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1.  The main commercial use of trimethylaluminum (TMA) is for the production of methylaluminoxane, an activator for Ziegler-Natta catalysts for olefin polymerization. TMA is a colorless liquid that is a gas at temperatures above 125°C.  

TMA is prepared via a two-step process that can be summarized as follows:

Al(s) + CH3Cl(g) + Na(s) → Al2(CH3)6(g) +  NaCl(s)    (unbalanced reaction)
(TMA)
What is the pressure in a 1.00-L container at 130°C after 2.00 g of CH3Cl reacts? (Assume complete reaction). Is this reaction exo- or endothermic? 
Ans 
Using the balanced equation (note could use other values) 
2 Al(g) + 6 CH3Cl(g) + 6 Na(s) → Al2(CH3)6(g) + 6 NaCl(s)

n =(2.00 g CH3Cl)(1mol/50.49 g CH3Cl) = 0.03961moles CH3Cl
Moles Al2Me6 = (0.03961 moles CH3Cl)(1mol/6 mol)  =  0.006602 mol Al2Me6
Finding the pressure of Al2Me6:
V = 1.00 L 
T = 130°C + 273 = 398 K 

P = unknown
 n = 0.006602 mol 

PV = nRT 
Solving for P: 

P = (0.006602 mol Al2Me6)(8.31446)(298 K)/1.00L 

Pressure Al2Me6= = 21.847 kPa = 21.847 kPa  x 1atm/101.325kPa = 0.2156 atm 
Temperature must be in units of Kelvin. 

Need the H of : 2 Al(g) + 6 CH3Cl(g) + 6 Na(s) → Al2(CH3)6(g) + 6 NaCl(s)

See Data page 
Hf + Hf} –{Hf +Hf } = [-136.4 + 6x-411.1] – [ 6x-83.68 + 0 + 0]
= -136.4 + -2466.6 – (-502.08) kJ/mol = -2100.9kJ/mol
This is exothermic
2. Brown solid copper(II) sulfide (CuS) when heated with nitric acid (HNO3), forms a green-blue solution and a colorless gas. The following is an UNBALANCED equation for this reaction:
CuS(s) + HNO3(aq) → Cu2+(aq) + SO42- (aq) + NO (g) + H2O(l) 

What is the balanced chemical equation? How many liters (L) of NO at 0.980bar and 300K is obtained when 150.0mL of 5.30M HNO3​ and 76.5g of CuS react to completion?
We see S2- converting to SO42- and NO3- to NO. REDOX and the solution is acidic

Half reactions:
S2- + 4H2O → SO42- + 8H+ + 8e

 (oxidation of S from -2 to +6)

NO3- + 4H+ + 3e→  NO(g) + 2H2O
(reduction of N from +5 to +2)

Mulitply to balance the electrons

3S2- + 12H2O → 3SO42- + 24H+ + 24e


8NO3- + 32H+ + 24e→  8NO(g) + 16H2O


SUM: (either of these equations is fine the second includes the “spectator cation”
3S2- + 8H+ + 8NO3- → 3SO42- + 8NO(g) + 4H2O 

3Cu2+ + 3S2- + 8H+ + 8NO3- → 3Cu2+ + 3SO42- + 8NO(g) + 4H2O (includes the Cu2+ spectator)
Moles of CuS = 76.5g (1mol/95.61gCuS) = 0.8001 moles CuS 

Moles HNO3 = 0.1500 L(5.30mol/L) = 0.795 moles
From balanced reaction need 8HNO3/3CuS. Thus HNO3 is limiting reagent. 
Moles NO from HNO3 = 0.795 moles NO 
Use the calculated number of moles of NO and the given temperature and pressure in the ideal gas law to find the volume of nitrogen monoxide produced. Note that nitrogen monoxide is the only gas involved in the reaction. 

V = unknown
 T = 300 K 

P = 0.980 bar
 n = 0.795 mol NO 
PV = nRT 
Solving for V: 

0.798 mol(0.08315Lbar/Kmol)(300 K)/0.980 bar = 20.31 L= 20.31 L NO
3.  Three beakers contain the following solutions:

(1) 50.0 mL of 0.020 M Ca(NO3)2 

(2) 50.0 mL of 0.020 M Fe(NO3)2
(3) 50.0 mL of 0.020 M Pb(NO3)2 

If 10.0 mL of 0.050 M NaF is added to each beaker, in which beakers will a precipitate form? (assume solution volumes are additive)
CaF2, Ksp = 1.5 x 10-10;  FeF2,  Ksp = 2.4 x 10-6;  PbF2, Ksp = 7.1 x 10-7 
Now, 3.00x10-4 moles of HNO3 was added to each beaker. What will happen to the precipitate in each beaker? The Ka for HF is 5.60 x 10-4. 
Answer:

