Chemistry2000Spring2001SectionB Assignment
Solutions

1. (a) Thesolubility equilibriumis

Mg(OH) g = Ptf;q) +20H -

Thesolubility product(Ksp) of thissaltis 1.5 x 10~ Thus

Ksp= (amg2+) (Bon-)*-
Supposehatthesolubility is s. Thenaygz+ = sandagy- = 2s.

. 15x107 = (292 =145
s = 155x10°4

Thesolubility is thereforel.55 x 10~*mol/L.

(b) In apH 4 buffer, a4+ = 10~ UsingKy, we find thatagy- = 10710, Sinceaygzr =
Ksp/a%H, , wefind asolubility of 1.5 x 10°mol/L. Thisabsurdlyhighnumbeiindicates
thatthe solubility will be extremelyhigh,andmostlylimited by the buffering capacity
of the solution.

2. We canusethe molarmassto corvertthe solubility to mol/L:

0.02g/L

290 _16%10 *mol/L.
12671g/mol -0 10 "mol/

Thesolubility processs

Gal%(s) =G :q) + 3F(_aq)'

Theconcentratiomf galliumin solutionwill beequatlto swhile theconcentratiomf fluoride
will be3s. Accordingly,

Ksp=5(39)% = 27" = 1.7x 10714

3. (a) 1kgof maplesugars 2% of theinitial weightof sap,i.e.0.02m = 1kg, whichimplies
thatm = 50kg.



(b) We needto take the sapfrom 5°C to the boiling point, assumedo be about100°C}
Theamountof heatrequiredto dothisis

g1 = MCpAT = (50x 10°g)(4.18JK ~1g1)(95K) = 20MJ.

We mustalsoboil away 49kg of water The heatof vaporizationof wateris 2260J/g,
sothattakes
02 = (49x 10°g)(22600/g) = 111MJ.

Thetotal heatrequiredis thereforel31MJ.
(6) Muood= (131MJ)/(4MJ/kg) = 33kg.

4. (a) Weneedabalancedeaction:

1
Na(s) + H20(|) — NaOH(aq) + EHZ(Q).

For thisreaction,

o o 1 o o o
aH" = AHf(Naowm)szAHf(Hag))—(AHf<Na<s)>+AHf<Hzom>)
— 470114+ %(0) [0+ (—285830)] kJ/mol
= —184284kJ/mol.

Thenumberof molesof sodiumis

10g

— =9 _043mol
229898g/mol  >-+3M°

MNa

Thetotal heatreleaseds therefore

q= (—184284kJ/mol)(0.43mol) = —80kJ.

(b) Thereactionis exothermicsothewatergains 80kJ of heat.

80x 103J
AT = (4009)(4.18JK-1g-1) — 48K.

Thefinal temperaturevould be 15+ 48°C = 63°C.

(c) The reactionproduces0.43mol of hydroxideions. The volume of the solutionis
(4009)/(0.9971g/mL) = 401mL. The concentrationof hydroxide is therefore
(0.43mol)/(0.401L) = 1.2mol/L. Theactiity of hydrogenionswould be approxi-
mately10~14/1.1 = 9.2 x 10715, which givesa pH of 14.0.

IThis is probablythe shakiesassumptiorin the whole calculationsincethe boiling pointwill increaseasthe sap
becomesnoreconcentrated.



