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AP* Solubility Equilibrium Free Response Questions

1985

Average score = 2.87
a) two points
SrS04(s) <===> Sr(aq)*" + SO4* (aq)
at equilibrium: [SO4* ] =x = [Sr*"]
(x) (x) =Kg=7.6x10"7
(x) = 8.7 x 10" mol / liter = solubility of SrSO4

b) three ponts
SrF,(s) <===> Sr(aq)*" + 2 F(aq)
at equilibrium: [Sr*] =x, [F ] =2x
Ko =[S [F P =(x) 2x)*=7.9x 10"

X =5.8x 10 * mol / liter = solubility of SrF,

¢) two points
Solve for [Sr' required for precipitation of each salt.
Ko =[SPNF ?=7.9x 10"
=(x) (0.020 mole / 1.0L)*=7.9x 10"
x=20x10"°M
Ky = [SP*][SO, 1=7.6x 107"
= (y) (0.10 mole/1.0 liter) = 7.6 x 10"
y=7.6x10°M
Since 2.0 x 10 * M < 7.6 x 10 ® M, SrF, must precipitate first.
When SrF, precipitates, [S]=2.0x 10 °M

d) two points

The second precipitate to form is SrSO4, which appears when [Sr*']=7.6 x 10 ° M (Based on
calculation in Part c.)

When [St?']=7.6 x 10 ° M, [F ] is determined as follows:
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reserved. For face-to-face teaching purposes, classroom teachers are permitted to reproduce the questions. Web or Mass distribution
prohibited.



Page 2

AP* Solubility Equilibrium Free Response Questions
Ko =[S F P =7.9x 107"
=(7.6x10 9 (2)*=79x10""

z=1.0x10°M
%F ™ still in solution=1.0x 10 2/2.0 x 10 2 x 100 = 50.%
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1. The solubility of iron(II) hydroxide, Fe(OH), is 1.43 x 10~3 gram per liter at 25° C.

(a) Write a balanced equation for the solubility equilibrium.

(b) Write the expression for the solubility product constant, Ksp, and calculate its value.
(¢) Calculate the pH of a saturated solution-of Fe(OH); at 25° C.

(d) A 50.0-milliliter sample of 3.00 x 10~ 3-molar FeSO, solution is added to 50.0 milliliters of 4.00 x 10~ ¢-molar
" NaOH solution. Does a precipitate of Fe(OH), form? Explain and show calculations to support your answer.
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STANDARDS CHEMISTRY
1994
() Kgp = [Mg2*][F~)2 (1 pt.)
= (1.21 x 1073)(2 x 1.21 x 10-3)2
-~ 7.09 x 10°9 (1 pr.)

Note: 1f number of significant figures in final answer differs by
more than one from the appropriate number, 1 point is
deducted ONCE PER PROBLEM.

(b) b 4 = [Mg?*](2x + 0.100)2 2x << 0.100 (1 pt.) for proper
SP g . . P
7.09 x 10°9 = [Mg2+](0.010)2 substitution
[Mg2¥] = (7.09 x 10-9)/(10-2)
= 7.09 x 107 ¥ (1 pt.)

Note: OK if 0.102 is used for [F~], then Ksp = 6.76 x 1077

(e) [Mg2*]: 100.0 x 3.00 x 10°3 = 300.0 x [Mg2+)

[Mg2¥] = 1.00 x 10-3 (1 pt.) if both
concentrations are
[F7]: 200.0 x 2.00 x 103 =~ 300.0 x [F-] correct

[F7] = 1.33 x10°3 x4

Q = Ion Product = [Mg2+][F-)2
= (1.00 x 10-3)(1.33 x 10-3)2 *%
= 1.77 x 1079 (1 pt.)

Since Q < Ksp » mno precipitate will form (1 pt.)

Note: conclusion must be consistent with Q value.

*% Correct substitution and calculation of the wrong
concentration values earns the second point, but not
the first.

(d) Solubility of MgF, decreases with increasing

temperature, thus dissolution process is exothermic (1 pt.)
- k———u——-—\
MgFa(s) & Mg2*t + 2 F + Q (or H)
Reason:
EITHER

i) Increased temperature puts a stress on the system
(Le Chitelier). The system will reduce the stress
by shifting the equilibrium in the endothermic (left)
direction

OR (I pt.)

ii) a data supported argument such as comparing ion
concentrations, calculating second Xsp and giving
proper interpretations.
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al.

ail.

aiii.

bi.

Cu(OH)s(s) & Cu**(ag) +2 OH(aq)
Phases are not needed, but correct stoichiometry and charges are needed.
H,0 written as reactant or product loses credit.

-6,
1.72 3 Need not be
L72x10° 72 1 763x10° molesof Cu(OH),

&=
9757 / explicitly computed

1.763 x 10°® moles 4
=1.76 x 1077 moles/.
0.100 liter Ater

1 pt for mass-to-moles conversion;
1 pt for volume conversion.

(Cu™]=1.76x 10" M
[OH1=2(1.76 x 107 M) =3.52x 107 M

\,,—[Cu’*][OH]-—umxlo M)(3.52 x 107 M)
=2.18 x 107

I point for correct concentrations of Cu”* and OH .

1 point for correct substitution into K, expression and answer.

(If answer does not give an explicit smrementfar [Ol-f] but goes directly to Ksp
expression, both points can be earned if the [ Cu’*] and [OH ] are correctly used,
and the answer is correct.)

pH =9.35 = pOH = 4.65 = [OH] = 2.24 x 107 M (no sig fig restriction)

= K, _ 77x10"

= =15x107
[OH')*  24x10%)
I point for determining correct [OH |.
I point for correct answer. (As:ume [Zn** ] equals the solubility in '""'“/,,,‘,,)
If [OH] is assumed to be 2[Zn*], no credit possible. (NOT K,, = 47).

I pr.

I pt.

[ pt.

1 pt.

1 pt.

! pt.

I pr.
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bii. If answer clearly indicates the following precipitation reaction, credit can be earned for
calculation of moles OH or [OH].

Zn™ + 20H - Zn(OH)qfs)
[l 0.0050 moles 0.0150 moles  eeee
[ PE— 0.0050 moles remain 0.0050 moles formed

or .
[lr (o] = 20050 moles _ 1 hsom
0.100 liter
Zn(OH)(s) - Zn* + 2 OH
X (0.050 + 2x)

K,,=7.7x10"" =[Zn *1.[OH 1% =(x)(0.050 + 2x)? = (x)(0.050)>
x=[Zn*]=3.1x10" M

Alternatively
Zn(OH)afs) - Zn?* + 20H
(0.050 - x) (0.150 - 2x)

K,, =7.7x10"7 =[Zn**]-[OH ]* =(0.050- x)(0.150 - 2x)°

Solving for x and subtracting x from 0.050 M to obtain [Zn™*]
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! pt.
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