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~ Herbig/Chemistry Sample and Practice Exercises Equilibrium

Sample Exercise Writing Equilibrium-Constant Expressions
Write the equilibrium expression, K, for the following reactions:
203(g) = 302(g) 2NO(g) + Cla(g) = 2NOCl(g) Ag'(aq) + 2NH3(aq) = Ag(NHs)2"(aq)
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Sample Exercise Writing Equilibrium-Constant Expressions for Heterogeneous Reactions
Write the equilibrium-constant expression, K, for each of the following reactions:
Ni(OH)z(s) = Ni**(aq) + 20H(aq) HaO(1) = H20(g) HF(aq) + HO(l) = H30+(aq) + F-(aq)
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Practice Writing Equilibrium-Constant Expressions
1) Write the expressions for K; for the following reactions, and indicate whether the reaction is
homogeneous or heterogeneous.

ans: homogeneous

Ha(g) + L(g) = 2HI(g)  hownoe s oo ot L
2(g) 2(82_ ‘ ;(g) homoe RATATA
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e ans: homogeneous
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Cd*"(aq) + 4]r3r‘ “(Waq) CdBr4 (ag) Wowun . k.= e T
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; _— ans: heterogenegus
Ni(CO)4(g) = Ni(s) +4CO(g) heteoamepus PO el
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ans: heterogeneous

2Ag(s) + Zn*'(aq) = 2Ag*(aq) + Zn(s) 110t fcori s Pl
o e -- - 2]
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Sample Exercise Converting between K and K,
In the synthesis of ammonia from nitrogen and hydrogen:
Na(g) + 3Hz(g) = 2NHs(g)
=9.60 at 300 °C. Calculate Kp for this reaction at this temperature.
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Practice Converting between g, and K,
1) For the €quilibriym 280s5(g) = 250 +0 ' =
ale T K o 0.335 g) 2(g) 2(8), K. is 4.08 x10 at 1000 K. Calculate the

Kp = Ke (ppa Kp = (.08 X1077) (08206 (1000 ) "

DIfK, = 0.042 for PCls(g) + Ch(g) = PCls(g) at 500 K, what s the value of K,
at this temperatyre? ans: 1.0 x 193

for this reaction

%701 Sony\ !
Kp = Ke (RT)AN Kp = (410 (05200 ( 5007y

m x 107

SOzCIz(g) K, =345y this temperatqre.
14 242 3)
5 ke (082006 (303))

Sample Exercise:

The diagram Tepresents an equilibyi
reaction of the YpeA+X 2 AX ]
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Sample Exercise: Interpreting the Magnitude of an Egl:II . : ‘ _
This I:ﬁagram represents three different systemg at equilibrium, all in the same Size containers.
Rank the three systems in order of increasing equilibrium constant, K.
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| Herbig/Chemistry Sample and Practice Exercises Equilibrium

Sample Exercise: Interpreting the Magnitude of an Equilibrium Constant
When the following reactions come to equilibrium, does the equilibrium mixture contain mostly
reactants or mostly products?

Na(g) + Oz(g) = 2NO(g) Ke=1.5x10"" _ (¢ ACT aris

280x(g) + Oa(g) = 280s(g) Kp=2.5x10° nioclyds

Practice: Interpreting Equilibrium Constants
1) The following reactions occur at 500 K. Arrange them in order of increasing tendency to
proceed to completion (least completion —» greatest completion). ans: 3<4<1<2

1) 2NOCI = 2NO + Cl, K,=1.7x 1072 . 017
2) N2O4 = 2NO> ' K,=15x10® 15 Yy
3) 2803 22802+ O3 Kp=13x%10" 0000 ]
4)2NO2 =22NO + O Kp=59x 1075 00007 7

Sample Exercise Calculating K When All Equilibrium Concentrations Are Known

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 7.38 atm Ha, 2.46 atm
N2, and 0.166 atm NHs. From these data, calculate the equilibrium constant X, for the reaction:

= A qf1

(Pyn.) Na(g) + 3Ha(g) = 2NHy(g)

(24770

= 7.7q9 x 10 >

Practice Calculating K
1) Phosphorous pentachloride decomposes according to the following equation.

