AP Chemistry






Name:________________

Bonding and Colligative Properties Practice Test
1.  Account for each of the following observations about pairs of substances.  In your answers, you must make reference to BOTH substances.  Use appropriate principles of chemical bonding and/or intermolecular forces in your answers.  Lewis dot structures may be helpful in some cases.  
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NH; has hydsogen bonding between moleeules (or dipole-dipole interactions 2 points
‘between molecules). and CH, has London dispersion forces. The intermolecular
forces in NHj are stronger than those in CH,.

« Nocredit camed for only a discussion of lone pairs of electrons
« Nocredit carned for saying only that NH is polar and CH, is nonpolar
(with no more discussion)

C;H and CgHy, both have London dispersion forces. The forces in CeHy 2 points
are stronger because the molecule is larger and more polarizable.

« Credit is eamed for other accurate explanations of London dispersion forces.
« Nocreditis earned for saying only that CgHy, is heavier or has more mass

i is a network covalent solid (or a macromolecule) with sirong covalent 2 points
bonds between atoms. Cl, has discrete molecules with weak London dispersion

forces between the molecules. Therefore, more energy is required to break the

sironger bonds of i than the weak intermolecular forces of Cly

« Nocredit is earned for saying only that Si forms a latice.




2. A 20.0 g sample of methyl alcohol (CH3OH, molar mass 32.0 g/mol) was dissolved in 30.0 g of water.  What is the mole fraction of CH3OH? 
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20.0 g CHOH

1 mole

  0.625 moles of CHOH

32.0 g

30.0 g HO

1 mole

 1.67 moles of HO

18.0 g

0.625 moles methanol

 0.272

1.67 moles HO +.625 moles CHOH

=

=

=


3.  Which of the following concentration measures will change in value as the temperature of a solution changes?  Answer: d
a.  mass percent

b.  mole fraction

c.  molality

d.  molarity

e.  all of these

4.  Rank the following compounds according to increasing solubility in water.

I.  CH3-CH2-CH2-CH3
II.  CH3-CH2-O-CH2-CH3
III.  CH3-CH2-OH

IV.  CH3-OH

Answer: d
a.  I< III<IV<II

b.  I<II<IV<III

c.  III<IV<II<I

d.  I<II<III<IV

e.  no order is correct

5.  The vapor pressure of water at 25.0oC is 23.8 torr.  Determine the mass of glucose (molar mass = 180 g/mol) needed to add to 500.0 g of water to change the vapor pressure to 23.1 torr.  

We did this in class. Use the vapor pressure lowering formula to find the mole fraction of glucose in the solution and use that to find the mass of glucose. 
6.  A solution is prepared from 31.4 g of a nonvolatile, nondissociating solute and 85.0 g of water.  The vapor pressure of the solution at 60oC is 142 torr.  The vapor pressure of water at 60oC is 150. torr.  What is the molar mass of the solute?  

This we did in class also. It’s the same idea as number 5. Use the vapor pressure lowering formula to find the mole fraction of the unknown solute in solution. Then use the grams of water to find the moles of solute. Then grams of solute/moles of solute is molar mass. 
7.  The molar mass of a solid as determined by freezing point depression is 10% higher than the true molar mass.  Which of the following experimental errors could NOT account for the discrepancy?

a.  Not all the solid was dissolved.

b.  More than the recorded amount of solvent was pipetted into the solution.

c.  The solid dissociated slightly into two particles when it dissolved.

d.  Some solid was left on the weighing paper.

e.  Before the solution was prepared, the container was rinsed with solvent and not dried.

