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There are 11 pages and 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. Vanadium chloride is used a catalyst for the polymerization of alkenes, especially those useful in the rubber industry and as a precursor to other vanadium compounds. This compound boils at around 154 °C is paramagnetic and hydrolyzes to release HCl.
(a) The reaction of vanadium with gaseous chlorine produces a volatile compound that contains only V and Cl. It is 73.57% Cl by mass. Propose an empirical formula of the V compound?

For 100g of this material, 73.57g is Cl and 26.43 g V. 

Converting to moles: 73.57/35.45 = 2.08 moles Cl and 26.43/50.94 = 0.519 moles Fe
2.08/0.519 = 4/1 so the formula is (VCl4)n
(b) When 93.5 g of this compound is hydrolyzed, the resulting gas occupied a volume of 68000mL at 154ºC and one atmosphere of pressure. What is the molecular mass and molecular formula for the vanadium chloride compound?
The amount of HCl gas is n = PV/RT = 1 x 68.00/(0.0821x 427) = 1.940 moles of HCl released from 93.5 g of (VCl4)n
Since 4 moles of HCl is made/mole of vanadium compound the molar mass of the compound is 93.5 g compound/1.940 moles HCl x 4 moles HCl/1 mole compound  = 192.71 g/mol 

So n = 1 and formula = VCl4 with a more accurate mass of 192.74g/mol
(c) Write a balance equation for the reaction of chlorine gas (Cl2) with elemental vanadium. Calculate the mass of chlorine needed to produce 6.80g of the vanadium chloride compound?

V + 2Cl2 → VCl4 
6.80g VCl4 x 1mol/192.74 = 0.0353 moles. 

By stoichiometry: 0.0353 moles x 2 moles Cl2/mole VCl4 x 70.9g/mole =  5.00g Cl2
(d) What is the maximum yield of the vanadium chloride that can be made from 71.0 g of the chlorine and 52.0 g of vanadium using the reaction in part (b)?

71g Cl2 x 1mole/70.9g = 1.00 mol

52.0 g V x 1mole/50.94g = 1.02 mol

Required ratio of reactants is 2Cl2/V thus Cl2 is the limiting reagent 

Maximum yield = 1.00 moles Cl2 x 1mol VCl4/2 mol Cl2 x 192.74g/mol = 96.37g 
2. A sample of air with a mole ratio of N2/O2 of 79/21 is heated to 2500K. The mixture reaches equilibrium by the following reaction. 

N2 (g)  + O2 (g) (  2NO(g)

In a closed container with an initial pressure of 1.00 atm the mole percent of NO was found to be 1.8%. 
Calculate
 Kp.

Answer 
N2 (g)  + 
O2 (g) ( 
 2NO(g)

I

0.79

0.21

-


C

-x

-x

2x

E

0.79-x

0.21-x

2x

2x/(0.79-x)+(0.21-x)+2x = 0.018 = 2x (unnecessary)

Kp = PNO2/PN2 PO2 = (0.018)2/(0.79-0.009)x(0.21-0.009)  = (0.018)2/0.781x0.201
Kp = 2.06 x 10-3
What is the Ho for
 this reaction?

Answer 
Ho = 2Ho(NO) –{ Ho(N2) +  Ho(O2)} = 2x90.25- {0+0} =   180.5kJ

What is the Ho for the reduction of NO(g) with
 H2(g) to give NH3(g) and H2O(g)?

Answer 
NO + 5/2 H2 → NH3 + H2O

Ho = Ho(NH3) + Ho(H2O) –{ 5/2Ho(H2) +  Ho(NO)} =
Ho =  {-46.11 + -241.8} – { 5/2(0) + 90.25} =   -197.7 kJ/mol

Student may multiply the balanced reaction by 2. In that case the H = -395.3kJ
3. A solution contains [Ba2+] = 5.0 × 10-5 M, [Ag+] = 3.0 × 10-5 M, and 
[Zn2+] = 2.0 × 10-7 M. Sodium oxalate [Na2C2O4] is slowly added so that [C2O42-] increases.