In all three cases, the reaction of concern is:
MF2(s)  ⇄   M2+(aq) + 2F- (aq) 

All of the beakers contain the same amount of metal cation. We can calculate the concentration by either first converting to moles then using the new volume of 0.060L or using M1V1 = M2V2
[M2+]= (0.020 mol/L)(0.050 L)=0.0010 moles/ (0.050 L + 0.010 L) = 1.6667 x 10-2M = 0.0116667M 

[F- ]=(0.050 mol/L)(0.010 L)=0.0005moles/ (0.050 L + 0.010 L) =  8.333x10-3M = 0.008333M

Q=[M2+][F- ]2=(0.0167 M)(0.00833 M)2=1.157 x 10-6 Q=1.157 x 10-6 for each beaker because the concentrations are the same. 

Compare the Q value to the individual Ksp values: Q>Ksp, for both CaF2 and PbF2 therefore equilibrium will shift left and a precipitate forms. 

Q<Ksp, for FeF2 therefore no precipitate forms.

To each beaker was added 3.00x10-4 moles HNO3  in 0.060L = 0.005M H+

If Ka of HF 5.60 x 10-4 what will happen to the precipitate in each beaker? The base will be the fluoride anion – the conjugate base of HF.

HF
 ⇄
 H+              +
 F- 

Ka = 5.60 x 10-4

I

-

0.005

0.00833

C

x

-x

-x
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x 

0.005-x

0.00833-x

(0.005-x)(0.00833-x)/x = 5.6x10-4
This yields the quadratic equation x2-0.01277x+0.00004165 = 0

The two solutions are x = 0.009511 and 0.004379

Using the second solution [F-| = 0.003951M

[H+] = 0.000621M, [HF} = 0.004379M

The new Q is 0.01667 x 0,0039512 = 2.6x 10-7  this is less than Ksp for PbF2 which is now soluble. 

Alternate method could convert all of the H+ to HF then apply equilibrium

[HF] = 0.005 and [F-] = 0.00833-0.005 = 0.00333
HF
 ⇄
 H+              +
 F- 

Ka = 5.60 x 10-4

I

0.005

-

0.00333

C

-x

x

x

E

0.005-x 
x

0.00333+x

x (0.00333+x)/(0.005-x) = 5.6x10-4
This yields the quadratic equation x2+0.00389x-2.8x10-6 = 0

The two solutions are x = 0.0006207 and -0.00451
Using the second solution [F-| = 0.003951M SAME ANSWER! 

4.  A buffer that contains 0.200 mol/L of a base, Y− and 0.250 mol/L of its conjugate acid, HY, and  has a pH of 3.35. What is the pH after 0.015 mol of NaOH is added to 0.5000 L of this solution?
Ans (based on 17.27)
Can use Henderson-Hasselbalch
Determine the pKa of the acid from the concentrations of the conjugate acid and base, and the pH of the solution.  
pH = pKa + log [base]/[acid]
3.35 = pKa + log [Y ]/[HY] = pKa + log [0.200]/[0.250]    

3.35 = pKa +- 0.096910
pKa = 3.446910 and Ka = 3.57x 10-4
or just use Ka = [Y-][H+]/[HY] = (0.200/0.250)[H+] =(0.200/0.250)10-3.35 =  3.57x10-4
Set up a reaction table that shows the stoichiometry of adding the strong base NaOH to the weak acid in the buffer. Determine the moles of acid (HY) and conjugate base (Y–) using (c)(V) = moles
mol Y- =0.5000 L x 0.2000 mol Y/1 L= 0.1000 mol Y-
mol of HY– = 0.5000 L x 0.2500 mol HY/1 L= 0.1250 mol HY
The reaction is 
HY(aq) + NaOH(aq)  → Na+(aq) + Y–(aq) + H2O(l)

The addition of 0.015 mol NaOH produces an additional 0.015 mol Y– and consumes 0.015 mol of HY.

