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September 27, 2016
(a) A mixture of NO(g) and O2(g) in a 5.0L vessel at 25⁰C has a total pressure of 5 bar and a mass of O2 of 21.89g. How many moles of NO(g) are in the vessel? 
m = 21.89g/32.00g/mol = n = 0.684mol, P(O2) = nRT/V = 0.684x 0.08314x 298/5.0 = 3.389bar
P(NO) =  5-3.39  = 1.61 bar, moles = PV/RT = (1.61 x 5.0)/(0.08314 x 298) = 0.325 moles NO

(b) Potassium dichromate, K2(Cr2O7), dissociates into K+ and Cr2O72- ions in aqueous solution. If 67.67g of K2(Cr2O7) was dissolved in 100mL of water, what is the concentration of dichromate? 
67.67g x 1/294.2g/mol = 0.230, 0.230mol/0.1L = 2.30M

(c) Balance the following reaction in aqueous acid solution
NO +  Cr2O72- → Cr3+ + NO3-

NO + 2H2O →  NO3- + 4H+ + 3e
Cr2O72-  + 14H+ + 6e → 2Cr3+ + 7H2O
2NO + 4H2O  →  2NO3- + 8H+ + 6e
2NO + Cr2O72-  + 6H+→  2NO3- + 2Cr3+ + 3H2O



(d) Given this data what is the theoretical yield in grams of NO3-?
Stoichiometric ratio NO/Cr2O72- = 2/1 or course they could also use Cr2O72-/ NO = 1/2
 The limiting reagent is NO (0.325/0.230 = 1.41<2)
0.325 mol NO x (2mol NO3-/2 mole NO) = 0.325 mol NO3- x 62.01g/mol = 20.15 g
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(a) A mixture of NO(g) and O2(g) in a 3.0L vessel at 25⁰C has a total pressure of 5 bar and a mass of O2 of 4.99g. How many moles of NO(g) are in the vessel?
m = 4.99g/32g/mol =  n = 0.156  P(O2) = nRT/V = 0.156 x 0.08314x 298/3.0 = 1.288
P(NO) = 5-1.288 = 3.71 bar, moles = PV/RT = (3.71 x 3.0)/(0.08314 x 298) = 0.449 moles NO

(b) Potassium dichromate, K2(Cr2O7), dissociates into K+ and Cr2O72- ions in aqueous solution. If 61.78g of K2(Cr2O7) was dissolved in 200mL of water, what is the concentration of dichromate? 
61.78g x 1/294.2g/mol = 0.20999, 0.210/0.200 = 1.05M

(c) Balance the following reaction in aqueous acid solution
NO +  Cr2O72- → Cr3+ + NO3-

NO + 2H2O →  NO3- + 4H+ + 3e
Cr2O72-  + 14H+ + 6e → 2Cr3+ + 7H2O
2NO + 4H2O  →  2NO3- + 8H+ + 6e
2NO + Cr2O72-  + 6H+→  2NO3- + 2Cr3+ + 3H2O



(d) Given this data what is the theoretical yield in grams of NO3-?
Stoichiometric ratio NO/Cr2O72- = 2/1 or course they could also use Cr2O72-/ NO = 1/2
The limiting reagent is Cr2O72-   (0.210/0.449 = 0.468 < 1/2)
0.210 mol Cr2O72-   x (2mol NO3-/1 mole Cr2O72-  ) = 0.420 mol NO3- x 62.01g/mol = 26.0 g
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(a) A mixture of NO2(g) and O2(g) in a 4.0L vessel at 25⁰C has a total pressure of 5 bar and a mass of O2 of 5.38g. How many moles of NO2(g) are in the vessel?
m = 5.38g x 1mol/32g  = n = 0.168  P(O2) = nRT/V = 0.168 x 0.08314x 298/4.0  = 1.04,
P(NO2) = 5-1.04 = 3.959 bar, moles = PV/RT = (3.959 x 4.0)/(0.08314 x 298) = 0.639 molesNO2

