(#11-2 #11-1)
Modeling and determining equilibrium of solubility o
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A salt KOH is dissolved by the following reaction. \ew.(‘)og“w
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a. Write out the equilibrium expression

b. What happens to the value of K if this substance is really

soluble? E{S Smaﬁ

A salt KOH is dissolved by the following réaction

LL,SQ S g,\q, fl&)H@ K* +OH, @‘!’3@ 3
a. Wr:te out the equilibrium expression.

b. What happens to the vaiue of K if the substance is reaily _ W

K* + OH?T < KOH is)
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To allow K to correspond with solubility, industrial scientist who created this method chose to always
write the dissolving reaction with the solid on the left as see below.

KOH(s) <> K*(ag} + OH?  To distinguish this method they gave it a special name “solubility product”

Ksp = [K‘*][ OH?]

| Mall N
You take a sample of salt (table) and you start to dissolve it in water. You continue to add and stir the

solution. After a period of time it appears solid is forming on the bottom -
a.  Write the (Ksp) solubility equation. M{ &= M €
=z [NaH £

b. This chemical reaction goes to (CO[ﬂprthﬂW

¢. To the right draw a picture of table salt dissolving. The reaction gets
saturated at time X.

d. Astudent hypothesizes that stirring increases soEubdlty Conf;rm or

his stat;mﬁnt_ Sﬁrwﬂ Ml{ d &_

e. How mrght you mcrease the so!ublllty of table salt in water

~f Draw the picture of table salt in the beaker fo the nghtat tlme X
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A student dissolved Ag2504 in 100mL of water. The student added 5g of sitver suh‘ate to the solution and
measured the concentration of SO42 to be 0.0135M and solid is on the bottom. Answer the following

questions. O, 035 m= gxﬁd

a. Draw the beaker. AﬁzSDef v"ZA e Ay ©
b. Based on your picture, if the S042=0. 0135 what is the [Ag'] ? €¥ 0.0135=
55;5"‘ will be 2xs e concznm&mn s S0¢2 (& D'ZJ‘?M

c. How might these concentrations change if 5 more grams of solid is
added? ANo Change. The selwilicm is
olready saturated (selid on booihorn)

d. Create an ISE reaction talble Fifl it out and determine the K value.

' FA
ole5 Aﬁ?ﬁ@"@y‘ﬁ 504" kg g T (3037
{‘f, S‘- j oy oz?- +o.o:as ;% [o. azﬂ'f 035},

E 6.01F  0DIBS |
Two salts are dissolving, AgBr (Ksp = 5E-13) and AgCl ( Ksp = 1.6E-10), Answer the foﬂowmg questlons

a. Write out the dtssoivmg equation for each.

AsBr ZAsH +Be) AsCIS A vl

h. Write out the solub:hty expressmn
Kep=[A3T(B"] @3"]@“?

¢. Alarge K value means what relative to solubility?
Ea%ﬁ- K means (otsef 1onsfas producdt
& 15 very Soluhle
d. Which of the two salts is more sgluble?

Ksp-‘-’; LbE=-ID. 5 lavgtr Hhan §ép bg -B
AAO% (s prore soluble Hhan TAf
e. Draw a saturdted solution of the more so%t;gé?it 15 oy

A student comes across a solution that is saturated solution of lead(lf) chloride. The lead ion has a
concentration of 1.5E-5M. Answer the following questions.
a. Write out the solublllty reaction,
- ﬂzm-.-.— @b‘f’l +2Cf”
X, o
-b. Write out the solublhty equilibrium expressuon

Ksp = [P2](CH]?

¢. Draw a picture of this reaction mixture. . _ >
. Z4

d. What is the concentration of the Chloride ion?

[PB“’J \aﬁ- E"ﬁm
()= 2 (lsE-5m)= 30E-5M])

e. What is the equilibrium constant for this reaction?

Ksp= [PE T =(i5E-5) (3065502 =1. 35E 4
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#11-2)
Equilibrium: Concentration Determination

1.(brown574) For the Haber process, Nag + 3H; ??ZNHHQ Kp = 1.45E-5 @ 500°C. In an equilibrium mixture of the three
gases, the partial pressure of Hz is 0.928atm and that of N is 0.432 atm.
a. Writethee u1l1bnum € ressmn for the reaction. ¥ e j
) Mo ¢ 3H 2

b. What is the part:lalpressur of NI

JHS E-5= Q@@Z

@ﬁ! 329283 fug |
(RS ‘"(i o5 -5)(0432)0A28)3 WJ W C @3 omw]

2. Nitrogen gas is mixed with oxygen gas to from nitrogen monoxide* %'G‘*O
Nz + 02 <> 2NO Kc 4.1E-4

- Imazl rlg:d tank, 0.5mol of Nz|s mixed with 0.86 mol of Oz gas at 2000. K The two gases react formtng an equilibrium.
_ a. Write out the equt!;bnum ex ressmn m 2 D ad ‘

2] [Oz]

b. Ifthis reaction were to go to comp[etmn what is the value of “x"?

)f 15 e ﬁm& / %M x =05

&7

2 g«;&*
c. Based upon the size of K the value of “x” is (big, small, very small)

# o
d. Determanethe final concentrations of each species at equilibrium.

(fi, !Eﬂ)@zsﬁaﬂ)ﬁ %{c&

f

2y m ( 53 (045) YE= W‘é‘ @&3?2% s '
@290 ¥ 20.003% T = 5,0033)90.00kbM MD)
3. The reversible reaction CHuyg + HzO(g) + COqy "+ 3Hae) has been used as a commercial source of hydrogen. At 1500°C,
an equilibrium mixture of these gases was found to have the following concentratlons [CO] 0.300M, [Ha] = 0.800M,
[CH] = 0.400M. At 1500°C K¢ = 5.67 for this reaction. 06 =(0 & 3“2_

a. Write the equilibrivmn exprgssion, [ é
| Ke= ér;r E Q00 8 306 C.$00

Va,. If ﬂns reaction went to comple %on, how%lg would “x” be? “x” is the variable in the ISE table.

c. Does this reaction go toaeauﬂibrium? %65 —— IJL}LM . uaja,g B K

'\kApp_]:O}dmate the size of “x, can this value be ignored in the ISE table (use the short cut rule). -
; Selve 'Fbr-

é- (H.

