
CHMY 171

PRACTICE EXAM III ANSWER KEY
Watch your significant figures and units throughout the exam!          NAME _____________________
1.  (4 pt) What are the two factors that contribute to kinetic energy, and how do they relate to kinetic energy?  Mass and speed are the two main factors that contribute to kinetic energy.  Molecules have more kinetic energy when they are traveling at a high speed and when they have a large mass.

2.  Explain why molecules that are moving 1000 mi/hr diffuse through a room at a much slower rate.  Diffusion involves gas molecules moving from one location to another at a very high speed, but as they travel from one side of the room to another, they undergo a large number of collisions with other gas molecules they encounter along the way.  Such collisions alter the direction that the gas molecule travels many times along its journey.  Although the gas molecules are traveling at a very high speed, multiple collisions cause them to take a very indirect path when traveling from one side of a room to another.  

3.  (4 pt) Describe how the unit mmHg can be a unit of pressure.  Pressure relates directly to the amount of force exerted by gas molecules on the surface area of a sample of mercury.  The force exerted by the gas can push the mercury up an evacuated tube, and the distance that the mercury is forced up the tube in millimeters is known as mmHg.  Thus, mmHg, which directly measures distance can also be used to measure pressure or force/area.

4.  (2 pt) Why is mercury used in barometers and manometers?  Hg is a very dense substance, so it is very difficult for gas molecules or gas bubbles to pass through mercury liquid metal.  Possibly, most importantly, mercury is not volatile, meaning it does not evaporate, so there is no risk that the mercury will evaporate from barometers that are exposed to the atmosphere. Also, mercury is a relatively unreactive liquid metal at a broad range of temperatures, so it can flow through tubes, and the distance it is displaced by gas pressure can easily be measured.  No other metals are liquids even at room temperature.
5.  (4 pt) Explain whether a temperature increase or decrease would be necessary for a sample of gas to remain at a constant pressure and volume if the number of moles was increased.  By increasing the number of moles of gas in a container, you are increasing the number of molecules present.  With more molecules present, more molecules are colliding with the walls of the container, which usually increases the pressure.  The only way to avoid a pressure increase without changing the volume of the container would be to decrease the temperature.  Decreasing the temperature affectively slows the molecules down.  That way, even though adding moles of gas means that there will be a greater number of molecules colliding with the walls of the container, the molecules are moving slower on average, so they collide with the container with less average force balancing things out and keeping the pressure constant. 

6.  (3 pt) What is the formula mass of NiCl2?  Adding the masses on the periodic table for 1 Ni atom and 2 Cl atoms gives 129.6 amu.  This will be the average mass for a unit of NiCl2, because the masses on the periodic table are averages of the naturally occurring isotopes based on their abundances.
7.  (3 pt) What is the molar mass of NiCl2?  Adding the masses on the periodic table for 1 mole or Ni atoms and 2 moles of Cl atoms gives 129.6 g/mol.  The units are different from the units for formula mass, because we want the mass of a mole of the units (6.022x1023 units) rather than just the mass of one individual unit of the compound.  Because a mole is a huge number of atoms, that will be enough mass to add up to a quantity measured in grams rather than in amu, which is a tiny fraction of a gram.

8.  (3 pt) How many moles are there in 7.7 g of NiCl2?  The molar mass tells us how many grams are equal to 1 mole.  When two things are equal, we can use them to convert the units getting the undesired units to cancel.
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9. (5 pt) What is the average mass in grams of exactly 9 water molecules?  Again, we are using relationships that we know to be equal to convert units canceling out the units we don’t want.

[image: image2.png]?g =9 molecules| 1 mol | 18.0g = 27x10%2g

‘ 6.02 x 10%* molecules ‘ 1 mol




Carrying the math through the calculator gives 2.69x10-22 grams.  
10.  (8 pt) Calculate the mass of a sample of H2S gas if it has a pressure of 1.23 atm in a 5.00 L container at -55ºC.  Solving the ideal gas law for moles gives, n=PV/RT.  Plugging in the values for pressure, volume, temperature (must be in Kelvin), R (must be in units of Latm/molK), and solving for n gives n=0.344 moles of H2S.  Converting moles to grams using the molar mass gives 11.7 g.
11.  (6 pt) What would the pressure be in a 550 mL container holding 0.50 g of water vapor, 1.3 g of CH4 gas, and 0.33 g of He gas if the temperature was -78 °C?  Here you have to figure out how many total moles of gas you have.  Convert each mass into moles and add them together to get a total of 0.19 moles of gas, so n=0.19 moles.  Solve the ideal gas law for pressure to get P = nRT/V, and plug in the moles, the volume of 0.55 L, R, and the temperature of 195 K.  Solve for P to get 5.6 atm. 