(9]

PCls(g) = PCls(g) + Clz(g) .

At 250 °C, the equilibrium [PCls]= 1.271 M, [PCls] = 0.229 M, and [Clz] = 0.229 M. What is

the value of Kc? ans: 00413 ' aN[ .229) =
[ Wt d ( *'f'f,i'ﬁvf__";m_, Diﬂﬁ)
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2) For each of the following hypothetical reactions, write the expression for the equilibrium 5%
constant and calculate its value. Assume that all components are gaseous.

a)A+B=2C
At equilibrium, [A] = [B] = 7.02 x10-3 M, and [C] = 2.16 x102 M ans: Kc = 947
{1:; Z F AT wm TR 2 //’-j \\
RN T S DI
b)2A=2C+D
At equilibrium, [A] = 6.59 x10* M, [C] =4.06 x10"* M, and [D] = 2.03 x10° M.
ans: Kc = 7.71 x102 (:! St Y [ 9 o e o
Ke - — = B Sl =
Cad (b- 54 x1€

c)2A+B=2C
At equilibrium, [A] =5.50x103 M, [B] = 2.25x10-3 M, and [C] = 1.02 x10-2 M.
ans: Ke=1.53 x103

(e (102 . 10" -
K S B N s ™
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{ T - T oy N\ 2 e ~ 2 '-"‘-\_ /}
LA] LBl (ﬁ?v ) ‘ e Th—— o

3) Gaseous hydrogen iodide is placed in a closed container at 425 °C, where it partially
decomposes to hydrogen and iodine:

2HI(g) = Hz(g) + I2(g)

At equilibrium it is found that [HI] = 3.53 x10-3 M, [Hz] = 4.79 x10 M, and [I2] = 4.79 x10-*
M. What is the value of Kc at this temperature? ans: Kc = 1.84 x10-2

Lo, 301, (t7axe™)(4vaxw™) o~ Ty
T T poseewr—  { M#xi0

4) The equilibrium 2NO(g) + Clz(g) = 2NOCI(g) is established at 500 K. An equilibiium
mixture of the three gases has partial pressures of 0.095 atm for NGO, 0.171 atm for Clz, and 0.28
atm for NOCI. Calculate Kp for this reaction at 500 K. ans: Kp =51
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5) The following equilibrium reaction is used in the manufacture of methanol. The equilibrium
constant at 400 K for the reaction is 1.609.

CO(g) + 2Hz(g) = CH30H(g)

At equilibrium, the concentration of CH3OH in the reaction vessel is 0.818 M and the
concentration of CO is 1.402 M. What is the concentration of H; in the vessel? ans: 0.602 M
I Cu. ow 1-bDg - il }.‘%"“.‘**ﬁ-l 60 (1.402 x?) = . 513
Ki s —p 2z CUE (Mo () Y09 (1107 x7) = | BI3

[coalH, 1"

6) At 700 K, the equilibrium constant is 3.164 x10 for the following reaction system for the
hydrogenation of ethene, C2Haq, to ethane, Cols.

CaHa(g) + Ha(g) = CaHe(g)

What will be the equilibrium concentration of ethene if the concentration of Hs is 0.0619 M and
the concentration of CoHs is 1.055 M? ans: 5.39 x10° M

Z\H x 0% = SN 195 .38 x = [.OST
™NE 1% .
(b*’X _ : .
W, o wa (O W

7) When nitrogen monoxide gas comes in contact with air, it oxidizes to the brown gas nitrogen
dioxide according to the following equation: -

- 2NO(g) + O2(g) = 2NOx(g)
a) The equilibrium constarit for this reaction at 500 K is 1.671 x10*. What concentration of NO2
is present at equilibrium if [NO] = 26.200 x10? M and [0>] = 8.305 x10- M? ans: 0.7034 M

7 9 - X e
l[O F1x 10 (1.0 A,:“.!‘.D-z‘ﬁz (‘5};":"}:‘ e
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b) At 1000 K, the equilibrium constant for this reaction is 1.315 x102. If the concentrations for
NO and O; are the same as in (a), what will be the concentration of NO;? ans: 6.479 x104 M

-7 ¥ =
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Sample Exercise Calculating K from Initial and Equilibrium Concentrations

A closed system initially containing 1.000 x 10~ A/ H; and 2.000 x 103 M I, at 448 °C is
allowed to reach equilibrium. Analysis of the equilibrium mixture shows that the concentration
of HI is 1.87 x 1073 M. Calculate K.

