CHEM 112 

Midterm Exam 1, 2001

Last Name ___________________________  First ______________________________

Date_________________________   Your Box Number  _________________________

Do not open this test until instructed.

1).  This examination is worth 100 points.  There are 6 pages including this cover page.  

2).  You will have exactly one hour and thirty minutes to complete the exam.

3).  You may use a calculator.

4).  Academic dishonesty during the exam is grounds for failing the course.

R = 8.314 J / mol K
R = 0.08206 L atm / mol K
Kb (H2O) = 0.51 oC kg /mol

Kf (H2O) = 1.86 oC kg / mol


	Page Number
	Possible Score
	Your score

	2
	30
	

	3
	20
	

	4
	20
	

	5
	30
	

	Total
	100
	

	Bonus
	10
	


Multiple Choice Section/Short Answer (30 pts):  Pick the best answer for each of the following questions.  Clearly mark only ONE answer.  For short answer, fill in your choices clearly.  

1).  (4 points)  Which of the following should have the lowest boiling point?

(a)  Na2S
(b)  HF
     
(c)  NH3
(d)  N2

(e)  H2O

2).  (4 points) In a face-centered cubic unit cell, how many total atoms are present.  

(a)  2
  
(b)  3
       (c)  4 
       (d)  8
       (e)  14

3).  (4 points) Which solvent will B(OH)3 be more soluble in:   CH3CH2OH  or  C6H6
4).  (8 points)  In your own words, describe the effect of temperature and pressure on the solubility of a gas in a solution.  

The solubility of a gas DECREASES with increasing temperature, due to increased kinetic energy of the gas molecules.

The solubility of a gas INCREASES with increasing pressure.  The extra pressure forces more molecules into a smaller space, overcoming increasing intermolecular forces.

5).  (5 points) Examine the following reaction:


3I- (aq)  +  H3AsO4 (aq)  +  2H+ (aq)  (  I3- (aq)  +  H3AsO3 (aq)  +  H2O (l)

This reaction is found to be first order with respect to each of the reactants.  Write the rate law for this reaction.  What is the overall order?

Rate = k[I-][H3AsO4][H+]

Overall order = 3rd Order

6).  (5 points) A reaction is believed to be either first order or second order has a half-life of 20 s at the beginning of the experiment but of 40 s some time later.  What is the order of the reaction?

The reaction must be second order; the half life of a first order reaction is constant.

7).  (10 pts)  In a mountainous location, the boiling point of pure water is found to be 95 oC.  How many grams of sodium chloride must be added to 1 kg of water to bring the boiling point back to 100 oC?




T = iKbm



m = T/iKb

(5 oC)/(2)(0.51 oC kg /mol) = 4.90 moles NaCl/ kg



(4.90 moles NaCl/kg water)(1 kg water)(58.43 grams/1 mole NaCl)



= 286.30 grams of NaCl needed


8)  (10 pts) Lysozyme is an enzyme that breaks bacterial cell walls.  A solution containing 0.150 g of this enzyme in 210 mL of solution has an osmotic pressure of 0.953 mm Hg at 25 oC.  What is the molecular weight of lysozyme?




= MRT



Osmotic pressure = (0.953 mm Hg)(1 atm/760 mm Hg) = 1.25 x 10-3 atm



M = (1.25 x 10-3)/(0.08206 L atm/mol K)(298 K) = 5.11 x 10-5 moles/L



(5.11 x 10-5 moles/L)(0.210 L ) = 1.07 x 10-5 moles enzyme



0.150 grams/1.07 x 10-5 moles = 14018 grams/mole


9).  (20 pts)  Calculate the energy required to convert 10.0 g of propanol, C3H7OH, from a solid at –140 oC to a vapor at 110 oC.  The normal melting point and boiling point of propanol are –127 oC and 97 oC, respectively.  (Hfus = 5.18 kJ/mol; Hvap = 41.7 kJ/mol; csolid = 142 J/g oC; cliq = 170 J/g oC; cgas = 108 J/g oC)

This is a five step process:  heating solid to mp; melting solid; heating liquid to bp; boiling liquid; final heating

(1)  (20 oC)(10.0 grams)(142 J/g oC) = 28400 J

(2) (0.167 moles propanol)(5.18 kJ/mol) = 0.863 kJ

(3) (224 oC)(10.0 grams)(170 J/g oC) = 380800 J

(4) (0.167 moles)(41.7 kJ/mol) = 6.95 kJ

(5) (13 oC)(10.0 grams)(108 J/g oC) = 14040 J

Sum of all five steps = 431.05 kJ


10).  (10 pts)  Consider the following reaction:  



Cr3+ (aq)  +  SCN- (aq)  (  Cr(SCN)2+ (aq)

This reaction is first order with a rate constant of 2.0 x 10-6 s-1 and [Cr3+]o = 0.125 M.  What is the half life of this reaction?  

For a first order reaction, t1/2  = 0.693/k.  Therefore, t1/2 = (0.693)/(2.0 x 10-6 s-1)



= 346500 secs  OR  5775 min  OR 96.25 hrs  OR 4.01 days


11).  (20 pts)  Consider the following reaction:



2ClO2 (aq)  +  2OH- (aq)  (  ClO3- (aq)  + ClO2- (aq)  +  H2O

	Experiment
	[ClO2]o (M)
	[OH-]o (M)
	Initial Rate (mol/ L s)

	1
	0.060
	0.030
	0.0248

	2
	0.020
	0.030
	0.00276

	3
	0.020
	0.090
	0.00828


Using this data, obtain the rate law, the order of the reaction with respect to [ClO2] and [OH-], the overall order of the reaction and the value of the rate constant.  

Order of ClO2 = (0.060/0.020)m = 0.0248/0.00276
= (3)m = 9
m = 2

Order of OH- = (0.090/0.030)n = 0.00828/0.002776 = (3)n = 3
n = 1

Reaction is third order overall

K = 229.6

Bonus). (10 pts)  A compound of carbon, hydrogen and oxygen was burned in oxygen and 1.000 g of the unknown compound produced 1.434 g of CO2 and 0.783 g of H2O.  In another experiment, 0.1107 g of the compound was dissolved in 25.0 g of H2O.  This solution had a freezing point of –0.0894 oC.  What is the molecular formula of the compound?
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