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1. An identical amount of an indicator solution was added to a series of 5 buffer solutions of pH 8, 9, 10, 11, and 12. The color was blue in 8, purple in 10, and red in 11 and 12. The pH 8 buffer sample registered 0.117 on the absorbance scale and the pH 12 gave a reading of 1.05 at the same wavelength setting on the Spectronic 20 spectrophotometer. Which species, HIn or In– is the spectrophotometer measuring? (2 pts)

a) HIn

 b) In– 

c) Both 

d) not enough information
e) none of the above
2. The conjugate acid of HAsO32- is (2 pts)

a) H3AsO3
b) H2AsO3-
c) HAsO32- 
d) AsO33-

e) none of the above
3. Which of the following statements is FALSE? (2 pts)
a) Catalysts speed up chemical reactions by lowering the activation barrier for the reaction

b) Heterogeneous catalysts are used far more extensively in industry than homogeneous catalysts

c) Catalysts are not consumed in a reaction, but are involved in the reaction.

d) A good catalyst can change the thermodynamics of a reaction making it more spontaneous

e) Catalysts usually speed up reactions by bringing the reactants together into close proximity
4. According to the Arrhenius acid/base definitions, acids ____________.(2 pts)

a) increase the concentration of hydrogen ion in solution
 b) are proton donors


c) taste sour


d) electron donor 

e) none of the above
	Temperature (K)
	K

	298
	1.93×10–23

	1200
	1.01


5. The industrial production of lime (CaO) is accomplished via the reaction, (2 pts)
CaCO3 ↔ CaO + CO2

Given the table below, what can be said about the reaction?
      a) Lower temperatures result in more lime formation.       b) The reaction makes more lime at higher temperatures.

     c) The reaction goes to completion at 1200 K. 
          d) The equilibrium lies far to the right at room temperature

     e) none of the above
6. Consider the following weak acids and bases and their pKa values: (6 pts)
A) 
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(pKa = 3.8) 

B) HCN (pKa = 9.3) 

C) H2CO3 (pKa = 6.4)
D) N(CH3)3 (pKa = 12) 


E) H2SO3 (pKa = 1.8) 

F) NH3 (pKa = 9)

Which compound is the strongest acid (use letter) ? ____E_______

Which compound is the strongest base (use letter) ? ______D_____

Which compound has the strongest conjugate base (use letter)? _____B______
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7. Identify 3 things that are wrong with the equilibrium expression written for the equation below: (3 pts)


Cu (s) + 2 AgNO3 (aq) ⇋ 2 Ag (s) + Cu(NO3)2 (aq) 


1.  __solids should not be included (Cu(s) and Ag(s))__________________


2. __ should be written as products over reactants (not reactants over products)__


3. __[AgNO3] should be squared___________________________________

8. Will the following salts alter the pH of a distilled water solution? If so, will they be acidic, basic, or neutral? Be sure to offer an explanation for each. (6 pts)
a) Sr3(PO4)2(aq) BASIC
This would yield a basic solution. The Sr2+ is a cation of a strong base and has no acidic properties thus would yields a neutral solution.  Phosphate ion is a conjugate base of a weak acid (HPO42-) and has an affinity for a proton. 
b) AlBr3(aq) ACIDIC
This would yield a acidic solution. The Al3+ is a conjugate acid of a weak base ( Al(OH)2+ )and has acidic properties thus would yields a acidic solution.  Bromide ion is a conjugate base of a strong acid and has no affinity for a proton. 
9. The activation energy of a reaction is found to be 100 kJ/mole.  The activation energy for the reverse reaction is 60 kJ/mole.  Sketch the energy diagram for this reaction (label the reactants, products, transition state (, Ea(for),  Ea(rev) and ΔH).  Is the forward reaction endothermic or exothermic?  What is the value of ΔH?  (8 pts)






Energy










Reaction Pathway
10. Suppose you studied the reaction, A + B 
[image: image3.wmf]®

 C, by determining [A]t at a number of times t to obtain the following data:
	[A]t
	0.1000 M
	0.0141 M
	0.0078 M
	0.0053 M
	0.0040 M

	time
	0 s
	15 s
	30 s
	45 s
	60 s


Describe what graph(s) you would need to make to decide whether the reaction was first order or second order in [A]t.  What would you plot along the y axis and what would you plot along the x axis in each case?  How would you decide whether the reaction was first order or second order based on your graphs?  What information does the slope of the plot give you in each case? (8 pts)