T = kfm
so 

m = Tkf
m = moles of solute/kg of solvent

and molar mass of solute = grams of solute/moles of solute

Let’s take the choices one-by-one.  

a.  Not all the solid was dissolved:

That would there would be fewer moles of solute calculated than there really were, which would make the molar mass higher (since moles of solute is on the bottom of the fraction) so A must not be the answer.

b.  More than the recorded amount of solvent was pipetted into the solution.
That means you recorded a smaller amount of kg of solvent than you actually used. You found molality and multiplied it by kg of solvent to get moles of solute.  If kg of solvent is too small, then moles of solute is too small and again molar mass would be too high, so B must not be the answer.
c. The solid dissociated slightly into two particles when it dissolved.
This means that you measured a higher DT than you should have because you had more particles.  This would mean your calculated molality is too high, so your moles of solute is too high and your molar mass is therefore too low.   CHOICE C MUST BE CORRECT.
d.  Some solid was left on the weighing paper.
This one is similar to “a”. You did not dissolve all that you massed.  So by the same logic as “a”, d must not be the right choice.  
e.  Before the solution was prepared, the container was rinsed with solvent and not dried.  

This is similar to “b”.  You recorded a smaller amount of kg of solvent than you actually used.  So if “b” is out, so is “e”.  
8.  Which of the following will cause the calculated molar mass of a compound determined by the freezing point depression method to be greater than the true molar mass?

a.  Water gets into the solvent after the freezing point of the pure solvent is determined.

b.  Some of the solute molecules break apart.

c.  The mass of the solvent is smaller than determined from the weighing.

d.  While adding the solute, some was spilled on the lab bench.

e.  All of the above.

By the same logic as #7, d must be the right answer.  
9.  A solute added to a solvent raises the boiling point of the solution because 
Answer: b

a.  the temperature to cause boiling must be great enough to boil not only the solvent but also the solute.

b.  the solute particles lower the solvent’s vapor pressure, thus requiring a higher temperature to cause boiling.

c.  the solute particles raise the solvent’s vapor pressure, thus requiring a higher temperature to cause boiling.

d.  the solute increases the volume of the solution, and an increase in volume requires an increase in the temperature to reach the boiling point.

e.  two of the above are correct.

10. A solution of water and a nonvolatile, nonionizing compound is placed in a tube with a semipermeable membrane on one side.  The tube is placed in a beaker of pure water.  What initial net effect will occur?

answer a
a.  Water will flow from the beaker to the tube.

b.  Water will flow from the tube to the beaker.

c.  The compound will pass through the membrane into the solution.

d.  Nothing will move through the membrane either way.

e.  Equilibrium is immediately established.

11.  What is the molarity of an HCl solution that has a density of 1.12 g/mL and contains 25.0% HCl?

Molarity = moles of solute/liter of solution
if the sample is 25% HCl, then it must be 25 g of HCl per 100g of water (assuming a m/m %)  

25 g HCl dividing by molar mass gives: 0.685 moles HCl
100 g of solution dividing by the density of solution = 89.3 mL of solution = 0.0893 L of solution
0.685/0.0893 = 7.67 M
13.  Formic acid (HCOOH) is a monoprotic acid that ionizes only partially in aqueous solutions.  A 0.10 M formic acid solution is 4.2% ionized.  Assuming that the molarity and molality of the solution are the same, calculate the freezing point and the boiling point of 0.10 M formic acid.  

T =i kfm
What we need is some way to make the “i” value reflect that 4.2% ionization.  A full ionization would give an i value of 2, but we don’t have that.  We effectively have 1.084 particles. Now just plug in i, kf and m and find T. 

T = 1.084 (1.86)(0.10)

= 0.202ºC

so the freezing point is -0.20ºC

The boiling point would be similar:

1.084 (0.51)(0.10) = 0.055ºC

so the boiling point is 100.055ºC
14.  You dissolve 2.0 g of solid MX in 250. g of water.  You find the freezing point to be 0.028oC.  Calculate the Ksp of the solid.  

T = ikfm
0.028 = 2(1.86)m

m= 0.00752 = moles of solute/kg of solvent

moles of solute = 0.00752*0.250 kg of water = 0.00188 moles of solute

.  

Now divide by volume to get molarity (we’ll assume 250 g = 250 mL of water)

0.00188/0.250 = 0.00752 M

Ksp = (0.00752)2 = 5.66 X 10-5
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