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7.7

How many mL of 0.100 M KI are needed to react with 40.0 mL of 0.0400 M Hg2(NO3)2 if the reaction is

Hg22+ + 2I- → Hg2I2(s)

(40.0 mL)(0.0400 mmol/mL) = 1.60 mmol I-, because KI is a soluble salt

They react in a 1:2 mole ratio.

(1.60 mmol I-)(1 mmol Hg22+/2 mmol I-)(1 mL/0.100 mmol) = 8.00 mL

7.11

0.5413 g of powdered limestone was dissolved and CO2 was expelled by adding 10.00 mL of 1.396 M of HCl.  The excess HCl required 39.96 mL of 0.1004 M NaOH.  Find the weight percent of calcite (CaCO3) in the limestone.
CaCO3(s) + 2H+  → Ca2+  +  CO2(g)  + H2O
mmoles H+ reacted = {(10.00 mL)(1.396 M) -(39.96 mL NaOH)(0.1004 mmol/mL)}= 9.95 mmol
moles of CaCO3 reacted = 9.95/2 = 4.97 mmol CaCO3

mass 0f CaCO3 = (4.97 mmol) *(100.0762) = 497.7798 mg

wt % = (497.7798/541.3)*100 = 92.0 %

7.12

The Kjeldahl reaction was used to analyze 256 L of a solution containing 37.9 mg protein/mL.  The liberated NH3 was collected in 5.00 mL of 0.0336 M HCl, and the remaining acid required 6.34 mL of 0.10 M NaOH for complete neutralization.  What is the weight percent of the nitrogen in the protein?

Protein + heat and acid → NH4+ + CO2(g) + H2O

Base is added and ammonium is converted to NH3(g) and the gas is collected in a solution containing a known amount of strong acid.

H+ + NH3 → NH4+ , leaving an excess amount of H+.

mmoles N = {(5.00mL)( 0.0336M) -(6.34 mL NaOH)(0.10 mmol/mL)}= 0.1046 mmol

mg N = (0.1046 mmol)*(14.0067 mg/mmol) = 1.465 mg N

mg protein = (0.256 mL)*(37.9 mg/mL) =  9.7024 mg protein

% N = (1.465/9.7024)*100 = 15.1 %
7.13
Arsenic oxide (As2O3) is available in pure form and is a useful primary standard for oxidizing agents, such as MnO4-.  

Titration reaction

As2O3 + OH- ↔ 2HAsO32- + H2O

HAsO32- + 2H+  → H3AsO4  

5H3AsO3  + 2 MnO4- + 6H+ → 5H3AsO4  + 2 Mn2+  + 3H2O
a) 3.214 g of KMnO4 was dissolved in 1.000 L.  What is the theoretical molarity of this solution?
(3.214 g)/(1mol/158.034)*(1/1.000 L) = 0.02034 M

b) How much As2O3 would we expect to react with 25.00 mL of the solution in a)

(25.00)(0.02034)(5 mol H3AsO3/2 mol MnO4)(1mol As2O3/2 mol H3AsO4)(197.84 mg/mmol) = 125.7 mg

c) It was found that 0.1468 g of As2O3 required 29.98 mL.  The blank required 0.03 mL.  Calculate the actual concentration of the MnO4- solution.
(146.8 mg)(1 mmol/197.84 mg)(4 mol MnO4-/5mol As2O3)*(1/(29.98mL-0.03mL)) =  0.01982 M  

7.16
A CN- solution with a volume of 12.73 mL was treated with 25.00 mL of Ni2+ solution to form Ni(CN)42-.  The excess Ni2+ was titrated with 10.15 mL of a 0.01307 M solution of EDTA.

Ni2+  + 4CN- →  Ni(CN)42-
Ni2+ + EDTA4- → Ni(EDTA)2-
Ni(CN)42- does not react with EDTA.

If 39.35 mL is required to titrate 30.10 mL of the original Ni2+ solution, determine the concentration of the cyanide solution.

[Ni2+] = (39.35 mL)(0.01307)/30.10 mL = 0.017087 M

{(25.00 mL)(0.017087 M)-(10.15*0.01307)}(4 mmol CN-/1 mmol Ni2+)(1/12.73 mL) = 0.09254 M

7.28
A mixture having a volume of 100.0 mL and containing 0.100 M Ag+ and 0.100 M Hg22+ was titrated with 0.1000 M KCN to precipitate Hg2(CN)2 and AgCN.  Calculate the pCN- at each of the following volumes; 5.00, 10.00, 15.00, 19.90, 20.10, 25.00, 30.00, 35.00 mL.