_ Ha(g) + Ia(g) = 2HI(g)
_Tn\'m{mnm‘"f}%\f'-D:ym{a'f b 2.000 x/0 "7

Q\(\BI\EB‘L Cllowrtng ) — X - X + 2% _
E’Z viliba un BB Ly 7.000%10" Ty, LK S Z“ xip™=
[y q b4 q :Jj S‘ X
ea. fpastat
4 {i} S ox: -
Cuil? / 7 setp 3§ © 7 .y
K L ‘r:"f:**‘“.——'c:"“ — K e __L:L_‘——th )."“ 5 {) ‘ ‘T)
LH, T, ] - (6.5% 1075 ) |- 0bxto ~=) —

Sample Exercise Calculating K from Initial a%id Equilibrium Concentrations
Sulfur trioxide decomposes at high temperature in a sealed container:
2503(g) = 280x(g) + Ox(g)
Initially, the vessel is charged at 1000 K with SOs(g) at 0.500 atm. At equilibrium the SOj3 is
0.200 atm. Calculate K, .

Ihidial 5 0 O
Concengdion = 7x 1lx %
[ 4uiliboom ‘i Ix ¥ o
o 3 o L
) ~ e 5 L& [P ™ [Fs.
T T P
}{ = o | j § <

[-3)2(15) P——
Kp: “2YT = 3395\

Sample Exercise Calculating X from Initial and Equilibrium Concentrations
1.25 moles of NOCI were placed in a 2.50 1. reaction chamber at 427°C. After equilibrium was
reached, 1.10 moles of NOCI remained. Calculate the equilibrium constant, K., for the reaction

N[0 2NOCI(g) = 2NO(g) + Cl(g).

[NO] Qe g
K(’ - S » I | .23 0 O
T [ noci] C s g % § g iy
Alwdys 1f E 10 a2x ax o
I '] ﬂ.’r‘ﬁi;i/ 7 { 'Uri:-:, ' r{_q }

I.25 - e = |.lo 4e
~Lx = =g

‘}“ % ] () r# 5 A

s

Ke =\ 551 ‘5“‘-\"»#,,, 6
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Practice Calculating K from Initial and Equilibrium Concentrations

1) A mixture of 0.100 mol of NO, 0.050 mol of Hy, and 0.100 mol of H>O is placed ina 1.0 L
vessel at 300 K. The following equilibrium is established:

2NO(g) +2Ha(g) = Na(g) + 2H20(g)

At equilibrium, [NO] = 0.062 M. Calculate K. ans: 6.5 x102
. 09 O A

i
A-7% =, Ok 0 . Iy ax ' 7x
. -84 € - 2x .05 -2x X A+ 7 x
K ¢ (.01a) .1 +2{.o14 S
\ 91 /

2) A mixture of 4.103 atm of CO3, 2.052 atm of Hz, and 3.282 atm H>0 is placed in a 2.000 L
vessel. The following equilibrium is established at 500.0 K

COx(g) + Hz(g) = CO(g) + H20(g)

3,161 +x ~ 3.5
At equilibrium, Pr,0 = 3.510 atm. Calculate K,. ans: Kp.= 0.1132 X 2,228
; h. (0% 70517 D 3 .70¢
C - X e W +
£ y.p2 2:052-x X 32BL+X
Peo ) (By0) N 15 e s R
“’}w ) AP, ) e FT - L |82
iz (4ip3--12%)[2.052 ~.22% % P

