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Recitation Worksheet Six 

Name:     MyID: 

Textbook:  
Chemistry & Chemical Reactivity 
by John C. Kotz, Paul M. Treichel, John R. Townsend, David Treichel 
11th Edition | Copyright 2024 

Instructions: 
▪ This recitation worksheet covers Ch.13.4
▪ Please enter your first and last name as it appears on the eLC roster (do not use a nickname

that is not reflected in eLC).
▪ Your UGA myID is a combination of letters and numbers (example: Dr. Abdelrahman’s MyID is

ema88805@uga.edu). Do not use your 81x number.
▪ Your completed worksheet has to be submitted to Gradescope. You have multiple options for

submission:
o You may use an app to annotate the worksheet by placing your answers in the answer

boxes and showing your work when appropriate. Afterward, submit the worksheet to
Gradescope. You will not need to upload anything to eLC.

o You may print out the worksheet, write your answers in the answer boxes, and show
your work on it when appropriate. Afterward, convert the worksheet to a PDF and
submit to Gradescope. You will not need to upload anything to eLC.

o If you do not have access to a printer, you may type your answers directly into the
worksheet PDF and then submit it to Gradescope. Write your work on separate sheets
of paper, convert them to a PDF, and upload to the appropriate dropbox on eLC.

o There is a Gradescope app available for both iOS and Android devices that allows you
to scan and submit your printed work, or you can submit your fillable PDF directly.

▪ The following criteria must be met to be eligible for full credit:
o You must make sure the pages are in the correct order and have the same layout as the

original worksheet when submitting to Gradescope regardless of your submission type.
o Answers must be written in the corresponding answer boxes.
o You must show your work when appropriate.

▪ This worksheet is due no later than 12:00 PM (noon) on the Saturday, October 4th.
▪ A periodic table and formula sheet are attached to the end of this worksheet. Please keep

these attached to your worksheet in the correct order when submitting to Gradescope.
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1. What is the total vapor pressure of a solution obtained by mixing 35.8 g of benzene (C6H6, a volatile

solute) in 56.7 g toluene (C6H5CH3) solvent at 25 °C. The vapor pressure of pure benzene is 95.1 mmHg,

and the vapor pressure of pure toluene is 28.4 mmHg at 25 °C.

 mmHg 

2. Calculate the vapor pressure at 25 °C of a solution containing 165 g of glucose, C6H12O6, non-volatile

solute dissolved in 685 g of water. The vapor pressure of pure water is 23.8 mmHg at 25 °C.

 mmHg 
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3. Dissolving 1.10 g of an unknown compound in 75.22 g of benzene reduces its freezing point from 5.53 °C

to 4.92 °C. What is the molar mass of the unknown compound? Kf benzene = −5.12 °C.

 g/mol 

4. If the freezing point depression of a 0.10 m aqueous solution of a solute can be expressed as

ΔTf = −i0.186 °C. For the group of solutes given, which freezing points correctly matches the solutes

dissolved in water? Kf  for H2O = −0.186 °C/m

A. CH3CH2OH, ΔTf = −0.930 °C

B. MgSO4, ΔTf = −0.186 °C

C. NH4NO3, ΔTf = −0.774 °C

D. CaCl2, ΔTf = −0.558 °C

E. C6H6, ΔTf = −0.297 °C
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5. Substance A has a greater molar mass than substance B. They are both nonvolatile and nonelectrolyte.

If 10 g of substance A are completely dissolved in 250 g of water in one beaker (solution A), and 10 g of

substance B are completely dissolved in 250 g of water in another beaker (solution B), then,

A. the vapor pressure of solution A will be lower than the vapor pressure of solution B.

B. the solution of A will freeze at a lower temperature than the solution of B.

C. the two solutions will have the same vapor pressure.

D. the boiling point of solution A will be lower than the boiling point of solution B.

E. the solution of A will have a higher osmotic pressure than the solution of B.

6. We wish to lower the freezing point of the water in an automobile radiator to −40 °C. The total mass of

water in radiator is 12.0 kg. For which one of the following compounds would we have to use the greatest

mass of solute to achieve the same degree of freezing points depression? You may assume that Kf for

water = −1.86 °C/m and that all ionizable solutes are completely ionized.