 

BaC2O4
ZnC2O4
Ag2C2O4 

Ksp

1.5 × 10-8
1.35 × 10-9
1.1 × 10-11
(a)Predict the order in which the cations precipitate. At what concentration of C2O42- does precipation begin?
Answer:
Concentration of C2O42- to get precipitation is given as follows:

For Ag2C2O4: Ksp/[Ag+]2 = 1.1 x 10-11/(3.0x10-5)2 = 1.22x 10-2 M C2O42-
For BaC2O4: Ksp/[Ba2+] = 1.5 × 10-8/(5.0x10-5) = 3.0x 10-4 M C2O42-
For ZnC2O4: Ksp/[Zn2+] = 1.35 × 10-9/(2.0x10-7) =  6.75 x 10-3 M C2O42-
Precipitate in the order BaC2O4 (3.0x 10-4 M C2O42-) then ZnC2O4 (6.75 x 10-3 M C2O42-) then Ag2C2O4 (1.22x 10-2 M C2O42-)
The concentration at which precipitation begins = 3.0x 10-4 M C2O42-)
(b) What will be the concentration of all of the ions just before the second compound begins to precipitate? (Fill in the table)

	Ion
	Concentration (M)

	[C2O42 -] 
	6.75 x 10-3 

	[Ba2+] 
	[Ksp/6.75 x 10-3] = 2.22 x 10-6


	[Ag+] 
	3.0x10-5

	[Zn2+] 
	2.0x10-7


4. “TAPS” is a monoprotic sulfonic acid that is used to make buffer soutions. When 4.43g of TAPS (NO3C7H16SO2OH) is dissolved in water to make a 25mL solution the pH was 4.29. A TAPS buffer prepared from 0.40 mol TAPS and 0.50 mole of the sodium salt of TAPS (NO3C7H16SO2ONa) in 1.00L water has a pH of 8.54 

(a) What is the Ka for TAPS acid?

Answer:

The reaction is TAPS + H2O ( TAPS- + H+

Two ways to get this:

1. [H+][TAPS-]/[TAPS] = Ka 

[TAPS] = (4.43/243.28) /0.025 = 0.728M TAPS
With a pH of 4.29, [H+] = [TAPS-] = 5.14 x 10-5 moles/L

So Ka = (5.14x 10-5)2/0.728= 3.63 x 10-9
2. Molarity for buffer is 0.40M for TAPS and 0.50M for NaTAPS
243.28 g/mol TAPS
265.28 g/mol sodium TAPS-
With pH 8.54, [H+] = 2.90x10-9
[H+][TAPS-]/[TAPS] = 2.90x 10-9 {(0.5)/(0.4)} = Ka =  3.63 x 10-9
(b) A 70.0 mL aliquot of the TAPS buffer solution has 2.00 mL of 2.00M HI added to it. What was the pH of the new 72mL solution?
Added HI = 2.00 x 10-3 L x 2.00 moles/L = 4 x 10-3 moles

The aliquot contains 0.40M TAPS x 0.07L = 2.8 x 10-2 moles TAPS
0.50M NaTAPS x 0.070L = 3.5 x 10-2 moles TAPS-

Stoichiometry: 

HI + TAPS- → TAPS + I-
New [TAPS-] =  0.031moles/0.072L

New [TAPS] = 0.032 moles/0.072L 

[H+] = Ka x [TAPS]/[TAPS-] = 3.747 x 10-9
pH = 8.43 (the addition of HI has lowered the pH)
(c) What is the pH of a 0.400M NO3C7H16SO2ONa solution? 
The reaction is TAPS- + H2O ( TAPS + OH- 
Kb = Kw/Ka =2.75 x 10-6 

I
0.4
-
-


C
-x
x
x


E
0.4-x
x
x

x2/(0.4-x) = 2.75 x 10-6 
 x2 + 2.75 x 10-6 x – 1.1x10-6
assumption: x = 1.049x10-3 
(quadratic gives 1.047 x 10-3)

[OH-] = 1.049x10-3  pOH = 2.98
pH = 14-pOH = 11.02
5. Nitrogen dioxide and carbon monoxide can react according to the following equation:

 


NO2 + CO → NO + CO2 
Below 500 K, when the pressure of NO2 is tripled the reaction rate increases by a factor of nine and when the pressure of CO in doubled the reaction rate remains the same. 