Should any AgCN be precipitated at 19.90 mL?

Appendix F

Ksp(Hg2(CN)2) = 5·10-40
Ksp(AgCN) = 2.2·10-16
At 5.00 mL added

[Hg22+] = 

{(10 mL)(0.100 M) – (5.00 mL)(0.1000)(1 mmol Hg22+/2mmol CN-)}/15.0 mL = 

5.00·10-2 M
[CN-] = {Ksp(Hg2(CN)2)/[Hg22+]}1/2 = 1.00·10-19 M

[Ag+] = (0.100)(10/15) = 0.0667 M
QAgCN = [Ag+][CN-] = 6.67·10-21 < Ksp(AgCN), therefore no AgCN precipitates

p(CN-) = -log [CN-] = 19.00
At 19.90 mL added
[Hg22+] = 

{(10 mL)(0.100 M) – (19.90 mL)(0.1000)(1 mmol Hg22+/2mmol CN-)}/29.90 mL = 

1.67·10-4 M

[CN-] = {Ksp(Hg2(CN)2)/[Hg22+]}1/2 = 1.73·10-18 M

[Ag+] = (0.100)(10/29.90) = 0.0334 M

QAgCN = [Ag+][CN-] = 5.78·10-20 < Ksp(AgCN), therefore no AgCN precipitates

p(CN-) = -log [CN-] = 17.76

at 20.10 mL added, we are past the first equivalence, essentially all of the Hg22+ has been exhausted, and now Ag+ will precipitate as AgCN.
[Ag+] = ((10mL)(0.100) – (20.10-20.00)(.1000))/30.10 mL = 0.0329 M
[CN-] = Ksp(AgCN)/[Ag+] = 6.69·10-15 M

pCN- = 14.17

[Hg22+] = Ksp(Hg2(CN)2)/[CN-]2 = 1.12·10-11 M

At 30.00 mL added we have reached the second equivalence point.  Essentially all of the Ag+ has been titrated and there is no excess [CN-].  Therefore,
Ksp(AgCN) = x2, where x = [CN-]

[CN-] = 1.48·10-8 M
pCN- = 7.83

[Hg22+] = Ksp(Hg2(CN)2)/[CN-]2 = 2.27·10-24 M

At 35.00 mL added we have gone 5.00 mL past the second equivalence point.

[CN-] = (0.1000)(5.00 mL)/(35.00 mL) = 1.11·10-2 M
pCN- = 1.95

	 
	[Hg22+]
	[CN-]
	[Ag+]
	Q(AgCN)
	pCN-

	0.00
	
	 
	0.1
	 
	 

	5.00
	5.00E-02
	1.00E-19
	6.67E-02
	6.67E-21
	19.00

	10.00
	2.50E-02
	1.41E-19
	5.00E-02
	7.07E-21
	18.85

	15.00
	1.00E-02
	2.24E-19
	4.00E-02
	8.94E-21
	18.65

	19.90
	1.67E-04
	1.73E-18
	3.34E-02
	5.78E-20
	17.76

	20.10
	1.12E-11
	6.69E-15
	3.29E-02
	2.20E-16
	14.17

	25.00
	2.11E-12
	1.54E-14
	1.43E-02
	2.20E-16
	13.81

	30.00
	2.27E-24
	1.48E-08
	1.48E-08
	2.20E-16
	7.83

	35.00
	4.05E-36
	1.11E-02
	1.98E-14
	2.20E-16
	1.95


7.36

A 30.00 mL solution of I- was treated with 50.00 mL of 0.365 M AgNO3.  AgI(s) was filtered off and the filtrate (plus Fe3+) was titrated with 0.2870 M KSCN.  When 37.60 mL had been added, the solution turned red.  How many mg of I- were in the original solution?

This is a back titration

Ag+ + SCN- → Ag(SCN)(s)
Ksp(AgSCN) = 1.1·10-12
mmol Ag+ added = (50.00 mL)(0.365 M)  =  18.25 mmol
mmol Ag+ reacted with SCN- = (37.60 mL)(0.2870 M)  =  10.791 mmol 

mmol Ag+ reacted with I- = 7.46 mmol

mmol I- = 7.46 mmol

[I-] = 7.46 mmol/30.00 mL = 0.25 M
