ ' lyst  Adding a catalyst Aves not
Jo lacreading T o addrng 4 catalysT. Ki ly .
change Keg. changing Temp doea change Keg. So B must be ataditfved

(0.2)?

g. Is this reaction exothermic or endothermic? ! éXD i Zéﬂﬂfc i

Justify your answer:

s Tempratwe 10ty from

200°¢ +0 250°C,

K/ decreasts o 325 40 3.06
*5ie"a!e i+ 1s less faveadle at- gk Hanps,

Rn mustbe £xothemuc,

13 . [325)

Temp Huo A

Showlf reach €4 M\

+han

in1esS

Alls

h. Fill out this chart: ?"0-—‘ - L 11
Effect on K, Effect on rate of reaction @ ) N - TT__
b | Py L
| IR [ 0
— il [l i
Raising the temperature \ \ ] - g
(if the rxn is endothermic) Ka, Incr<ases {r;a(ﬂ’(. INOHESED m _,_ﬁﬁ‘_‘
= o B i T
Raising the temperature e (AL l. ! I |
(if the rxn is exothermic) Kai ol€ O{(M&.\/ mg?;&gém 'ﬁijki) | O [ Lu_,_f
R gt
Adding a catalyst s e —~ | et 1\}6
no e\ﬁ@cd af intreasea §_§ EmEEEmmsERUS
L™~ L ! I _,_,
i. Make a graph (use graph D) showing the partial pressures vs. time, if this reaction (LO NN -' __:L
o:zsiv,tse);irq

is done at 250°C, with a catalyst. Assume the same initial pressures as on graphs A-C.



