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Instructions: 

§ This recitation worksheet covers Ch. 4.2-4.5, 4.7. 
§ 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. Seivert’s 

MyID is mds73312). 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 9:00 AM on the Saturday of the recitation 
week. 

§ 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. Carbon monoxide reacts with oxygen to produce carbon dioxide according to the 
chemical equation: 

 
2 CO (g) + O2 (g) → 2 CO2 (g) 

 
Given the initial reaction mixture shown in the figure (grey spheres represent oxygen 
and whites sphere represent carbon), which figure best represents the mixture after 
the reaction has ended? 

 
 

 
 
 

 
A. 

 

B. 

 
    
    

C. 

 

D. 

 
    
    

E. 
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2. First, balance the equation below, then answer the following questions in which 20.00 
grams of explosive sodium metal and 20.00 grams of poisonous chlorine gas produces 
sodium chloride. Report your answers in standard notation. 
 
 

_____Na (s) + _____Cl2 (g) → _____NaCl (s) 
 

 
(a) What is the limiting reactant?  
 

 
  
 

 
A. Na 
B. Cl2 
C. Both Na and Cl2  
 
 
 
 
 
 
 
(b) What mass (in grams) of NaCl forms if the percent yield is 100.0%?  
 

 
g 
 

 
 
 
 
(c) What mass (in grams) of NaCl forms if the percent yield is 74.1%? 
 

 
g 
 

 
 
 
(d) What is the percent yield of the reaction if 23.51 grams of NaCl is collected? 
 

 
% 
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3. Consider the balanced combustion reaction below in which 6.67 mL C3H7OH (d = 
0.804 g/cm3) reacts in the presence of 9.04 g O2 gas yielding 2.45 mL of H2O (density = 
1.00 g/cm3). Report your answers in standard notation. 
 

2 C3H7OH (l) + 9 O2 (g) → 6 CO2 + 8 H2O 
 
(a) What is the limiting reactant? 
 

 
 
 
 
 
 
 
 
(b) What is the theoretical yield of H2O (in grams)? 
 

 
g 
 

 
 
(c) What is the percent yield of H2O? 
 

 
% 
 

 
 
4. A scientist goes to lab to synthesize Na3AlF6 via the balanced chemical reaction 
below. If they need 780. grams of Na3AlF6, and the overall percent yield is 45.4 %, how 
much Al2O3 (in grams) is needed? You may assume NaOH and HF is in excess here. 
Report your answer in standard notation. 
 

6 NaOH + Al2O3 + 12 HF → 2 Na3AlF6 + 9 H2O 
 

 
g 
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5. Consider the balanced equation below in which 10.86 grams of PCl5 reacts with 
13.58 grams of AsF3. 
 

3 PCl5 + 5 AsF3 → 3 PF5 + 5 AsCl3 
 
 
(a) What is the excess reactant? 
 

 
 
 

 
A. PCl5 
B. AsF3 
 
 
(b) How many grams of excess reactant are left over after the reaction is complete? 
Report your answer in standard notation and with four significant figures. 
 

 
g 
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6. In combustion analysis, the oxygen content of a substance is equal to the total 
oxygen in the CO2 and H2O collected in the absorbers. 
 

 
 
 

 
A. True 
B. False 
 
 
7. Write the chemical equation for the combustion of butanoic acid (C4H8O2) and 
determine which statements are true. Select any that apply and answer using capital 
letters with no spaces (e.g. ABCDE). 
 

 
 
 

 
A. Combusting 1 mole of butanoic acid produces 4 moles of water 
B. Carbon monoxide and water are the two products of this reaction 
C. The sum of the stoichiometric coefficients on the balanced chemical equation is 13 
D. The total number of moles on the product’s side is equal to the total number of 
moles on the reactant’s side 
E. To react 5 moles of oxygen, 1 mol of butanoic acid is required 
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8. Consider an unknown organic compound composed of carbon, oxygen, and 
hydrogen. A 10.00 g sample of this compound is burned completely in the presence of 
excess oxygen in which 16.94 g of carbon dioxide and 6.930 g of water are isolated. 
 
Provide an empirical formula for this compound. Answer by listing the chemical formula 
with the carbon first, then hydrogen, then oxygen (e.g. CxHyOz). 
 

 
 
 

 
 
 
The molar mass of this compound is 104.12 g/mol. Provide the molecular formula listing 
the formula with the carbon first, then hydrogen, then oxygen (e.g. CxHyOz). 
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9. What mass (g) of NaOH is contained in 250.0 mL of a 0.400 M sodium hydroxide 
solution? Report your answer in standard notation. 
 

 
g 
 

 
 
 
 
 
 
 
 
 
10. Concentrated hydrochloric acid is approximately 12.2 M. If a student needs to 
prepare 300. mL of 1.500 M hydrochloric acid, what volume (mL) of concentrated acid is 
needed? Report your answer in standard notation. 
 

 
mL 
 

 
 
 
 
 
 
 
 
 
 
11. What is the molarity of the chloride ions in a 600. mL solution after 127.4 g of 
aluminum chloride (molar mass = 133.33 g/mol) has been added? Report your answer 
in standard notation. 
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12. Consider a hypothetical set of experiments completed by a student in lab given 
below. Answer the following questions using standard notation. 
 