(b) Potassium dichromate, K2(Cr2O7), dissociates into K+ and Cr2O72- ions in aqueous solution. If 48.84g of K2(Cr2O7) was dissolved in 75mL of water, what is the concentration of dichromate? 
48.84g x 1/294.2g/mol = 0.166, 0.166/0.075 = 2.21M

(c) Balance the following reaction in aqueous acid solution
NO2 +  Cr2O72- → Cr3+ + NO3-

NO2 + H2O  → NO3- + 2H+ + 1e
Cr2O72-  + 14H+ + 6e → 2Cr3+ + 7H2O
6NO2 + 6 H2O  → 6 NO3- + 12H+ + 6e
6NO2 + Cr2O72-  + 2H+ → 6 NO3- + 2Cr3+ + H2O



(d) Given this data what is the theoretical yield in grams of NO3-?
Stoichiometric ratio NO2/Cr2O72- = 6/1 or course they could also use Cr2O72-/ NO2 = 1/6
The limiting reagent is NO2 (0.639/0.166  = 3.85<6)
0.639 moles NO2 x 1 mole NO3-/mole NO2 = 0.639 moles NO3- x62.01 g/mol = 39.62 g  
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 (a) A mixture of NO2(g) and O2(g) in a 5.0L vessel at 25⁰C has a total pressure of 5 bar and a mass of O2 of 15.48g. How many moles of NO2(g) are in the vessel? 
m = 15.48 x 1mole/32g = n = 0.4838, P(O2) =nRT/V = 0.4838 x 0.08314 x 298/5.0  = 2.397bar
P(NO2) = 5-2.40 = 2.60 bar, moles = PV/RT = (2.60 x 5.0)/(0.08314 x 298) = 0.5253 moles

(b) Potassium dichromate, K2(Cr2O7), dissociates into K+ and Cr2O72- ions in aqueous solution. If 25.30g of K2(Cr2O7) was dissolved in 50mL of water, what is the concentration of dichromate? 
25.30g x 1/294.2g/mol = 0.085996, 0.0860/0.05 = 1.72M

(c) Balance the following reaction in aqueous acid solution
NO2 +  Cr2O72- → Cr3+ + NO3-

NO2 + H2O  → NO3- + 2H+ + 1e
Cr2O72-  + 14H+ + 6e → 2Cr3+ + 7H2O
6NO2 + 6 H2O  → 6 NO3- + 12H+ + 6e
6NO2 + Cr2O72-  + 2H+ → 6 NO3- + 2Cr3+ + H2O



(d) Given this data what is the theoretical yield in grams of NO3-?
Stoichiometric ratio NO2/Cr2O72- = 6/1 or course they could also use Cr2O72-/ NO2 = 1/6
The limiting reagent is Cr2O72-  (0.0860/0.5253  = 0.1637 < 0.1667 = 1/6)
0.0860 moles Cr2O72-   x 6 mole NO3-/mole Cr2O72-   = 0.516 moles NO3- x62.01 g/mol = 31.997 g  


Gas Laws
PV  =  nRT
PTotal  =  P1 + P2 + P3 + . . . 
d = m /V = P(MW) / RT
KE  = (1/2)mvav2











Constants
Avogadro’s Number	N	6.022x1023	mol-1
Boltzmann’s constant	k	1.30866x10-23	J·K-1
Faraday’s constant	F	96,485	C·mol-1
Gas constant	R	8.314	J·K-1·mol-1
	R	8.314	kPa·L/(mol·K)	
	R	0.08206	atm·L·K-1·mol-1
	R	0.083145	bar·L·K-1·mol-1
Planck’s constant	h	6.62608x10-34	J·s	
Speed of Light	c	2.99792458x108	m·s-1

Conversion Factors:
760mm Hg = 1atm = 101,325 Pa = 1.01325 bar
degree K = degree °C + 273.15

Atomic Masses
K 	39.10g/mol
Cr 	52.00g/mol
O	16.00g/mol
N	14.01g/mol
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