Chemistry CHM 1311C Test 1
October 16, 2012 C 
Darrin Richeson
Name:


Student Number:



Laboratory Day (circle one): 
	Tuesday 2:30
	Tuesday 6:30

	Wednesday 10:00
	Thursday 2:30

	Thursday 6:30 
	Friday 2:30


Laboratory TA: 


DO NOT TURN THE PAGE OR START THE EXAM UNTIL YOU ARE NOTIFIED.

You will have 80 minutes for the exam. 

There are 9 pages for the exam. 

Data and a periodic table are on the last three pages.

Feel free to remove these and use them.

	Question
	Mark

	1
	/ 6

	2
	/ 6

	3
	/ 6

	4
	/ 6

	5
	/6

	
	

	Total
	/30


Good Luck.

1. A sample of ammonium nitrate decomposed completely in a closed vessel with a volume of 750 mL according to the following equation: 
NH4NO3 →N2(g) + O2(g) + H2O(g)   (unbalanced!)

The resulting mixture exerted a pressure of 1050 mmHg at 50ºC. 

What is the partial pressure of each gas in the container? 

What was the mass of the original sample? 

Answer:

Balanced equation:

NH4NO3 → N2(g) + 1/2 O2(g) + 2 H2O(g) (necessary to calc P)
The total pressure = pressure of N2 + pressure of O2+pressure of H2O

Partial pressure is proportional to mole fraction and 

mole fraction=moles of X/total moles 
 mole fraction of N2 = mole fraction N2
 mole fraction O2 =   ½  mole fraction of N2 
mole fraction H2O= 2 mole fraction of N2 
700 torr = PN2 + PO2 + PH2O = mole fraction N2 x P + mole fraction of O2 x P + mole fraction H2O x P = 3.5 x mole fraction N2 xP
P N2 = 300 mm Hg, 
PO2  = 150 mm Hg, 
P H2O = 600 mm Hg 

(P total = 1050 mm Hg)
(or N2 0.3947 atm, O2 0.1974 atm, H2O = 0.7895 atm)
Now we can calculate the mass of the original sample

Moles of N2 = PV/RT = ((300/760 atm) x 0.75L)/(0.0821Latmmol-1K-1 x 323.15K) = 0.0112 moles N2 
Moles O2 = 0.005579 moles   AND  moles H2O = 0.02232 moles
Moles NH4NO3 = moles N2 = 0.0112 moles
Mass of NH4NO3 = 0.0112 moles x 80.02g/mol =0.893 g
2. Chlorine can be prepared from the reduction of the perchlorate anion (ClO4-)  using the following series of reactions:


ClO4- + H2C2O4 → CO2 +  Cl- + H2O (unbalanced)
ClO4- + 8H+ + 7Cl- → 4Cl2 + 4H2O

(a) Balance the first reaction. You may find the following unbalanced half reactions useful:

ClO4- → Cl- 

H2C2O4 → CO2 + H+
(b) How many grams of chlorine can be produced from 150 grams of H2C2O4  (oxalic acid) if each reaction has a 87% yield?

Answer:  

(a) 
ClO4- + 8H+ + 8 e- → Cl- + 4H2O
4x (H2C2O4 → 2CO2 + 2H+ + 2e-)
ClO4- + 4 H2C2O4 → 8CO2 +  Cl- + 4H2O
(b) 150 grams of H2C2O4  x 1mole/90.0g 1 mole Cl-/4 moles H2C2O4 = 0.417 moles Cl- 

0.417 moles Cl-  x 0.87 = 0.3628 moles Cl-
 0.3628 moles Cl- x 4 mole Cl2/7 mole Cl-  = 0.2073 moles Cl2
0.2073 moles Cl2 x 0.87 = 0.1804 mol Cl2 

0.1804 mol Cl2 x 70.9g/mol = 12.79g Cl2 

3. Nitroglycerin decomposes to give nitrogen, oxygen, carbon dioxide and water according to the unbalanced equation: 

C3H5(NO3)3 (l) → N2(g) + O2(g) + CO2 (g) + H2O(g)

Calculate the enthalpy of this reaction when 1.00 g of nitroglycerin decomposes.

3C(s) +9/2O2(g) + 5/2H2(g) + 3/2N2(g) → C3H5(NO3)3(l)
H = –364 kJ mol-1
H2(g) +1/2O2(g) → H2O(l)




H = –285.8 kJ mol-1    

C(s) +O2(g) → CO2(g) 





H = –393.5 kJ mol-1    

NO2(g) → 1/2N2(s) +O2(g)




H = 33.18 kJ mol-1    

H2(g) +1/2O2(g) → H2O(g) 




H  = –241.8 kJ mol-1
C(s) + 1/2O2(g) → CO (g) 




H = –110.5 kJ mol-1    

Answer:

Three choices for possible balanced equations:

C3H5(NO3)3 (l) → 3/2N2(g) + 1/4O2(g) + 3CO2 (g) + 5/2H2O(g)

2C3H5(NO3)3 (l) → 3N2(g) + 1/2O2(g) + 6CO2 (g) + 5H2O(g)

4C3H5(NO3)3 (l) → 6N2(g) + O2(g) + 12CO2 (g) + 10H2O(g)

Using the first one

C3H5(NO3)3(l) → 3C(s) +9/2O2(g) + 5/2H2(g) + 3/2N2(g)
H = +364 kJ mol-1
3x(C(s) +O2(g) → CO2(g)) 




3x(H = –393.5 kJ mol-1)    

5/2x(H2(g) +1/2O2(g) → H2O(g)) 



5/2xH  = –241.8 kJ mol-1)