(a) The student starts by dissolving 7.24 × 103 milligrams of NaCl in 150.00 mL 
deionized water inside a volumetric flask. What is the concentration of NaCl in the flask? 
 
 
[NaCl] :      M   
 
 
 
 
 
 
(b) In a separate flask, the student dissolves 3.79 × 10-2 kilograms of LiBr in 200.00 mL 
deionized water. What is the concentration of LiBr in the flask? 
 
 
[LiBr] :      M   
   
 
 
 
 
 
 
 
(c) After making both solutions, the student places 100.00 mL of the NaCl solution and 
100.00 mL of the LiBr solution in a separate volumetric flask together. What are the final 
concentrations of both solutions after mixing them together? 
 
 
[NaCl] :      M   
 
 
 
 
[LiBr] :      M   
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13. If 70.00 mL of 0.910 M BaCl2 is added to 45.20 mL of 0.190 M AgNO3, and 0.785 
grams of solid is collected, what is the percent yield of the reaction? Report your answer 
in standard notation. 
 

 
% 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
14. Consider a hypothetical scenario in which you need 125.0 grams of PbCl2. You go 
to the lab and find a limited volume of 0.700 M NaCl and an excessive amount of 0.900 
M Pb(NO3)2, both of which can be combined to form PbCl2. If the percent yield of the 
reaction is 51.25 %, what volume (in mL) of 0.700 M NaCl do you need? Hint: Pb(NO3)2 
will be your excess reactant. Report your answer in scientific notation. 
 
 
 

 
´ 10      mL 
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15. A 375.00 mL sample of 0.400 M CsCl and a 200.00 mL sample of 1.900 M CsCl is 
added to a beaker. Afterwards, AgNO3 is added to the beaker to react with the CsCl 
solution. Start by writing the balanced equation, and then determine the mass of AgNO3 
required to completely react with CsCl. Report your answer in standard notation. 
 

 
g 
 

 
 
 
 
 
 
 
 
 
 
 
 
16. A scientist goes to the lab and finds a solution of H3PO4 that has an unknown 
concentration. Upon experimentation, they find that they can neutralize 60.00 mL of the 
H3PO4 solution by using 41.75 mL of a 2.000 M LiOH solution. Based on this 
information, what is the concentration of the unknown H3PO4 solution? Report your 
answer in standard notation. 
 

H3PO4 (aq) + 3 LiOH (aq) → Li3PO4 (aq) + 3 H2O (l) 
 

 
M 
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17. A beaker containing 100.00 mL of 1.50 M KOH is mixed with another beaker 
containing 200.00 mL of 2.00 M HClO4. What are the concentrations of the ions given 
below after the reaction goes to completion? Report your answers in standard notation 
and to three significant figures. 
 
 
 
I. Perchlorate ion:  M 
 
 
 
 
II. Hydroxide ion:  M 
 
 
 
 
III. Potassium ion:  M 
 
 
 
 
IV. Hydrogen ion:  M 
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Extra Practice Questions: these questions will not be graded. 
 
1. First, balance the equation below, then determine the limiting reactant in the following 
scenario. Write the corresponding letter (“A” or “B”) in the box below. 
 

_____P4 (s) + _____Cl2 (g) → _____PCl3 (l) 
 
(A) 6 mol P4 reacting with (B) 6 mol Cl2 

 
 
 
 

 
 
 
 
 
 
2. How many grams of excess reactant remain when 10.00 g of iron(III) oxide react 
with 15.00 g of elemental aluminum (to completion) to create aluminum oxide 
and elemental iron? Report your answer in standard notation and four significant 
figures. 
 

 
g 
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3. How many grams of K2O (MW = 94.20 g/mol) are formed when 150.0 g of KNO3 (MW 
= 101.11 g/mol) is decomposed according to the balanced reaction below if the percent 
yield is 58.15 %? 
 

4 KNO3 (s) → 2 K2O (s) + 2 N2 (g) + 5 O2 (g) 
 

 
 
 

 
A. 279.4 g 
B. 69.87 g 
C. 40.63 g 
D. 75.00 g 
E. 162.5 g 
 
 
 
 
 
 
 
 
4. A scientist goes to lab and decomposes a 25.0 g sample of PbCO3 into PbO and CO2 
according to the balanced equation below. What is the percent yield of this reaction if 
12.0 g of PbO is collected? (Molar mass PbCO3 = 267.21 g/mol, molar mass PbO = 
223.20 g/mol, molar mass CO2 = 44.01 g/mol) 
 

PbCO3 (s) → PbO (s) + CO2 (g) 
 

 
 
 

 
A. 34.3 % 
B. 48.0 % 
C. 57.5 % 
D. 71.2 % 
E. 89.9 % 
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5. Glucose (C6H12O6) can be combusted. Write the balanced combustion equation and 
select the coefficient for carbon dioxide. 
 