3) The reaction A(g) + 2B(g) = C(g) was allowed to come to equilibrium. The initial amounts
of reactants placed into a 5.00 L vessel were 1.0 mol A and 1.8 mol B. After the reaction
reached equilibrium, 1.0 mol of B was found. Calculate K. for this reaction. ans: 17

1 1B 0 1.6 ~1x |
r - X - Ix +X x = _u
L l-x .97 ~
7 Ly
~ et )
\< o _-E_L_",—’* ~ h_,m*“‘”i »-—-}.._.,..,.__W__N.-r":‘it"'"j""“‘ - hm_'_\‘r_‘—\g-h-.
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,/ B

{\ \q//l

Wag__o




Herbig/Chemistry Sample and Practice Exercises Equilibrium

4) The brown gas NO, and the colorless gas N2Oy exist in equilibrium, 2NO, = N204. In an
experiment, 0.625 mole of N204 was introduced into a 5.00 L vessel and was allowed to
decompose until equilibrium was reached. The concentration of N2Ojy at equilibrium was 0.0750
M. Calculate K. for the reaction. ans: 7.5

i 0 Wb15 1,254+ x
C = 3K 1 X X : -~ 5s
€ 0-7x 15y v
L254 — .55
K\{" ) [ 7 H__&_ﬁ_h —J‘ J 056
[ T?Tﬂ?‘wh‘—? 5 ..611%1' =

Sample Exercise Predicting the Direction of Approach to Equilibrium
At 448 °C the equilibrium constant X for the reaction

K Ha(g) + I2(g) = 2HI(g)

is 50.5. Predict in which direction the reaction will proceed if we start with 2.0 x1072 mol of HI,
1.0 x 10 mol of Hy, and 3.0 x102 mol of I in & 2.00-L container.

n o [HIT?  pay i tial 5.6 %16 " mol
| * o on cuy et oE (L — [

R (s TRV I N

Jxio ~ el N ( e S _%_15 )

%

Practice Using Q, the Reaction Quotient. DLy ARBES 3 s
1) At 100 °C the equilibrium constant for the reaction COCL(g) = CO(g) + Clx(g) has the value
Ke=2.19x101 Arethe following mixtures at equilibrium? If not, indicate the direction that
the reaction must proceed to achieve equilibrium.

a) [COClLy] =2.00 x10° M, [CO] = 3.3 x10° M, [Cl2] =6.62x10° M ans: Q = 1.1 x108, shift

left LCorCl, A (3.3x10°) (g0 frs = B
2 —— e e =
LCOCi, ) 1 xio™" Hf D

~3

YK shifts . le#4
b) [COCL] = 4.50x10? M, [CO] = 1.1 x107 M, [C] =2.25%x10°M ans: Q =5.5 x10'2, shift

e Ot x0")(72 o xf07") 5 5.m 1
b - T 45 Ko 2 13 2.oxll "
| . | 7- -:'-‘m-‘f_‘;\
O it g
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¢) [COCL] =0.010 M, [CO] = [Cl2] = 1.48 x10°M ans: Q =2.2 x10°!*, the mixture is at

equilibrium .

D A o ~ z ‘ Ef} % 10 - ;

AT
[) 1)
LV g
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Sample Exercise Using Le Chételier’s Principle to Predict shifts in Equilibrium
Consider the equilibrium
N204(g) = 2NO2(g) AH=58.0kJ
encdp P
In which direction will the equilibrium shift when
(a) N2Og4 is added 10 A (lalAd

W

(M) NOzisremoved 10 fpu,  vralnh

(¢) the total pressure is increased by addition of Nao(g) 10 L errt

(d) the volume is increased 10 o ¢ Wk

V)
(e) the temperature is decreased JITJ “ﬁ(\a{/ N/:P’

Practice Using Le Chételier’s Principle to Predict shifts in Equilibrium
Consider the following equilibrium, for which AH <0 &0t wic

280x(g) + O2(g) = 250s(g) .+ -head

How will each of the following changes affect an‘-équilibriurﬁ mixture of these three gasses?

