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There are 7 problems on the exam. 

The last three pages consist of an equation sheet, data tables and a periodic table.  Feel free to CAREFULLY remove these and use them. 
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Good Luck.

1. What is the partial pressure of Cl2(g), in mm Hg, at 273K and 1.00 atm in a gaseous mixture of 46.5% N2 , 21.7% Ne and 40.8% Cl2 by mass?
46.5g N2 x 1mole/28g = 1.66 mole N2
21.7 g Ne x 1mole/20.2g = 1.07 mole Ne

40.8 g Cl2 x 1 mole /71g = 0.575 moles Cl2

N2 = 0.502

Ne = 0.324

Cl2 = 0.175

PCl2 = Cl2xPtotal = 0.575/3.306 x Ptotla = 0.175 x Ptotal = 0.175 atm
There is an error in the problem that I had not noticed when I copied it. 
The percentages add to 109%. The answer key is written for the problem with this error. Some students noticed and asked me about this. I told them to use the numbers provided and not to worry about this. 

2. The combustion of hydrogen/oxygen mixtures is used to produce very high temperatures (approximately 2500°C) that can be used for welding. Consider the reaction:

H2(g) + ½ O2(g) →  H2O(g) 
H = -241.8kJ

What is the quantity of heat evolved (in kJ) when a 180g mixture containing equal parts of H2 and O2 by mass is burned? 

180 g = 90 g H2 + 90 g O2
90 g H2 x 1 mole/2.02 g = 44.55 mole H2

90g O2 x 1mole/32.0g = 2.81 moles of O2

O2 is the limiting reagent

(-241.8kJ/1/2 mole O2) x 2.81 moles O2 = -1360kJ

Or 1360 kJ is the evolved heat

Or 

(-241.8kJ/mole H2O) x 2.81 moles O2 x {1 mole H2O/(1/2 mole O2)} = -1360kJ

3. (a) Predict the order in which the following cations will precipitate when NaI is added to a solution that is 0.100 M each in Ag+, Sn2+, and Sc3+. At what concentration of I- does the first precipitation begin?

AgI Ksp = 1.5 x 10-16
SnI2 Ksp = 8.7 x 10-9
ScI3 Ksp = 8.1 x 10-19 

Answer:

Concentration of I- to get precipitation is given as follows:

For AgI: Ksp/[Ag+] = 1.5 x 10-16/(0.1) = 1.5 x 10-15 M I-
For SnI2: {Ksp/[Sn2+]}1/2 = [8.7 x 10-9/(0.1)]1/2 = 2.95 x 10-4 M I-
For ScI3: {Ksp/[Sc3+]}1/3 = (8.1 x 10-19/(0.1)]1/3 =  2.01 x 10-6 M I-
Precipitate in the order AgI (1.5 x 10-15 M I-) then ScI3 (2.01 x 10-6 M I-) then SnI2 (2.95 x 10-4 M I-)
The concentration at which precipitation begins = 1.5 x 10-15 M I
(b) What will be the concentration of all of the cations when the [I-] = 2.8 x 10-4M ? (Fill in the table)

	Ion
	Concentration (M)

	[Sn2+] 
	0.1

	[Ag+] 
	Ksp/2.8 x 10-4 = XXX x 10-13


	[Sc3+] 
	Ksp/(2.8 x 10-4)3 = XXX x 10-8




4. When 11.8g of trimethylamine (N(CH3)3) was dissolved in water to make a 100. mL solution the pH was 12.05. A basic buffer was prepared from 0.20 mol trimethylamine and 0.40 mole trimethylammonium bromide ({HN(CH3)3}+Br-) in 1.00L water. The pH of this buffer was 9.50. 

(a) What is the Kb for N(CH3)3?

Answer
0.100L x 2.00M = 0.2 moles = 11.8g
Mw = 59.13

6.3x10-5
Ka= 1.59x10-10

N(CH3)3 + H2O⇄ HN(CH3)3}+  + OH-
2
-x
2-x


x

x
x2/2-x = 6.3 x 10-5 

assumption x2 = 2(6.3 x 10-5)

x = 0.0112
quadratic 0.0112
pOH = 1.95, pH = 12.05
using buffer HN(CH3)3}+/ N(CH3)3 = Kb / [OH-]

[OH-] = 0.1/0.5 x 6.3x10-5  pOH = 4.50, pH = 9.50

(b) An 80. mL portion of the above buffer solution was measured and to this was added 2.00 mL of 1.00M HI. What was the pH of the new 82mL solution?
Intial moles 

0.080L x 0.2M NMe3 = 1.6 x 10-2 moles NMe3

0.080L x 0.4M HNMe3+ = 3.2 x 10-2 moles HNMe3+
Added H+ = 2x10-3 L x 1.00 M = 2x10-3 moles HI = moles H+
Remove this amount of NMe3 and add this amound HNMe3+

New concentrations 1.4 x 10-2 moles NMe3/0.082L = 0.171M
3.4 x 10-2 moles HNMe3+/0.082L = 0.415 M
[OH-] = Kb([NMe3]/[HNMe3+] = 6.3 x 10-5 (0.171/0.415) = 2.59 x 10-5

pOH = 4.59 and pH = 9.41
5.Acetone ((CH3)2C=O) is an important solvent in organic chemistry and used to dissolve nail polish. At high temperatures, it decomposes in a first-order process to methane (CH4) and ketene (CH2[image: image1.png]
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O). At 880 K, the rate constant is 8.7 × 10−3s−1.