	Compound
	HY
	NaOH
	Y-

	Moles
	0.125
	0.015
	0.1000

	Change in moles
	–0.015
	–0.015
	+0.015

	Moles 
	0.110
	0
	0.115


Calculate the new concentrations of the buffer components and use the Henderson-Hasselbalch equation to find the new pH

Then: [Y–] = 0.115 mol Y/0.5000L = 0.230 mol/L Y–

[HY] = 0.110/0.5 = 0.220 M HY
pH = pKa + log [base]/[acid] (note that since the volumes are the same for the base and the acid one can use thenumber of moles rather than the concentration)
pH = 3.4473 + log [.115]/[0.110] = 3.4666 (more basic than original at 3.35)
or just use Ka = [Y-][H+]/[HY]  =  {[Y-]/[HY]} [H+]

[H+] = Ka x [HY]/[Y-]  =  3.57x 10-4 x 0.0.110/0.115 = 3,4147x10-4 and
pH = 3.4666 (more basic) 
5. Acetaldehyde, CH3CHO, decomposes to CH4 and CO at 500°C according to the following data:
CH3CHO(g) → CH4(g) + CO(g)
	Exp
	Initial [CH3CHO] (M) 
	Initial Instantaneous Rate of Reaction (M/s)         

	1
	3.8 x 10-2
	4.82 x 10-4

	2
	2.3 x 10-2 
	1.77 x 10-4

	3
	1.0 x 10-2
	3.34 x 10-5


(a) Determine the rate law and rate constant for this reaction. 
(b) Calculate the amount of time it would take for 80% of the acetaldehyde to react in a sample with initial concentration of 0.00750 M. 

(c) Using the data below, Determine the activation energy for the decomposition of acetaldehyde. 

	T(K)
	790
	810

	k 
	0.644
	1.345


Answer

(a) By taking the ratio of any pair of reactions:

1,3  gives [3.8 x 10-2/1.0 x 10-2]n =  4.82 x 10-4/3.34 x 10-5 = (3.8)n = 14.43

1,2 gives [3.8 x 10-2/2.3 x 10-2 ]n = 4.82 x 10-4/3.34 x 10-5 = 1.65)n = 2.72

Obtain that n = 2,  second-order kinetics. 

Rate = k[acetaldehyde]2
Calculate k from any of the data 

yields k = 0.334, yield k = 0.335 and yield k = 0.334 all are at 500°C = 773K

So k = 0.334 M-1s-1

 (b) Calculate the amount of time it would take for 80% of the acetaldehyde to decompose in a sample that has an initial concentration of 0.00750 M.

1/[B]t = kt + 1/[B]o
For 80%, [B]t = 0.2 x [B]o = 0.2 x 0.0075M = 0.0015

1/0.0015-1/0.00750 = 0.334x t
units are M-1 = M-1 s-1 x s
t = 1597s = 26.61 m = 0.443 hours
(c) ln(k2/k1) = -(Ea/R)(1/T2-1/T1)

R[-ln(k2/k1)/ (1/T2-1/T1)] = Ea
8.314x [-ln(1.345/0.644)/(1/810-1/790)] = 8.314 x [-0.7365/-3.125x10-5] = 1.959x105J/mol     or  195kJ/mol

Another set of data (using the reaction at 500C)
8.314x [-ln(1.345/0.334)/(1/810-1/773)] =  8.314 x [-1.3930/-5.909x10-5] = 

196.0 x 105J/mol

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 approximate molecular geometry and clearly indicate if the molecule has a permanent dipole moment. 
	Molecule
	Valence e-
	Lewis, formal charges
	Geometry, dipole

	HPO32-
	5+6x3 +2+1 = 26
	Depending on structure may need resonance. All need formal charges
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	Geometry
Td or pyramidal
Dipole – Yes or No? YES

	ICl3
	4x7  28
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	Geometry
T shape
Dipole – Yes or No? YES

	S2O 
	6x3 = 18
	Resonance 
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	Geometry
bent
Dipole – Yes or No? YES


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

n = 5, l=0, ml = 0

5s


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

not possible n = 2 l cannot be 2


n = 3, l = 2, ml = 0

3d


How many orbitals in an atom can have each of the following designation?

n = 3

9 orbitals = s+px3+dx5


Give all possible ml values for orbitals that have each of the following designations:

n = 5, l = 2

ml =  2, 1, 0, -1, -2


Write a full set of quantum numbers for each of the following electrons:

The outermost electron in an Sc atom
Ans:
3d1 n= 3, l = 2, ml = -2, -1, 0, 1, or 2, ms = + or – 1/2

The electron gained when a Br atom becomes a Br− ion
Ans:
4p6 n= 4, l = 1, ml = any of -1, 0 , 1, ms = + or – 1/2


The outermost electron on an Al atom
Ans:
3p1 n= 3, l = 1, ml = any of -1, 0 , 1, ms = + or – 1/2


Make a two-dimensional sketch of one of the d 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!
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