a) O is added to the system 0w Cighd

b) the reaction mixture is heated 10 T okt

¢) the volume of the reaction vessel is doubled {0 Yy lef i

d) a catalyst is added to the mixture \\n, €& € ek

€) the total pressure of the system is increased by adding helium __ {\() ¢{€ ¢4

f) SO; is removed from the system 10 ‘W\,L., [10\WX




K [Hi]? _ Iniig | [ 2. O He = .03
" — . 55 i 3¢ =y 2% 1 1063 |
m,10L1 Concen frir : i T - 1Pes |
- ) CQuilibpun =X £ X 7% ; LW - ki ,U_,/
B -5 o /’f . == 7 3 . “—.—L:A‘ Hie )
(1->) (2-3) 4 ol = [81x +50.5%7 = Hx gz ia{f?:f:{
LLL‘Z - o5n.5 / Uiy Sx 7?7 _ 18] +101 ,f) . L\‘:_‘“"* : f ,L' 7D |
~~~~~~~~ L2 - s L P ' be 3 conc. cap pe gt
-2y T R T Y (withh (=X o 7 Y
Practice Calculating Equilibrium Concentrations from Initial Concentrations B
1) Carbon monoxide reacts with steam to form carbon dioxide and hydrogen. At 700 K the
equilibrium constant, Kc, is 5.10. Calculate the equilibrium concentrations of all species if 1.00
mole of CO(g) and 1.00 mol of H>O(g) are placed in a 1.00 L, flask.
ans: [CO(g)] = [H20(g)] = 0.307 M, [COz(g)] = [H2(g)] = 0.693 M
: m——_w_wu__[ (0.1CH, ] = 519 CO(g) + H20(g) = COz(g) + Ha(g)
[Cog w00 ! 1 1 0 0 . LG
¢ = ¥ s g + ¥ + ‘7( SR b
( i I {:\ | {= M e - 47 . 307 ,-}
. T A Bk - (€0, Mo~
289 ~ §.2358% » P ——
2154 = 2.25%x  /Fl, O 697
2) At 200 °C the equilibrium constant for the reaction ' I
2NO(g) = Na(g) + Ox(g)
is K¢ = 2.4 x10°. If the initial concentration of NO is 0.200 M, what are the equilibrium
concentrations of NO, N, and O2? ans: [NO] = 0.0020 M, [N2] = [O2] =0.099 M
| -z O 0O
| e - 2x + 4%
, N 2 ~-'. :_ 05 A (.— .2 ¥ X %
¢ TR s i s R T i facaayqL
[ND)° 4210 S - w? ) g -u{a59700%)
4 z (9594
j“;\ . B
e X 510l or 09
3 2 -72(-09%) (LNO) }
" . 17 yxip? ~  AAO A
=l ?)X K !¥ ) [Nli = 7'.) 7(; L LG -
% Z ywio®* {.py - X 4 Yy © « - 0O
X 2.4 xl (O{ ) ) ) [ 0,7 - . DA
y - Qb - ]QZD)( | (uf, 00 o 10
y- 4599 x 2 - 1420x + qb
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Sample Exercise Calculating Equilibrium Concentrations from Initial Concentrations

Equilibrium

A 1.000-L flask is filled with 1.000 mol of H> and 2.000 mol of I, at 448 °C. The value of the

equilibrium constant K for the reaction
Ha(g) + I(g) = 2HI(g)

is 50.5. What are the equilibrium concentrations of Hy, I, and HI in moles per liter?

by v (T
e = .
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3) At 250°C, the equilibrium constant K, for the reaction PCls(g) = PCls(g) + Cla(g) is 1.80.
Sufficient PCls is put into a reaction vessel to give an initial pressure of 2.74 atm at 250°C.