./ Solve for %", using the quadratic if you can. Otherwise set it up for the quadratic.
at was the equilibrium concentration of HzO(g) in this mixture? 3 _ :
BEZ - 5,068M
Ha O

/= 5 12 = O3UO.EF 0.3
$ Ke =507 2304° )G*C(g LLo
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#11-2)
Equilibrizm: K Determination

1. (brown570) A mixture of Hydrogen and nitrogen in a reaction vessel is allowed to attain equilibrium at 472°C. The
equilibrium mixture of gases was analyzed and found to contain 0.1207M Hz, 0.0402M N, and 0.00272 MNH;. From

this data calculate the equilibrium constant Ke for Nag + 3Hapm < 2NHzgg

}{ oHs)*  _e.corr)* % | — moles
{_NQ[HJ (oods)(o,a%f | E 0.0%2 tieed 0,002 m L
Ke= O.CB ‘

2. {brown 571)A mixture of 5.000x 10 mol of H; and 1.000 x 10-2 mol of Iz is placed in 5.000L container at 448°C and -
allowed to come to equilibrium. Analysis of the equilibrium mixture shows that the concentration of HI is 1.87E-3M.

Caleulate K., at 448°C for the reaction

¥ ‘4’ |

[H)=5:02%3_ [ons5-3M Higg+ Tog > 2HI Hat5) La6) G E32 HIg)
o= = . [T g --

@‘i :_;m_ge “4 2,0008°3M '_ S(-e. e«f){-’é as-g-'-i j gmg-a’.)
g/ ﬁ-!iﬁ' (53 \EbsE-5 1063 Lyae3 )
(T (eSE-S) 1005 2= 1@5‘3 X= 935E-4 |

3. Areaction mixture of three gases, A, B, and C are all 1.0 M at 200K. The reacﬁon below runs for a period of time and
forms an equilibrivm balance where a little solid formed on the bottom. The concentration of A at equilibrivm is .5M. ]

2A@ + B( g < C{g) + D

a. Write the equilibrinm expression. gA] EB] T IM M
b. Compl ISE table below th M
2 Gomms s et e i oY ,.{ .‘
W2s ) e o _gas o5 1.25 |
(o.b)?-(o?s) 2x=0,5 2

=025 for sol

4.  Ths following reaction goes to equilibrium at S00K. A« 2B+ Cpy

Original pressure of A is .55atm and reduces to .15atm at equilibrivm. i e
a. Write the Kp equilibrium expression. (zp )2- s of +®
' 2%
b. Complete an ICE table below the reaction. (P ) E O 5 o) yw\\
2. | T ASE-K=048 N
¢. Determine Kp. KP (O 8’) q 3 6 X =0, (!
ous™ ™ 2X=6.8

d. (Challenge) Ifthe containeris 1L in size, determme the mass of C (carbon) produced at equilibrinm?

Pv—nm’ oUV)=ngboglfse)
| (6700 5,009 md C] 242
fe (0.8 OAO%‘““‘ . ""5‘1%:]

H50E mel B lCL-.- 005 mol

":
0 T



Equilibrium Quiz prep

Als) + 2B(ag) < Claq) 200°C
1. For the reaction listed above the concentrations at equilibrium of B =0.5M and C=0.25M
and solid A. Determine Kc for the reaction. At + Z Begle Cag)

ies

Ke= @ iO.ZS) ! ES ’ W:: ik

(B} “(65)* 6.25

2. For the reaction given above at 200°C, the concentrataonﬁc 0. SM{\L\/hat must be the

concentration of B? , fB‘_l =v0D
SaMme reathion K= | ;@1?2

odr sowme -+Henwip CEBX [B]: O.:H M

o soume Ke

3. In a different experiment, the reaction above is run at 300C with 0.2M of B, 0.2M of C, and
some solid A are placed in a container. After a period of time, the concentrationof C =
0.15M.

a. Whatis the reaction quotlent?
Q" Q = L.'Z =€
@) ¢=2*

b. What is the concentration of B at equilibrium?

¢. Whatisthe K vaIEe at this new temperature?
< =(0ls)
K= e = 7
EB-‘.\ &.3)* = 1.
4, Atvery low temperatures the reaction above has a K value equaling 1.5E-4.
a. s this reactant or product favored?

[.SE-4 is less than (, peacfont favoved
b. fthe0.5MBis placed in a beaker determine the Aesy + Z @wﬁ C(aﬂ

=158 4= 22, x=33E-5 | 6.5 O
i Concentrgtlon of B and C at equilibrium < -2y 4')(
Bl 6.5m (c}=¥=335E-5mMm |E 0.56x)
5. Silver sulfate(Ag.S0.) is dissolved in water.
a. Worite out the solubility reaction. Mﬁl‘ﬁ ‘Lﬁ-

b. Draw the reaction equilibrium in the beaker to the right.
c. Ifthe concentration of S04 = X, what is the concentration of Ag* ions?
d. With the variables in “c” solve for Ksp.

= Ag SO%C}# LAg! + ¢

s
5 { 2K FX
E 2,)( X

e. F[507= £, +iam [Ag]=)
d. Kip = [T (s0v7] X)X

=4x*x = 4x3
42




