
CHMY 171

PRACTICE EXAM IV ANSWER KEY
Watch your significant figures and units throughout the exam!          NAME _____________________
1.  Titanium a strong lightweight corrosion-resistant metal is prepared by the reduction of titanium(IV)chloride with molten magnesium.  TiCl4 + 2Mg ( Ti + 2MgCl2
Part. A. (6 pt) Calculate the theoretical yield of Ti if 148kg of TiCl4 reacts with 46.5 kg of Mg.  The theoretical yield is the maximum amount of Ti that can be made.  Unless specified, it could be reported in units of moles or grams.   I will solve for the theoretical yield in grams.  At this point, we don’t know which reactant, the TiCl4 or the Mg is the limiting reagent, so we must determine how much Ti could be made from the starting amount of TiCl4 and then separately determine the amount of Ti that could be made from the starting amount of Mg.  The reactant that allows us to make less product is the limiting reagent, and the maximum amount of product that could be made if all of the limiting reagent were converted to product is the theoretical yield.
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Although there is enough Mg to make up to 4.58 x 104 g of Ti, there is only enough TiCl4 in the reaction to make up to 3.73 x 104 g of Ti, so that is the most we could make or theoretical yield. 
Part B. (6 pt) Calculate the % yield if 24345 g of Ti was isolated from the reaction.  Again, a percentage is what we got divided by the total possible times 100.
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Part C.  (4 pt) If a percent yield of greater than 100% had been observed, what errors were likely made?  The product probably has some impurities that are making the mass appear to be larger than it should be.  Maybe the unreacted Mg was not removed from the Ti produced, so it appears that there is more Ti present than there actually is.  Further purification is likely necessary.
2.  (6 pt) What is the mass percent oxygen in Na2CO3?  Each unit of Na2CO3 has 2 Na atoms, 1 carbon atom and 3 O atoms.  A percent is a part divided by the total times 100.  The part is the mass of the oxygen, and total is the mass of the entire compound. 
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3.  (3 pt) Label the following solutions as strongly basic, weakly basic, strongly acidic, or weakly acidic.  These can either be found in the text, on the formula sheet, or they must be memorized. 

b)  0.120 M NaOH strongly basic
c)  0.150 M HI strongly acidic
d)  0.040 M NH3 weakly basic
4. (4 pt) Complete and balance the following neutralization reaction. 

2 HNO3       +        Sr(OH)2      ( 
 Sr(NO3)2     +    2H2O

You know that Sr must have a charge of +2, because it is combined with two OH- ions in an ionic compound, and ionic compounds must have a balanced charge.  When the Sr2+ joins up with the NO3-, there must be two NO3- ions to balance the charge of the Sr2+.

5.  (8 pt) Indicate the oxidation number of the underlined atom in the following compounds. 


a)  NaH   +1



b)  NaH  -1

c)  CH4O  -2



d)  H2  0
6. (4 pt) Draw an arrow to indicate which direction the following reactions are most likely to proceed.  In each reaction, circle the starting material that is the oxidizing AGENT!  

a)  3Pb + 2AlCl3
      (          3PbCl2 + 2Al    
                

b)  2Ag +  2HCl
  (              2AgCl +  H2


7.  (4 pt) Explain how water is able to dissolve many ionic compounds.  For ionic compounds, dissolving means that the ionic bonds break, and the individual ions are surrounded by solvent molecules.  Because water molecules are polar, they can align themselves around ions to stabilize them.  The + ion forms multiple interactions with the negative ends of the waters making up for the fact that it lost the interaction with the – ion.  The - ion forms multiple interactions with the positive ends of the waters making up for the fact that it lost the interaction with the + ion.  

8.  (4 pt) If the cap is missing, will a carbonated beverage go flat faster at room temperature or in the refrigerator, and WHY?  It should go flat faster at room temperature, because at higher temperatures, gasses are less soluble in liquids because the have more speed and that enables them to break intermolecular forces between themselves and the water molecules in order to evaporate.

9.  (6 pt) Rank the following ionic solutions in order of increasing conductivity, and explain WHY: 0.100 M CaCl2, 0.120 M NaOH, 0.050 M AlCl3, 0.250 M CsI.  You must consider the concentration of the ions as well as the magnitude of the charge on the ions.  CaCl2 breaks down into 2 Cl- ions and 1 Ca+2 ion.  So the conductivity capability will be 4x the 0.100 M = 0.400.  NaOH breaks down into Na+ and OH-, so it will only conduct 2x the 0.120 M = 0.240.  AlCl3 breaks down into 3 Cl- ions and 1 Al+3 ion giving the ability to conduct 6x the 0.050 M = 0.300 M.  CsI breaks down into Cs+ and I- giving a conductivity 2x the 0.250 M = 0.500 M.  The overall ranking then is lowest conductivity 0.120 M NaOH < 0.050 M AlCl3 < 0.100 M CaCl2 < 0.250 M CsI.
10.  (3 pt) Explain how sweating cools someone down.  If your skin is hot, it is because the molecules in your skin are moving around with a lot of motion.  For your skin to cool down, the motion of your skin molecules must be transferred to other molecules, and when you are surrounded by only air, which is not dense, there aren’t many molecules around to come in contact with your body and absorb that energy.  When a droplet of sweat, which is mostly water, is on your skin, the water molecules are held together with relatively strong H-bonds.  It takes a lot of energy to break those interactions and evaporate the water.  Thus the water molecules absorb a lot of the kinetic from your skin allowing the molecules in your skin to slow down lowering their temperature.  Meanwhile, the water molecules increase their speed enough to evaporate taking their kinetic energy away from your body.