Calculate the pressure of PCls after the system has reached equilibrium. ans: 1.24 atm

l 7%y 0 0

y M - 1.9 ¢ Na TX e
F ey E 2ax x
\ Cig / ~ - - a1
S 7 X rLdx -Hasg =0 x=LAA o0 TR
T ; -.\ s li_f—”iﬂu o o
2 14 -X) TR 27 - 1.4 =
x* = .9 (2. 1% 4 U157 -8 ()(-4.93D) TR

4) For the reaction SO2(g) + NO2(g) = SOs(g) + NO(g), the equilibrium constant is 18.0 at
1,200°C. If 1.0 mole of SO; and 2.0 moles of NO» are placed in a 20. L container, what
concentration of SOg will be present at equilibrium? ans: &4£%x103M . 4§

[50.] . I \ = O © x: 1.1 DrC\Sl‘(\
KC _J LN A-r:‘:': - ﬁ) C R A TA +X 3 "
E_S._ 2\ LND, A E X 7% 3 “ . U
( XN [ 30 - Fﬁ) ( Xy £
0o s — ) \ \
,),Lﬂ.) @ FE™EY
X0 { 2N
E R AL 3 - Box ~[Ix 213"/
X 1 -2\ | ~ oo //l
- g T Ee P
( - 1% L }'” D= l?x ~-5Hx + 3k i
=X 5yt J?-ng PETEIEATETN =
( A TEOD Y
Sample Exercise Calculating Ky, from Molar Solublhtyg/ that Many pales oF Ba50,, (57 dissocarc
The molar solubility of banum sulfate is 1 05 x10° M. Calculate the Ksp for barium sulfate (Jritg’w o o
BQ Dy i r' — P 3 (fo' : :’: 9 } *ﬁm 4
) \eqr
5=1.05x0™ 8= (REx 07
Ksp - [Bg”}[_gmﬂ";] _ .
- (Losxio ) (105% 077 ) =.-1.1025 x 10 ._
Sample Exercise Calculatmg K from Molar Solublhty ___{
The molar solubility of Ag2CrOs is 6.5 x10° M. Calculate the Ksp for silver chromate. *
1 n 2 J{_ Ty Lr
ﬁ /‘ '}., C * 1/(5 P ’g ( (“s‘ g ' 4 —; : i U‘if 1J -,j:.-':_\ g‘l :
J '
S 25 | |
’ (2) (65 x107° (5% 1077
. . ,’_-.'i
[Hﬂ J {Cfo'i ] —~P (2’( (-5 X107 ) L.Sx0 " A1

(2s)2  (s)

Ys ;7 L) xto

w
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Practice Calculating X, from Molar Solubility -

1) The molar solubility of CaFs at 35 °C is 1.24 x10°3 mol/L. What is the Ksp at this temperature?
ans: Ksp =7.63 Xl“’g 4

= { v JR— 2 ":.l : S_— —
/ 2 \ U
S o s
‘‘‘‘‘ )
- B ew B e i T
(124 x10 ™) (2 %) 2ux0 5 - A

2) The molar solubility of PbBr; at 25 °C is 1.0 x10"2 mol/L, Calculate Ksp. ans: Ksp = 4.0 x10-6
YhBr = PL7" (aq) 4 7B (ag)

L0 xtp fi.0 %o o
st - (P IC B £ YN P N

VOX 02« ) 2 Y pxlD
Sample Exercise Calculating K, from Solubility
A saturated solution of MgF- contains 0.00741 g of dissolved MgF: per 1.00 x10% mL at 25 °C,
What is the K, for MgF;? K- cha ML {0 MY/ fn

e
4

=

+00 7419 Mgk, i ol Mgz v /

| bz 305, O o~ ’ 3 15
/

AL

= \ .‘%f} Y }.» ﬁl“*’ & |- 189 v (p2

L. 77 xto
Practice Calculating Ky, from Solubility '
1) Silver bromate, AgBrOs, is slightly soluble in water. A saturated solution is found to contain
0.276 g AgBrO; dissolved in 150.0 mL of water. Calculate Ksp for silver bromate. ans: Ky =

6.09 x10° AgBrOs 0= a*' (ag) =+ B00,” (ag)
I i o w v o