12.  (4 pt) Explain what conditions are necessary for a gas to behave NONideally.  To be nonideal, a gas will either be at very high pressure, very low volume, or very low temperature.  Under such conditions, the molecules are either packed very closely together or moving very slowly.  Whether packed tightly or moving slowly, the molecules will have more opportunities to be attracted to one another.  In addition, the volume of the molecules may also occupy a large percentage of the volume of the container.  In either case, the ideal gas law will not hold, and the sample will be nonideal.  Remember, to be ideal, a gas must experience no intermolecular attractions, and there must be a great amount of space between the molecules relative to the size of the molecule.  
13. (4 pt) Liquid A experiences stronger intermolecular forces than liquid B.  Which liquid will have a greater boiling point?  Which will have a greater vapor pressure at room temperature?  EXPLAIN fully.  The stronger the intermolecular forces, the more energy that is required to separate the molecules from one another.  That is exactly what is necessary to convert a liquid to a gas.  It does not break the covalent bonds, only the intermolecular forces.  Thus, liquid A will have a higher boiling point.  Also, with stronger attractions, fewer molecules of liquid A will have the kinetic energy necessary to break those attractions, so with fewer moles of gas above the surface of the liquid, the pressure resulting from that gas will be less (lower vapor pressure).

14.  (4 pt) Considering that polyethylene plastic is made from extremely long chains of carbon atoms with C-C and C-H bonds, predict whether a polyethylene graduated cylinder would have a concave or a convex meniscus when water is added to it.  C-C bonds are nonpolar, and although C-H bonds are slightly polar, the geometry of the carbon chain causes the polarity of the C-H bonds to be canceled out.  That means that polyethylene is mostly nonpolar.  Water is polar the water molecules are much more strongly attracted to other water molecules (through hydrogen bonds) than they are to nonpolar molecules that make up the sides of the containers (through dipole-induced dipole attractions).  Thus, the water should for a convex meniscus to maximize interactions between water molecules and minimize interaction between water molecules and the container walls.
15.  (4 pt) Give an example of a network solid, an ionic solid, a metallic solid, and a molecular solid.  Describe how your examples fit into the categories you placed them in.  An example of a network solid is diamond, because all of the C atoms in diamond are interconnected by covalent bonds.  It is one giant molecule, because all of the atoms are connected through one network of covalent bonds. An example of an ionic solid if NaCl, because the atoms are held in the solid with ionic bonds (the Na+ is attracted to the Cl-).  An example of a metallic solid is Ni metal, because it is a solid metal that doesn’t contain covalent bonds or any ions.  The neutral metal atoms in the Ni solid have loosely held outer electrons giving them their special properties (conductivity, etc.).  An example of a molecular solid is ice, because individual molecules (held together with covalent bonds) are attracted to one another through intermolecular forces (H-bonds, dipole-dipole, London).  
16. (4 pt) Describe the changes in potential and kinetic energy if any for the particles making up a solid when the temperature of the solid increases without causing a phase change.  If the only change that occurs is a temperature change, then the only energy change will be a kinetic energy change.  Temperature is the measure of the average kinetic energy of the particles present, so their kinetic energy will increase on average if the temperature increases.  Potential energy will only increase if attractions between particles are broken.

17. (4 pt) Describe the changes in potential and kinetic energy if any for the particles making up a gas when the gas is held at the boiling point and the gas condenses into a liquid.  If it is being held at one temperature, then these is no change in the temperature or average kinetic energy of the substance.  However, when condensation occurs, intermolecular attractions form between particles making them lower in potential energy, which is why energy must be removed from the substance as the condensation occurs.

18.  (5 pt) Part A. If 2.525 g of KOH is dissolved in 9.00 mL of solution, what is the molarity of the resulting solution in units of molarity?  Molarity is moles of solute, which in this case is KOH, divided by liters of solution.  The mL of solution must be converted into liters, and the g of solute must be converted into moles using the molar mass. 
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Part B. (4 pt) If the resulting solution of KOH were further diluted to a volume of 50.0 mL, what is the concentration of KOH in the final diluted solution?  Here it is virtually the same problem, just a different solution volume.  
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You could also use M1V1=M2V2 to solve this starting from the answer in part A.  

19.  (5 pt) At 4ºC, calculate the molality of methanol (CH4O) in a solution prepared by dissolving 57.0 mL methanol, (density = 0.791 g/mL), in 5.00 L of water (density = 1.000 g/mL).  Molality is different from molarity.  Molality is moles of solute / kg of solvent.  You need to convert 57.0 mL of methanol into moles of methanol.  Do this using the density to convert mL into grams, and then use the molar mass to convert grams to moles giving 1.41 mol methanol.  Then, convert the 5.00 L into kg using the density to get 5.00 kg.  Once you know the moles of solute and the kg of solvent, you can divide the two to get 1.41 mol / 5.00 kg = 0.282 m.
20. Balance the following equations.

(7 pt)

 
C2H5OH (l)    +    3 O2 (g)    (    2 CO2 (g)     +     3 H2O (l)

2 C2H2 (g)   +    5 O2 (g)     (     4 CO2 (g)      +    2 H2O (l)
21.  Part A. (4 pt) If K metal is placed in a 0.300 M solution of HI, each K atom loses an electron, and the HI is reduced to form hydrogen gas and I1-.  Write and balance the chemical equation for this reaction.  2K + 2 HI ( H2 + 2 KI
Part B.  (4 pt) How many Liters of the solution of HI are needed to fully react 2.34 kg of K metal?  

To set up the solution for this question, you may want to start by writing down all the relationships you have.  Recognize that any unit such as molarity that is one unit per another unit like mol/L is a relationship.  In this case 0.300 M is 0.300 moles of HI equal to 1 L of HI solution.  The other relationships can be established from the balanced reaction , from the periodic table, and from the metric table as we have been practicing.  Put the relationships together to cancel undesired units and end up with Liters of HI solution.
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