First Order





Second order





In order determine what graphs to use I would convert the data for each into their linear equation forms (which gives the ability to predicts other data) . I would graph each by using the converted data from above and see which would come out the most linear (for the more linear the graph the more it obey the rate order). The slope of the line for the first order if linear represents the negative of the rate constant k. If the second order graph was linear than that represents the rate constant k
11. Calculate [H3O+], [OH-], pH, and pOH when 0.216 g of perchloric acid is placed in 1.20 L of water. (8 pts)
0.216 g x (1 mol / 100.46 g) = 0.0012543 mol / 1.20 L = 1.7918 x 10-3 M HClO4
Strong acid: HClO4 ( H+ + ClO4-

[HClO4] = [H+]

pH = -log (1.7918 x 10-3 M) = 2.747

pOH = -log (5.5810 x 10-12 M) = 11.253
[OH-] = 10-11.253 = 5.58 x 10-12
[H3O+] = __1.79 x 10-3 M__, [OH-] = _5.58 x 10-12 M__, pH = _2.747_, pOH = __11.253__
12. Without a catalyst, the following gas-phase reaction has an activation energy (Ea) of 125 kJ/mole and an equilibrium constant (Kc) of 1.5 x 106 at 150 oC.

A2(g) + B2(g) ((2 AB(g)

When a catalyst is used at the same temperature, the reaction occurs about one billion (109) times faster than without the catalyst. Determine the activation energy of the catalyzed reaction. (If necessary, assume no change in the frequency factor. (6 pts)
Arrhenius equation: k = A e-Ea/RT (  ln k = ln A - Ea/RT

ln k2 - ln k1 = (ln A2 - Ea2/RT) - (ln A1 - Ea1/RT)

but A1 = A2, so: ln (k2/k1) = (Ea1 - Ea2)/RT

ln (109) = (125 kJ/mole - Ea2) / [(8.314 x 10-3 kJ/mole.K) (423 K)]

Ea2 = 52 kJ/mole
13. Calculate the pH if 0.3564 grams of lithium cyanide is in 0.9981 L of water given Ka for hydrocyanic acid is 4.9 x 10-10. (please write the chemical equation) (10 pts)
LiCN dissociates in water: LiCN ( Li+ + CN-
Li+ won’t react with water, CN- will (base rxn)

Calculate [LiCN]: 0.3564 g x (1 mol / 32.949 g) = 0.0108 mol / 0.9981 L = 0.010837 M LiCN = 

[LiCN] = [CN-] = 0.10837 M 
CN-(aq) + H2O(l) ⇋ HCN(aq) + OH-(aq)

	Ka = 4.9 x 10-10
	CN-(aq)
	H2O(l)  ⇋
	HCN(aq)
	OH-(aq)
	  Kb = Kw / Ka

	Initial
	0.010837 M
	-
	0
	0
	  Kb = 1x10-14 / 4.9x10-10

	  Change
	-x
	-
	+x
	+x
	  Kb = 2.04 x 10-5

	Equilibrium
	0.010837 – x
	-
	x
	x
	


Kb = x2 / (0.010837 – x) = 2.04 x 10-5


assume x << 0 

Kb = x2 / 0.010837 = 2.04 x 10-5
x = 4.702 x 10-4 M

check x:  (4.702 x 10-4 / 0.010837) x 100% = 4.33%        Whew!

x = [OH-] = 4.702 x 10-4 M



[H3O+] = 1 x 10-14 / 4.702 x 10-4 M = 2.127 x 10-11 M

pH = - log (2.127 x 10-11 M) = 10.67

(2 decimals because 2 sig figs in Ka)
14. The rate law for the decomposition of phosphine (PH3) is 
Rate = - Δ[PH3]/Δt = k[PH3]  (first order)


It takes 120. s for 1.00 M PH3 to decrease to 0.250 M. How much time is required for 2.00 M PH3 to  decrease to a 
concentration of 0.350 M?  (5 pts)
For a first order reaction, the integrated rate law is: ln([A]/[A]0) = -kt. Solving for k: 
ln((0.250 mol/L)/(1.00 mol/L)) = -k x 120 s, k = 0.0116 s-1
ln((0.350 mol/L)/(2.00 mol/L)) = -0.0116 s-1 x t 
t = 150 s

15. A group of compounds that can destroy stratospheric ozone are the nitrogen oxides, generally denoted as NOx.  These compounds come from the exhausts of high-altitude supersonic aircraft and from natural activities on earth.  Solar radiation decomposes a substantial amount of the other nitrogen oxides to nitric oxide (NO), which participates in the destruction of ozone as follows: (10 pts)
NO + O3  
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  NO2  + O2
        O3  

  O2  +   O

NO2 + O  

  NO  +  O2
a) What species (if any) acts as a catalyst in the sequence above?  
 __NO2, O__________
b) What intermediate (or intermediates) are in the sequence above?  
 _____NO_______
c) What is the net equation on summing these three equations?   _______ 2 O3  

  3 O2  ____________
d) Suppose the first step of the mechanism were slow, and the last two steps were fast.  What rate law would your predict for this mechanism?  