AT | ol flabUz 4 8
296s|_sol |

iy - -z FA. 4= —p = b s f { /‘{ - 1 o e
L7 90 x 107 Fp = CMa*3CBedT - (.09 % (075

2) 2.50 L of a saturated solution of calcium fluoride leaves a residue of 0.0427 g of Ca.Fﬁ when
evaporated to dryness. Calculate the Ksp of CaF. ans: Ksp = 4.20 x10-11

—y

Caffz2 ¢ca ™ (ag) + 2¥° (azz‘;‘}'
04294 2l ol gaf, o s 726

Lo
Lsp = [Ca™ 7] CF ]
o & T 107" S IR S
.5 1 . 14T 1O c. . [? (a7 x (07 -f’?j‘ {2 A5 %D L
/ 3 ( . ‘
[

Csp /7 H 0 x (O
P 12
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3) It is found that 1.1 x10 g of SrF» dissolves per 100.0 mL of aqueous solution at 25 °C
Calculate the solubility product constant for strontium fluoride. ans: Ksp = 2.7 x10°

ScFz (9 = Sr* (a)* 2F ()
¥

. DM g Srfy

W Kep = (3. x00™) (2 xfo-Hexi0™))
= %. %o xID — ‘
Ksp (T -Fx10°V

Sample Exercise Calculating Solubility from K, -
What is the molar solubility of AgBr‘? Calculate the concentration of all species in solution.
LS . g (WIS B 2
) (. lr v !('-.i : g w \r’( HF R""‘r {t P ._‘(-‘17‘- s' 34 -4 ‘.,’ r {a
i ndo J
. B 5
tsp = [ng* 1087
SO0xio® - g7 Co [
I (B 1 = 9 txt
r,» 4 % i ;ﬁi! - 'i‘
Sample Exercise Calculating Solubility from Ksp '
What is the molar so]ublhty of PbCl;? Calculate the concentration of all species in solutmn
Kse | 7 xlo™*% PhClol) = Pp®t (3g) 4 201 Feo
(aq
< N Y o
- . > L=
Ksp = PR A L1712

—

L x 107° - () (z)° L [pb“;& = Lox 10
| xS - 49’

== = [ 1, ’r x i f,)m:\ r
W R R U\ L] A1
H

2. 2A07°M
Sample Exercise Calculating Solubility from K, |4

What is the molar solubility of calcium phosphate? Calculate the concentration of all species in
solution.

Vo (PD.Y (Y T 2aa*F fa) 4 7PN.2 ,-:.,,'--.“jj,
K< s 2 b x 0 =14 ( o g\ r*{)v’-'i_ I | ’} A { . FE"‘S '{‘3‘3 %
& | : s D&, Zs
ks = LG Copoy ]
(3577 (25)7 [Ca®]: = (7. Wlp™
( '} o ) { L < 1 , ’ |
12 i - .- ) ! 1 ) ~ ?1?
7_0>< Y s e [P0 1 = RV |
5 i 1.0 x10™? e o |
~N T e =90 = Tyl B 13
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try Sample and Practice Exercises

Sample Exercise Calculating pH from K,

-Calculate the molar solubility of m

magnesium hydroxide.

‘CST z

ptt
Sample Exercise Calculating Solubility with Varying pH. P
Calculate the molar solubility of magnesi

rf: 7 "i:ig p: {‘-’_A-{’:;" : £

KS? = ‘}7'-.\ 4")*'

Practice Molar

1) Calculate the molar solubility of calcium sulfate
K‘;? N zlht\b_ﬁ )
LHEm™ ¢ §?

Ny

2) What is the molar solubility of Ca(OH)2? What is the pH of a saturated solutj

D %10

1
C
: € S

\

3

Solubility

=

Ca S D L]]r; :—h?'

ans: solubility = 0.012 mol/L, pH = 12.37

0.5 x 107 = Hs

% 1D7Y

Kse = .5

-