A. AlF3 (M.W. = 84 g/mol) 

B. C2H5OH.  (M.W. = 46 g/mol) 

C. CaCl2  (M.W. = 111 g/mol) 

D. C3H6(OH)2 (M.W. = 76 g/mol) 

E. NaCl (M.W. = 58.5 g/mol) 
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7. What is the vapor pressure at 20 °C of a saturated solution of urea (CO(NH2)2), a non-volatile solute in

methanol (CH3OH) if the solubility of urea is 17.0 g urea/100 mL methanol? The density of methanol is 
0.792 g/mL, and its vapor pressure at 20 °C is 95.7 mmHg. 

 mmHg 

8. What mass of NaCl in grams should be added to a 2.50 L of water in an ice-cream maker to make a

solution that freezes at −10.0 °C?

g 

9. An ideal liquid solution has two volatile components (a volatile solute dissolved in a volatile solvent). In the

vapor in equilibrium with the solution, the mole fractions of the components are:

A. Both equal to 0.5

B. Equal but not necessarily 0.5

C. Not very likely to be equal

D. 1.0 for the solvent and 0.0 for the solute
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10. Some of us assume that adding salt to pasta water before boiling it helps with the cooking process by

raising the boiling point of water. How many grams of table salt (NaCl, molar mass = 58.44 g/mol) would

be added to 1L of water at 760 torr to raise the boiling point of water by 2.0 °C? Kb for H2O = 0.512 °C/m.

  g 

11. An unknown compound is 42.9 % C, 2.4% H, 16.7% N, and 38.1% O by mass. Dissolving 6.45 g of this

unknown compound in 50.0 mL of benzene (density of benzene = 0.879 g/mL), lowers the freezing point

of benzene from 5.53 °C to 1.37 °C. What is the molecular formula of this compound? Kf  for benzene =

5.12 °C/m Formatting tip: the elements in your answer should follow this order: CwHxNyOz.
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12. Which of the following will have the lowest boiling point?

A. 0.25 m aqueous sucrose

B. 0.50 m aqueous glucose

C. Pure water

D. 0.05 m aqueous FeI3

E. 0.1 m aqueous SrSO4

13. A 2.05 m aqueous solution of some unknown had a boiling point of 102.1 °C. Which one of the following

could be the unknown compound? Kb for H2O = 0.512 °C/m.

A. NaCl

B. CH3OH

C. C6H12O6

D. Na2CO3

E. CaBr2

14. When 0.500 g of vitamin K is dissolved in 10.0 g of camphor (Kf = 40.0°C/m), the freezing point of the

solution is 4.43°C lower than that of pure camphor. Assuming vitamin K is a nonelectrolyte in camphor,

calculate its molar mass.

A. 0.451 g/mol

B. 55.4 g/mol

C. 451 g/mol

D. 3.54 x 104 g/mol
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15. Two alcohols, isopropyl alcohol, and propyl alcohol, have the same molecular formula, C3H8O. A solution

of the two is two-thirds by mass isopropyl alcohol has a vapor pressure of 0.110 atm at 313 K. A solution

that is one-thirds by mass isopropyl alcohol has a vapor pressure of 0.089 atm at 313 K. What is the vapor

pressure of pure isopropyl alcohol (P°iso) and the vapor pressure of pure propyl alcohol (P°pro) in atm?

A. P°iso  atm 

B. P°pro  atm 
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Extra Practice Questions: these questions will not be graded 

1. The freezing point of acetic acid is typically 16.6 °C. If a sample of 95% w/w acetic acid and 5% w/w water

is cooled, at what temperature in degrees Celsius would it freeze? The density of acetic acid is 1.05 g/mL.