(a)What is the half-life of the reaction?
(b)How long does it take for 40.% of a sample of acetone to decompose? 

(c) If  the activation energy for this reaction is 100kJ/mol what is the rate constant (k) at 780K?

Answer:
t1/2  = ln2/k = 79.7 s = 80 s
Using the first order rate expression:

ln([A]t/[A]o) = -kt 

ln (0.6/1.0) = - 0.511 = -8.7 x 10-3 t

t = 58.7s = 59s
k1 = exp (-E/RT1)
ln(k2/k1) = -E/R(1/T2 -1/T2) = -100 x 103/8.314 (1/780-1/880) 

= -100 x 103/8.314 (0.000146) = -1.75

k2 = k1e-1.75 = 1.51 x 10-3
6. For the following compounds calculate the total number of valence electrons. Draw a reasonable Lewis structure and indicate the formal charges as required. If necessary, indicate resonance structures. Predict the molecular geometry and clearly indicate if the molecule has a permanent dipole moment. 

	Molecule
	Valence e-
	Lewis, formal charges
	Geometry, dipole

	BrF5
	7x6 = 42
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Formal charges indicated.

Lone pairs on F not indicated.


	Geometry:
pyramidal or octahedral minus one vertex.

Dipole?There is a permanent dipole. 


	SnCl4 
	4+4x7 = 32
	
	Geometry : tetrahedral
Dipole? no

	SO32-
	6x4+2 = 26e
	
	Geometry :
pyramidal
Dipole? YES


7. What type of orbital is designated by these quantum numbers?

n = 5, l=1, ml = 0

5p

n = 4, l= 2, ml = -2

4d

n = 2, l = 0, ml = 0

2s

How many electrons can be described by the each of the following sets of quantum numbers?

n = 4, l = 2, ml = 1 



2 electron

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



zero electrons, for n = 3, l cannot equal 3
n = 4, l = 3 



ml =-3, -2, -1, 0, 1, 2, 3. There are 7 orbitals and 2 electrons for each = 14 electrons
Using the rules of electron configurations, indicate the

number of 3d electrons in an atom of Br


10

number of 4p electrons in an atom of Ge


2

Make a two-dimensional sketch of one of the p orbitals. To get full marks you must clearly indicate the axes in the drawing and give the conventional orbital label. 

Answer:
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The axis must be labeled for full marks!

	Gas Law
PV  =  nRT

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

KE  = (1/2)mvav2
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Acid/Base

pOH = -log [OH-] 

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

ln[B]t = -kt + ln[B]o
[B]t = -kt + [B]o
1/[B]t = kt + 1/[B]o
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ln(k2/k1) = -(Ea/R)(1/T2-1/T1)
k = ln2/t1/2
General


[image: image9.wmf]a

ac

b

b

x

2

4

2

-

±

-

=


f.c. = valence-1/2 bonding pairs-lone pairs


	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)

S°=npS(products) 

               nrS(reactants)

Grxn°=npG(products) 

               nrG(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)

Electrochemistry

G = -nFEcell

Ecell = Eocell – (RT/nF)logQ 
Ecell = Eocell – (0.0592/n)logQ


Data For Water

Density  = 1.00 g/mL (25°C)
Kw = 1 x 10-14


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

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


Speed of Light
c
2.99792458x108
m·s-1

Conversion Factors:

760mm Hg = 1 atm

Thermodynamic data for temperature = 298.15 K

Ho​(kJ/mol) 

Go(kJ/mol)
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

NO(g)

90.25


86.55


210.8

NO2(g)

33.18


51.31


240.1

NH3(g)

-46.11


-16.45


192.5

I(g) 

106.8 


70.25 


180.8 

I2(g)

62.44


19.33


260.7

I2(s)

0


0


116.1



Br2(l)
 0

152.2


Br2(g) 
30.91

245.5
HBr(g) 
-36.40

198.7
H2(g)
 0
0
130.7


H2O(g)

-241.8


?


188.8

CH​4(g)

-75.0


?


186.3



CH3OH(l)
-237


?


126.8



Solubility Product Constants

Compound
Ksp

Ca(OH)2
 
5.5 x 10-6
Ca(CO3) 

2.8 x 10-9
Ca(SO4)

9.1 x 10-6

Ag2SO4 

1.4x10-5

AgI 
 
1.5 x 10-16

PbI2 
 
8.7 x 10-9


BiI3 

8.1 x 10-19 
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