agnesium hydr

um hydroxi

\)

Equilibrium .

3 £ . VI i
|t S 1] ! ¢ -
I ~— Ma " {3

J
1 [ ou-1 = 2 "

Y - o MR s e
1o g,a-% kJ' Q‘ {E}“"j B

fed — - 4, 4
t’.’ b R

oxide and the pH of a saturated solution of

de in a buffered solution where pH = 7.00

¢ = pH

fa :;.‘ ] b : - ¢ r{ A
o?
¢ 25

"% 4 25

n -7
n

\0

- ans: 4.9 x103 mol/L,

™ o 23
i r
o {3

(24} + S0427 {24
B b }

]

WA w0 ww\__'L-”

Calom). (o = (™

Pt

L

on of Ca(OH)z?\
(ag) 120H " (ag

7}

]
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3) What is the solubility of LaF3? ans: 9 x10-¢ mol/L o 44 o |
Ksp = Zxl07' LaF, () &= (a7 (3) * 3% "(a

2x107" = G)(35)° |
&= o _ | 'i;. N
txi0™"" = Us C]X !D fL

4) What is the molar solubility of Ag>S? ans: 1 x10-17 mol/L .
(=51 ; e () =204t (ag) +
K i[ j! U ﬂ &7 - 27 ﬂ ¥
L) x [0 =51 _ [__{F_B e 7 s &
P

5) Calculate the molar solubility and the concentration of each species for each of the following

a) barium bromate, Ba(BrOs),, Ksp = 2.43 x10*
ans: 3.93 x102 M, [Ba*] = 3.93 x102, [BrOs] = 7.86 x10? M e N
Ba (Br02), (5 = p3?' ag) + 2Bc0> (g )

2 43 x 10 ({ = “{G? o . ?SH\
1y 2 o in -2 -~
Bfame“m\ “ [ Ba 5%,{ { N
SRR Ny ,‘ - q 36 xi0'm )
b) lithium phosphate, LizPOs, Ksp =2.37 x10* B L
ans: 5.44 x10-2M, [Li+] = 0.163 M, [PO43] = 5.44 x10‘2 M g
LisPDy (&) = 3Li° faq ¥ POy (3
1.% =-‘.,’:‘f}'i = 77 s - <
L L 1 1 = . E E'!,? ’5 E;:-.-'
C) magnesmm phosphate, Mg3(POs), Ksp = 1. 04 %1024 :
ans: 6.26 x106 M, [Mg2*] = 1.88 x10 S M, [PO4 1=1.25 x10‘5 M B
f, y N A T 5 _;l?.’“. . Z -4 5
Mg (PO, e— 7
b oUxI10 " = (295 M ys
~ '!'” 5
' 0o S L V0 i
G.Zex107 M 2 TMe™ 7S
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d) bismuth(I1I) sulfide, Bi,Ss, Ksp=1.0x10"7
ans: zero for all practical purposes or on my TI-30 calculator. But if you have an

cxpensive calculator: 1.6 x10% M, [Bi**] =3.1 x10% M, [S*] = 4.7 x102 M
bigoa lsl) Z22p; & {ag) + 3
v

e) zinc arsenate, Zn3(AsOq),, Ksp=2.8 x1028
ans: 1.2 x10 M, [Zn**] = 3.6 x10- M, [AsO4&] =24 x10¢ M >

2n = (0 h ) - ’
_ 2% . i NT T 2
2.3 XI0 -7 0%s
| .2 x 1D | 20" ] 2 b
FRem. I | = ¥ L
3 i ket .

6) Calculate the solubility of Mn(OH);, Ksp = 1.6 x10°5, in grams per liter when buffered at

> 5 1

) 7= wn* lag

a) pH = 7.00 ans: 1400 g/L mn (0H) -
. - Ti,:’ ‘- % L:l

Ll x 1D \‘«, = :5)2
e M A )
l. ‘[}: ~ S _\t ‘]b .
.S {0~ +s

b) pH = 9.50 ans: 0.014 g/L 2 ‘ ¢ PETI

x0T = s (W -
B A 5
- ?: q I S
c) pH =11.80 ans: 3.6 x1077 g/L 3.“_ A i,
| e - 1 Yo B ? .2 3 ’ X " 11 i E ‘ i ! o
bo xio 7= 5 A0 .
-2.9 x0™ ’/

GY. () —> 27 n ()

Equilibrium
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