(Kfp = -3.90 °C/m for acetic acid).

°C 

2. What is the total vapor pressure in mm Hg above a solution of 25% v/v methanol dissolved in ethanol?

(Methanol: MW = 32.04 g/mol, density = 0.792 g/mL, VP at 25 °C = 97.7 mm Hg; Ethanol: MW = 46.07

g/mol, density = 0.789 g/mL, VP at 25 °C = 58.7 mm Hg).

mm Hg 

3. Which of the aqueous solutions below will have the highest vapor pressure?

A. 0.10 m MgSO4

B. 0.030 m CH3CH2OH

C. 0.0090 m CaCl2

D. 0.011 m KCl

E. All the solutions have the same vapor pressure
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4. A solution of hexane (volatile solute) and heptane contains a mole fraction of heptane, 𝜒 = 0.810 mol and

the normal boiling point of the solution is 90.4 °C. The vapor pressure of pure hexane at this temperature is

1425 mm Hg. What is the vapor pressure in mmHg of pure heptane at 90.4 °C?

 mmHg 

5. Consider the four solutions, and choose which statement is false :

I) 1 L of pure Water

II) 1 L of water with 0.15 moles of CH3OH added

III) 1 L of water with 0.15 moles of CH3CH2OH

IV) 1 L of water with 0.15 moles of NaCl added

A. The pure water solution will have the highest vapor pressure

B. The solution with 0.15 moles of CH3OH will have the same vapor pressure as the

C. solution with 0.15 moles of CH3CH2OH

D. The solution with 0.15 moles of CH3OH will have higher vapor pressure than the

solution with 0.15 moles of NaCl

E. The solution with 0.15 moles of NaCl will have the highest vapor pressure

6. Which of the following effects would not result when CaCl2 was added to water?

A. The melting point would decrease

B. The boiling point would decrease

C. The vapor pressure would decrease

D. The electrical conductivity of the solution would increase
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7. Choose the false statement regarding a 1 L aqueous solution that contains 1.0 g of NaCl. If all
statements are true, choose “none of these are false”.

A. χsolvent > χsolute

B. Tf(aq. solution) > Tf(H2O)
C. mol % solute < mol % solvent
D. Tb(aq. solution) > Tb(H2O)
E. none of these are false

8. A mixture of benzene and toluene has a total vapor pressure at 25 °C of 45.06 mmHg. What is the partial

pressure of benzene in this solution? The vapor pressure of pure benzene and pure toluene at 25 °C are

95.03 mmHg and 28.40 mmHg respectively.

A. 0.7500 mmHg

B. 23.76 mmHg

C. 0.3217 mmHg

D. 21.30 mmHg

E. 16.66 mmHg

9. Arrange the following three aqueous solutions (all 250 cm3 in volume) according to decreasing osmotic
pressure at 273 K: 5 g of C2H5OH, 5 g C6H12O6 ,and 5 g C12H22O11.

A. C2H5OH > C6H12O6 > C12H22O11

B. C2H5OH > C6H12O6 = C12H22O11

C. C6H12O6 > C2H5OH > C12H22O11

D. C12H22O11 > C6H12O6 > C2H5OH

E. C12H22O11 > C2H5OH > C6H12O6

10. Solutions are made that contain 0.10 moles of each of the following compounds in 100 g of H2O. Choose 
the compound whose solution will have the highest freezing point.