Rate = k[NO][O3]

It is ok to have a catalyst in your rate equation. Remember the peroxide lab where the rate law was 

Rate = k[H2O2][I-]  where I- was the catalyst

16. Why are strong acids strong acids,. Specifically discuss the series HF, HCl, HBr, and HI and why HF is a weak acid and HI is one of the strongest acids known. (5 pts)
Strong acids are strong acids because their conjugate bases (the counter-anions) are extremely weak conjugate bases. The Cl−, Br− and I− anions have decreasing affinities for binding H+ in aqueous solution (or in the molecular gas phase species for that matter). The larger size of the anions as we go from Cl− to I− means that the negative charge on the anion is spread out over a larger surface area and there is less electrostatic attraction to the H+ cation. Remember that the extremely small H+ cation has a very concentrated positive charge and will interact the strongest with a small concentrated negative (or multiple negative) charge. The smallest common anion is F−, which does have a fairly strong electrostatic attraction to the H+ cation, even in water. This makes HF a weak acid compared to HCl, HBr, and HI.

17. The chemical reaction   A + 2B + 3C-> D + E  has been studied using the initial rate method with the following results: (11 pts)
	[A]o M
	[B]o M
	[C]o M
	Initial Rate mol L–1 s–1

	1.00
	2.00
	3.00
	5.00 x 10–4

	2.00
	2.00
	3.00
	2.00 x 10–3

	2.00
	4.00
	3.00
	4.00 x 10–3

	1.00
	2.00
	6.00
	5.00 x 10–4


     a) What is the partial order with respect to A?

Trials #1 and #2  -   2.00M/1.00M = 2.00

                                            2.00x10–3 mol L–1 s–1/5.00x10–4 mol L–1 s–1 = 4.00

                                            4.00 = (2.00)2 =>  2
     b) What is the partial order with respect to B?

Trials #2 and #3  -   4.00M/2.00M = 2.00

                                            4.00x10–3 mol L–1 s–1/2.00x10–4 mol L–1 s–1 = 2.00

                                            2.00 = (2.00)1 =>  1
     c) What is the partial order with respect to C?

Trials #1 and #4  -   6.00M/3.00M = 2.00

                                            5.00x10–4 mol L–1 s–1/5.00x10–4 mol L–1 s–1 = 1.00

                                            1.00 = (2.00)0 =>  0
      d) What is the rate law________Rate = k[A]2 [B]1_______________?

      e) What is the numerical value (include units) of the experimental rate constant?

The data from any of the trials can be used. Using Trial #1:



5.00x10–4 M s–1 = (k) (1.00M)2 (2.00M)1 (3.00M)0

             k = (5.00x10–4 M s–1) / (1.00M)2 (2.00M)1 (3.00M)0 = 2.50 x10–4 M–2 s–1
18. A sample of 0.0113 moles NO2 gas is heated to 327 oC at which point it decomposes partially according to the following equation. When equilibrium is established, the gas mixture has a total pressure of 570 torr . Determine Kp for this reaction at 327 oC.  (4 pts)

2 NO2(g)(( 2 NO(g) + O2(g)

327 oC.  + 273 = 600 K
570 torr*1 atm/760 torr = 0.75 atm

P=nRT/V =(0.0113 moles)( 0.0821 L.atm/mole.K) (600 K) / (1.00 L) = 0.557 atm
	
	2 NO2(g) ⇋
	 2 NO(g) +
	O2(g)

	Initial
	0.557 atm
	0
	0

	  Change
	-2x
	+ 2x 
	+x

	Equilibrium
	0.557 atm –2x
	2x
	x


total pressure = 0.750 atm = (0.557 atm –2x) + 2x + x = 0.557 atm + x

x = 0.193 atm

Kp = P(NO)2 * P(O2)/ P(NO2)2 = (2x)2 (x) / (0.557 atm - 2x)2    

plug in x = 0.193 atm
Kp = (0.386 atm)2 (0.193 atm) / (0.557 atm - 0.386 atm)2    =  0.983 atm
Useful Information





R = 0.08206 L ( atm / mol ( K





R = 8.31451 J / mol ( K





ln(k2/k1) = (Ea/R) x (1/T1 –1/T2)





1/[A]t  =  kt  +  1/[A]0





ln[A]t  =  -kt  +  ln[A]0





k = Ae-Ea/RT





pH = pKa + log([A-]/[HA])





Kw = 1.00 x 10-14
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