11.  Part A. (3 pt) If a solid is dissolved in water and the dissolving process causes a temperature decreases, what can be said about the strength of interactions between the molecules of the solid and the water?  If the temperature goes down, then overall the process is endothermic, and the system needs to absorb a net amount of energy from the solvent surrounding it.  The energy absorbed in the process of breaking the intermolecular forces between water and water and between solid and solid must be greater than the energy released when new interactions formed between water and solid.  Thus, overall it can be said that interactions between the water and the solid are not as strong as those that existed before the solid was dissolved.

Part B. (3 pt) Would you expect the dissolving of the solid described in part A to result in a decrease in the volume of the solution or an increase in the volume of the solution?  Adding the solid which forms interactions with water that are weaker than water-water interactions suggests that the molecules won’t be attracted very strongly so they probably won’t pack very tightly, and the amount of space or volume required to hold them should increase.

12.  (3 pt) What has more potential energy, 2H atoms or 1 H-H molecule, and why.  Potential energy is related to how stable things are.  Higher energy means more energy stored in a substance.  When energy is stored, it has the potential to be released, which makes that substance reactive and unstable.  Thus, 2 H atoms have more potential energy, because the H atoms do not have complete octets, and they will spontaneously join up with one another to complete their octets.  Bonds require energy to be put in to break, but when bonds form, the potential energy stored is released usually as kinetic energy.  

13.  (3 pt) List and describe the three types of molecular motion that contribute to kinetic energy for molecules?  Translational – moving through 3D space.  Vibrational – bonds stretching, contracting, and bending.  Rotational – Molecules rotating on an axis in 3D space.
14.  (3 pt) Describe how kinetic energy is transferred from one substance to another.  When molecules collide, one may transfer some of its speed or kinetic energy to another just like when pool balls collide, motion is transferred.  Motion is kinetic energy.
15.  (4 pt) What is the change in internal energy of a system that absorbs 6.5 kJ of heat and does 809 J of work?  First the 809 J must be converted to kJ, so the energy values can be subtracted.  
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Energy absorbed is a positive sign, and energy given off is a negative sign, so it should be +5.7 kJ

16.  (6 pt) When a 50.00 mL sample of acetone C3H6O (density = 0.790 g/mL) is burned in a bomb calorimeter (insulated container), the temperature of the calorimeter increases from 22.61ºC to 55.00ºC.  Given that the heat of combustion of acetone is known to be 1760. kJ/mol, calculate the heat capacity for the calorimeter.  Heat capacity is the amount of energy it takes to increase the temperature of the calorimeter by one temperature degree.  We need to figure out how many moles of acetone we are dealing with and then convert that into the amount of energy that will be released when the moles of acetone are burned.  Then, divide that by the amount that the temp increased to see what the change in heat was per degree Kelvin. 
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17. (3 pt) An iron skillet with a mass of 495 g at 25.00ºC absorbs 77.26 kJ of heat. What will be the temperature of the skillet after it is heated?  The specific heat of Fe is 0.449 J g-1 K-1.  
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18.  If a reaction results in forming new bonds and potential energy is converted into kinetic energy, what experimental observation will confirm this process?  A temperature increase means that more kinetic energy is present in the system.

19.  (4 pt) Estimate the enthalpy change for the reaction C2O2Cl2 + H2O ( CO2 + 2HCl + CO, using the given bond energies.  Is the reaction exothermic or endothermic?  697 kJ/mol endothermic
BOND ENERGIES (kJ/mol) 






H-O   = 459

H-Cl   = 431

C-C    = 347

C=C   = 602

Typical C=O = 736

For CO2, C=O  = 799
C≡O   = 258

C-Cl   = 339
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It is endothermic because more energy has to be put into the system to break the bonds in the reactants than is released when the new bonds are formed in the products.
20. (6 pt) Given that the heat of formation for NO2 is 33.18 kJ/mol, balance the following reaction, and determine the amount of heat involved if 24.33 grams of NO2 was completely reacted?  

2 NO2 (g)  [image: image8.png]


  N2 (g)  + 2 O2 (s)    
The reaction above is the reverse of the reaction that would describe the formation of NO2 from the elements that compose it.  The 33.18 kJ/mol associated with the formation of NO2 must have the sign reversed to give -33.18 kJ/mol for the decomposition of NO2.  
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In this example, because heats of formation are given in kJ/mol of substance rather than kJ/mol of reaction, the conversion worked out as shown above allows for the grams and moles to cancel and give you the total kJ.  It is negative because the reaction is releasing energy (exothermic).  We know that because it is the reverse of the formation reaction, which is given as endothermic.
21.  (4 pt) Considering that the heat of vaporization of hexane (C6H14) is 29.0 kJ/mol, how many grams of hexane could be vaporized by 72 J of heat?
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22.  (5 pt) Indicate whether each of the following should be either negative or positive.

a) ∆Hvap
b) ∆Hfusion
c) ∆Hcondensation

d) ∆Hmelting
e) ∆Hsublimation


        +


+

-


+

+
23.  (5 pt) If 84.44 g of NaCl was dissolved in 1.44 L of water (density = 1.000 g/mL), what will be the freezing point?  The Kf for water is 1.86.

Molality of NaCl
1.0
0.10
0.010
0.0010

 

i =  
1.81
1.87
1.94
1.97
Here you need to plug into the formula for freezing point depression ∆Tf = Kf i m.  Plug in Kf = 1.86, m = 1.0, and i = 1.8, and solve for ∆Tf to get Tf = -3.37 ºC.










