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

You will have 80 minutes for the exam. 

There are data and a periodic table on the last two pages.
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	Question
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	/ 5
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	/5

	
	

	Total
	/30


Good Luck.

1.  The green mineral malachite, contains copper carbonate CuCO3. This mineral may have been used by early humans to isolate copper metal. This process would begin by first heating CuCO3 to form copper oxide (CuO) and release carbon dioxide gas. Next the copper is reduced to its elemental form by heating in the presence of carbon (from charcoal or coke) to produce copper metal and carbon dioxide. 

(a) You are given 7.0 g malachite and 0.50 g of C. What is the theoretical yield of Cu

(b) If 2.3 g of Cu were isolated from this reaction, what is the volume of CO2 that is generated at 1atm and 298K?

ANSWER:

Useful equations:

2CuCO3 (s) → 2CuO(s) + 2CO2(g)

2CuO(s) + C(s) → 2Cu(s) + CO2(g)

Overall

2CuCO3 + C(s) → 2Cu(s) + 3CO2(g)

Convert to moles and determine LR

Convert LR to Cu using stoichiometry

7 g CuCO3 x 1mol/123.56g = 0.05665 moles CuCO3
0.50 g C x 1mol/12.01g = 0.04163 moles C

Need 2 moles CuCO3/mole C so CuCO3 is LR
Theoretical Cu = 0.05665 moles CuCO3 x 1mole Cu/mole CuCO3 x 63.55gCu/mole Cu

= 3.60 g Cu

Not theoretical but can convert to moles 

Use stoichiometry to get moles CO2

Ideal gas to get V
With 2.3 g Cu we have less than theoretical amount. 

2.3 g Cu x 1mole/63.55g = 0.0362 moles Cu

0.0362 moles Cu x 3 moles CO2/2mols Cu = 0.0543 moles CO2

V = nRT/P = 0.0543 x 0.0821x 298/1= 1.328 L

2. At room temperature, dinitrogen pentoxide (N2O5) is a colorless solid that decomposes by the following reaction:

2N2O5(s) → 4NO2(g) + O2(g  )

After reaction, gas is captured in a 2.0L closed vessel with a pressure of 970 mm Hg at 27°C

(a) What is the pressure of NO2(g) container? 

(b) What was the mass of the original sample? 

(c) What will happen to the mole fraction of NO2 as the gas mixture is cooled?
ANSWER:

Ptotal = 970 mmHg = 1.276 atm
Realize mole fraction  is 4/5 for NO2 and 1/5 for O2

so P(NO2) is 4/5 x Ptotal = 1.021 atm = 776 mmHg
(not needed PO2 = 0.2552 atm = 193.9 mmHg)

Convert P(NO2) to moles and use stoichiometry to get moles N2O5, convert with molar mass

1.021 atm NO2 x 2.0L/(0.0821 x (27+273)K) = 0.08291 moles NO2
0.08291 moles NO2 x 2N2O5/4NO2 = 0.04145 moles N2O5 x 108.01 g/mole 

= 4.48 g N2O5
There should be no change in mole fraction upon cooling
3. Propane is a hydrocarbon (i.e. contains only C and H) that is commonly used in heating and cooking. The heat of formation of propane (Hof = -104.7 kJ/mol). 

You are given a 4.0 g sample of propane which you burn completely to produce 11.98 g CO2(g) and 6.54 g H2O(g). 
(a) What is the empirical formula of propane? Is there enough data to give the molecular formula?

(b) Using this formula now calculate the heat evolved when 1 mole of propane is burned with to yield CO2(g) + H2O(g).
(c) If this enthalpy is used to heat 160kg of water initially at 25°C, what will be the final T?
ANSWER:

All of the C and H comes from propane 

Convert to moles C and moles H, take ratio and get whole numbers

11.98 g CO2 x 1mole/44.01g = 0.2722 moles CO2 = 0.2722 moles C 

6.54 g H2O x 1mole/18.0 g = 0.3633 moles H2O = 0.7267 moles H

Divide both by 0.2722 gives formula 
C1H2.67 = C2H5.34
x 2 = C2H5.34

x 3 = C3H8
No. (we would need molecular mass information)
Need a balance reaction and use Hess’ Law with enthalpy from data sheets
C3H8 + 5O2 → 3CO2(g) + 4H2O(g)

H(C3H8) = -104.7 kJ/mole

H(CO2) = -393.5 kJ/mole

H(H2O) = -241.8 kJ/mole note that you need to use the gas phase enthalpy for water
Hreact = (3x-393.5 + 4x-241.8) – (-104.7) = -2147.7 + 104.7 = -2043 kJ/mole 

Use C, mass water and q to calculate a T and report final T

Heat evolve from burning and given to water = 2043 kJ
q =-2043kJ/mole = m x C x T = 160kg x 4.18 kJ/K kg x T

T = 2043/(160 x 4.18) = 3.05 K  increase 

Final T = 25 + 3.05 = 28.05° C
4. “Strike anywhere” matches were developed in 1898 to help address the health hazards of white phosphorus. They contain the compound tetraphosphorus trisulfide (P4S3), which burns to form solid P4O10 and sulfur dioxide gas. 
P4S3(s) + O2(g) → P4O10(s) + SO2(g)

UNBALANCED
(a) If the heat of this reaction (Hreact = -3676 kJ/mole P4S3), what is the Hfo(SO2(g))? 

(b) What volume (mL) of sulfur dioxide, measured at 96.7 kPa and 32°C, can be produced from burning 0.900 g of tetraphosphorus trisulfide?

ANSWER

Balancing the reaction
P4S3(s) + 8 O2(g) → P4O10(s) + 3 SO2(g)
Hreact = -3676 kJ/mole P4S3
Hreact = -3676 kJ/mole = 3 x Hfo(SO2(g)) + Hfo(P4O10) –{Hfo(P4S3) + Hfo(O2(g))}

 = 3 x Hfo(SO2(g)) -2940 kJ –{-154.4kJ + }

Hfo(SO2(g)) = (-3676 + 2940 -154.4)/3 =  -890.4/3 = -296.8 kJ/mol
0.700 g x 1mole/220.09g x 3 SO2/1 P4S3 = 0.009542 moles SO2 (g)
 V = nRT/P = 0.009542x 8.315 x 305/96.7 = 0.2502L = 250mL

5.  Fill in the following.
	Quantum numbers
	Number of Electrons

	n = 3, l = 2, ml = -1

	This is 3d orbital – 2 electrons

	n = 4, l = 1 

	l = 1, there are 3ml values, 2 electrons each = 6 electrons


	Quantum numbers
	Number of Orbitals

	n = 4, l = 3

	7

	n = 5, l = 2
	5


What type of orbital (i.e., s, p, d…) is designated by the following quantum numbers. 

n = 3, l = 1, ml = -1

p


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

P4O10(s)
-2940
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)

-


-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
q = mCT

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 = 2.08 J g- K- (solid)

C = 4.18 J g- K- (liquid)
H°fus = 6.02 kJ mol-
C = 2.11 J g- K- (gas)
H°vap = 40.7 kJ mol-
Constants
760mm Hg = 1atm = 101,325 Pa = 1.01325 bar
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
8.3145
L·kPa·K-1·mol-1



R
0.08206
atm·L·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s


Speed of Light
c
2.99792458x108
m·s-1
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