A. K2SO4

B. NaI
C. Mg(CH3CO2)2

D. Sr(NO3)2



Formula Sheet 

Length 
1 kilometer = 0.62137 mile 
1 inch = 2.54 centimeters (exactly) 
1 Ångstrom = 1 × 10−10 meter 

Energy 
1 joule = 1 kg·m2/s2 
1 calorie = 4.184 joules 
1 Calorie = 1 kilocalorie = 1000 calories 
1 L·atm = 101.325 joules 

Pressure 
1 pascal = 1 N/m3 = 1 kg/m·s2 
1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 lb/in2 
1 bar = 1 × 105 Pa (exactly) 

Temperature 
0 K = −273.15°C 
K = °C + 273.15 
°C = (5/9)(°F − 32) 

Mass 
1 kg = 2.205 lbs 

Volume 
1 mL = 1 cm3 = 1 cc 

Constants 
c = 2.998 × 108 m/sec 
h = 6.626 × 10−34 J·sec−1 
R = 0.08206 L·atm/mol·K = 8.314 J/mol·K 
Specific heat of water = 4.184 J/g∙K 
Mass of an electron: 9.109 x 10−31 kg 
Mass of a proton: 1.673 x 10-27 kg 
RH = 2.18 x 10−18 J 
Specific heat of water = 4.184 J/g∙K 
STP = 273.15 K and 1 atm 
Avogadro's number: 6.022 × 1023 

Equations 
d (density) = m/V 
P1V1=P2V2 
V1/T1=V2/T2 
P1V1/n1T1=P2V2/n2T2 
PV=nRT 
(P + a(n2/V2))∙(V − nb) = nRT 
molar mass (M) = mRT/PV 
density (d) = MP/RT 
xA = nA/ntot = PA/Ptot = VA/Vtot 
Ptot = PA + PB + … 
ntot = nA + nB + …  

𝜇𝑟𝑚𝑠 = √
3𝑅𝑇

𝑀



𝑅𝑎𝑡𝑒 𝑜𝑓 𝑒𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝐴

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑒𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝐵
= √

𝑀𝑊𝐵

𝑀𝑊𝐴

Q = C × ΔT = cspecific × m × ΔT  
Q = n × ΔH (kJ/mol) = m × ΔH (kJ/g) 
w = −PΔV 
ΔE = q + w 
ΔH° = ΣnΔHf°(products) − ΣnΔHf°(reactants) 
ΔH° = ΣnΔH°(bonds broken) − ΣnΔH°(bonds formed) 
E=hν 
c=λν 
λ = h/mv  

∆𝐸 =  −2.18 × 10−18𝐽(
1

𝑛𝑓
2 −

1

𝑛𝑖
2) 

Cg = kPg

Psolution=Psolvent Xsolvent 
Psolution=∑Pj=∑PjXj 
ΔTb = Kbmi 
ΔTf = Kfmi 
π = MRTi 

Thermodynamic and Electrochemistry 
S = kb × ln(W) 
kb = 1.381 × 10−23 J/K 
ΔS = qrev/T  
ΔSsurr = qsurr/T = −qrev/T 
ΔSuniv = ΔSsys + ΔSsurr 
ΔS°rxn = ΣνS°products − ΣνS°reactants 
ΔH°rxn = ΣνH°products − ΣνH°reactants  
ΔG°rxn = ΣνG°products − ΣνG°reactants  
ΔG = ΔH – TΔS 
∆G = ∆G° + RT∙lnQ  
R=8.314 J/mol.K 
∆G° = −RT∙lnK 
∆G= −nFEcell  
F = 96485 J/(V∙mol e−) 
E°cell = RT/nF lnK  
E°cell = (0.0257/n) lnK = (0.0592/n) logK  
Ecell = E°cell − (RT/nF) lnQ  
Ecell =E°cell − (0.0257/n) lnQ  
Electrolysis: Q (total charge) = I × t = n × F 

Integrated Rate Laws & half-life 



Equilibrium and Acid / Base 
KP = Kc × (RT)Δn  
pH = −log[H3O+] 
Kw = 1.0 × 10−14 at 25 °C  
Kw = [H3O+] × [OH−]  
Kw = Ka × Kb  
pKa = −log[Ka]  
Buffer: pH = pKa + log  

ln 𝐾2

𝐾1
=  

𝐻𝑟𝑥𝑛
°

𝑅
 ( 1

𝑇1
− 

1

𝑇2
) 
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