C3H5(NO3)3 (l) → 3/2N2(g) + 1/4O2(g) + 3CO2 (g) + 5/2H2O(g)

H = -1421 kJ mol-1
All of the equations give the same answer. Using the second equation:

2x(C3H5(NO3)3(l) → 3C(s) +9/2O2(g) + 5/2H2(g) + 3/2N2(g))
2x(H = +364 kJ mol-1)

6x(C(s) +O2(g) → CO2(g)) 




6x(H = –393.5 kJ mol-1)    

5x(H2(g) +1/2O2(g) → H2O(g)) 




5xH  = –241.8 kJ mol-1)

2C3H5(NO3)3 (l) → 3N2(g) + 1/2O2(g) + 6CO2 (g) + 5H2O(g)








H = –2842 kJ OR -1421 kJ mol-1 

This is for 2 moles of nitroglycerin

Converting to 1 g of nitroglycerin:

1g C3H5(NO3)3 x (1mol/227.1g) = 0.004403 moles

0.004403 moles x -1421 kJ mol-1= -6.26kJ/gram

4. Fructose is a natural sugar with the formula C6H12O6. The combustion of fructose produces CO2 (g) and H2O(l). The enthalpy of combustion releases 180.2kJ/mole. 

Assume that the heat that is released can be converted to useful work with 66% efficiency.
(a) Write a balance equation for the combustion of fructose.

(b) You are given 100 g of fructose that is combusted and used to raise a mass of 500 kg. How high (in meters) can the weigh be raised? 

Answer
(a) C6H12O6 + 6O2→ 6CO2 + 6H2O
(b) Heat evolved in combustion = 180.2 kJ/mole x 1 mole/180.1g x 500g = 100 kJ

Only 66% converted so 100 kJ x 0.66 = 66 kJ (this is the energy available from the fructose) 

Work = 500 kg x 9.8 m/s2 x H m 
  recall that a  Joule = N m  =  kg m2/s2
66 kJ = 66 x 103 J = 500 kg x 9.8m/s2 x H 
H = 13.47 m = 13.5 m

5.  What is the minimum value of n for the following values?
l = 1 
Ans. l = 1 has minimum value of n = 2
ml = -3
Ans. l is at least 3, n is at least 4
ml = -2 Ans. means that l is at least 2, n is at least 3
l  = -1
Ans.  not  possible
How many electrons can be described by the each of the following sets of quantum numbers?

n = 5, l = 1 
l = 1, there are 3ml values, 2 electtons each = 6 electrons
n = 4, l = 4, ml = -1, ms= -1/2 

l =4 is not allowed so none
What is the electronic configuration of a vanadium atom? How many unpaired electrons are on a vanadium atom?

1s22s22p63s23p64s23d3 = [Ar] 4s23d3
The 3 electrons in the d orbitals are unpaired

Thermodynamic data for temperature = 298.15 K

Ho​(kJ/mol) 

Go(kJ/mol K)
So(J/mol K)

PCl3(g)
-287


-267.8


311.8

PCl5(g)
-374.9


-305.0


364.6
POCl3(g)






222.4

SO2Cl2(g)
-364.0


-320.0


311.9

COCl2(g)
-218.8


-204.6


283.5




Cl2(g)

0


0


223.1

O2(g)

0


0


205.11

SO2(g)

-296.8


-300.2


248.2

CO(g)

-110.5


-137.2


197.7

SO3(g)

-395.7


-371.1


256.8

I(g) 

106.8 


70.25 


180.8 

I2(g)

62.44


19.33


260.7

I2(s)

0


0


116.1



CH​4(g)

-75.0





186.3



CH3OH(l)
-237





126.8



O2(g)

0


0


205.1



N2H4(g)
95.4





238.5

N2O4(g)
11.1





304.4

H2O(g)

-241.8





188.8

N2(g)

0.0





191.6

N2H4(l)
50.6





121.2

N2O4(l)
-19.5





209.2

SnO2(s)
-580.7





52.3
C(s) 

0





5.74
Sn(s) 







51.2
2CO2(g) 
-393.5





213.8

H2







130.7

Br2(g)

30.91





245.5
HBr

-36.4





198.7
	Work = mass x acceleration x height
Gas Law
PV  =  nRT

PTotal  =  P1 + P2 + P3 + . . . 
d = m /V = P(MW) / RT

KE  = (1/2)mvav2
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Equilibrium

Kp = K(RT)n
Acid/Base

pOH = -log [OH-] 

pH = -log[H + ]
pH + pOH = 14 
Ka x Kb = Kw
pH = pKa +log [A]/[HA]
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	Thermodynamics

U = q + w
wsystem  =  PV
H  =  U + PV 
qP  =  U + PV

Cp = Cv + R 
Hrxn°=npHf(products) 

               nrHf(reactants)

qrev = -wmax = nRT ln (V2/V1)

S = qrev / T
ST1-T2 = nCp ln(T2/T1)

S T1-T2 = nCv ln(T2/T1)
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Go  =  Ho  -  TSo

G = Go + RT ln(Q)
Go = - RT ln(K)
ln(K2/K1) =  -Ho/R (1/T2 - 1/T1)




Data For Water

Density  = 1.00 g/mL (25°C)


C = 2.13 J g- K- (solid)
C = 4.18 J g- K- (liquid)
H°fus = 6.02 kJ mol-
Cp = 2.01 J g- K- (gas)
H°vap = 40.7 kJ mol-
Constants

Acceleration of gravity
g
9.8
m/s2
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
8.31451
J·K-1·mol-1



R
0.08206
atm·L·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s
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Speed of Light
c
2.99792458x108
m·s-1
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