 
 
 

 
A. 2 
B. 3 
C. 4 
D. 5 
E. 6 
 
 
6. Styrene, the building block of the plastic polystyrene (Styrofoam and #6 plastic), is a 
compound consisting only of C and H. You run combustion analysis on 4.21 × 10−3 
moles of the compound and find that it produces 1.481 g of CO2 and 0.303 g of H2O. 
 
I. What is the empirical formula of styrene? Answer by listing the chemical formula with 
the carbon first and then hydrogen (e.g. CxHy). 
 

 
 
 

 
 
II. What is the molecular formula of styrene if the molar mass is 104.16 g/mol? Answer 
by listing the chemical formula with the carbon first and then hydrogen (e.g. CxHy). 
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7. If 31.5 g of potassium phosphate is dissolved in 750. mL of water, what is the molarity 
of the potassium ions in the resulting solution? Report your answer in standard 
notation. 
 

 
M 
 

 
 
 
 
 
 
 
 
8. A student leaves 750. mL of a 50.0 mM salt solution in an uncorked flask, and it 
evaporates down to a volume of 699 mL before someone else finds it. What is the 
concentration (mM) of the resulting solution? Report your answer in standard notation. 
 

 
mM 
 

 
 
 
 
 
 
 
 
9. If 70. mL of a 0.29 M Mg(OH)2 solution is diluted to a total volume of 250. mL, what is 
the final concentration (M) of the hydroxide ions in solution? Report your answer in 
standard notation. 
 

 
M 
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10. Luria Broth (LB) is a widely used bacterial culture medium. Most recipes for LB are 
40.% tryptone, 40.% sodium chloride, and 20.% yeast extract. 2.00 L of LB is made by 
dissolving 50. g of this mixture in 2.00 L of water. What is the molarity of the sodium 
chloride in the resulting solution? Report your answer in standard notation. 
 

 
M 
 

 
 
 
 
 
 
 
 
 
 
 
11. Figure 1 shows a 10.0 mL sample taken from a solution of NaCl. Another 10.0mL 
sample was taken after a student left the solution unattended for a period of time, which 
is shown in Figure 2: 
 

 
 

What happened to the solution while it was unattended? 
 

 
 
 
 

A. Water evaporated from the solution. 
B. Water was added to the solution. 
C. Sodium chloride solid was added to the solution. 
D. More concentrated sodium chloride solution was added to the solution. 
E. More than one of the above could have happened 
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12. What volume (in mL) of 7.90 M H3PO4 is produced when 3.25 metric tons of 
Ca5(PO4)3F reacts with excess H2SO4 and excess H2O if the percent yield is 58.2%? 
Report your answer in scientific notation. Note: 1 metric ton = 1000 kg 
 
Ca5(PO4)3F (s) + 5 H2SO4 (aq) + 10 H2O (l) →  

3 H3PO4 (aq) + 5 (CaSO4∙2 H2O) (s) + HF (aq) 
 
 
 

 
´ 10      mL 
 

 
 
 
 
 
 
 
 
 
 
 
 
13. A scientist is finishing up a reaction and is putting away their reagents. In the 
process, they accidentally knock over a bottle of 5.50 M H2SO4. To clean up the mess, 
they neutralize the acid using NaHCO3, which is a common practice in the laboratory. If 
they spilled 135.51 mL of H2SO4, what mass (in grams) of NaHCO3 will they need to 
completely neutralize the acid? Report your answer in standard notation. 
 

H2SO4 (aq) + 2 NaHCO3 (s) → Na2SO4 (aq) + 2 H2O (l) + 2 CO2 (g) 
 

Disclaimer: it is also common practice in the laboratory to use an excessive amount of 
NaHCO3 as quickly as possible to neutralize an acid spill due to safety concerns. 
 
 

 
g 
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14. If 150. mL of 0.25 M calcium hydroxide and 750 mL of 0.160 M hydrobromic acid 
are mixed together, what are the concentrations of the ions given below after the 
reaction goes to completion? Report your answers in standard notation and to two 
significant figures. 
 
 
I. Calcium ion:  M  
 
 
 
 
II. Hydroxide ion:  M  
 
 
 
 
III. Bromide ion:  M 
 
 
 
 
IV. Hydrogen ion:  M 
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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 
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 
Avogadro's number: 6.022 × 1023 

F = 96485 J/(V∙mol e−) 
Kw = 1.0 × 10−14 at 25 °C 
kb = 1.381 × 10−23 J/K 
 
Equations 
(P + a(n2/V2))·(V − nb) = nRT 
molar mass (M) = mRT/PV 
density (d) = MP/RT 
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Cg = kPg 

Psolution=Psolvent Xsolvent 
Psolution=∑Pj=∑PjXj 
π = MRTi 

Thermodynamic and Electrochemistry 
S = kb × ln(W) 
ΔS = qrev/T  
∆G = ∆G° + RT∙lnQ  
R=8.314 J/mol.K 
∆G° = −RT∙lnK 
∆G= −nFEcell  
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  
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