(a) Propose a rate law for the above reaction.

Since the reaction rate increases by 32 = 9 when the [NO2] increases by 3 this is second-order in the reactant NO2 
Since doubling [CO] does not increase the rate the reaction is zero order in the reactant CO. 
The rate is given by r = k[NO2]2 and is independent of the concentration of CO.
(b) At 38°C, 33% of the original [NO2] is reacted in the first 500 s of this reaction, how much will have reacted in 1500s of reaction?
The first piece of information allows calculation of the rate constant.

Since this is a second order reaction, the integrated rate law is:
1/[A]t = kt + 1/[A]o

or
1/[A]t -1/[A]o = kt 
From the data: 33% or 1/3 reacted so (2/3)[Ao] = (2[Ao])/3 = [At] at 500s:

3/(2[A]o) -1/[A]o = k(500s) this tells us that k = 1/(2[A]o) x 1/500 L/(mol x sec) 
= 0.001/[A]o M-1s-1
(NOTICE – k depends on the value of [A]o)
Now at 1500s 
1/[A]t -1/[A]o = kt =  0.001/[A]o x 1500 = 1.5/[A]o = 1/[A]t -1/[A]o 

 1.5/[A]o + 1/[A]o = 1/[A]t  or 2.5/[A]o = 5/(2[A]o) = 1/[A]t
and [A]t is 2/5 of the original concentration = 0.40 of [A]o remains at 1500s. 
 Alternatively, the amount reacted is 100%-40% = 60% reacted
(c) If a catalyst reduced the value of the activation energy, Ea, from 63kJ/mol to 25 kJ/mol by what factor has the catalyst increased the reaction rate at T = 38°C? 

From the equation sheet: k1 =Aexp (-E1/RT) and : k2 =Aexp (-E2/RT)

k2/k1 = exp ((E1 – E2)/RT) = exp (63000-25000/8.314 x 311) 

note proper units (R in J/mole and T in K)
k2/k1 = exp(14.7) = 2.42 x 106 
k1 = A exp (-E1/RT) = Ax2.62 x 10-11 and k2 = A exp (-E2/RT) = A x 6.32 x 10-5
This is an increasse by 6.32 x 10-5/2.62 x 10-11 = 2.41 x 106
6. For the following compounds calculate the 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

	SbF5
	7x5 + 5 = 40
	
[image: image1.emf]Sb

F

F

F

F

F


Formal charges indicated.

Lone pairs on F not indicated.


	Geometry trigonal bipyramidal.
Dipole?none 


	NO3- 
	6x3+5+1 = 24
	
[image: image2.emf]N

O

O O


Formal charges indicated.

Lone pairs on O not indicated.

Three resonance.
	Geometry :Trigonal planar. 
Dipole? There is no permanent dipole. 

	NCO- 
	4+5+6+1 = 16
	
[image: image3.emf]N C O

N C O


Formal charges indicated.


	Geometry :linear

Dipole? Should point to O.


7. What is the minimum value of n for the following l values and what is the maximum number of orbitals having these l and n values?

l = 1 
minimum n = 2

for n = 2 and l = 1 there are at most 3 orbitals (ml = -1, 0, 1)

l = 3 
minimum n = 4

for n = 4 and l = 3 there are 7 orbitals (2l+1)

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

n = 3, ml = -1

Since l is not specified but must not be 0 then can be p or d (or higher)



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[A]t = -kt + ln[A]o
[A]t = -kt + [A]o
1/[A]t = kt + 1/[A]o


[image: image8.wmf]RT

E

a

Ae

k

/

-

=


k = ln2/t1/2
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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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