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1. Report the molar masses of the elements and compounds below. Report your 
answers in standard notation and five significant figures. 
 
 
I. Elemental bromine: g/mol 
 
 
 
 
 
II. Copper(II) sulfate: g/mol 
 
 
 
 
 
III. Copper(II) sulfate pentahydrate: g/mol 
 
 
 
 
2. Consider samples of three different hypothetical elements. Which of the following 
would you predict contain the largest number of atoms? The order of increasing atomic 
masses for the three elements is provided below. 
 

Element A < Element X < Element Z 
 

 
 
 
 

 
A. 5.00 grams of element A 
B. 5.00 grams of element X 
C. 5.00 grams of element Z 
D. They all have the same number of atoms 
E. More information is needed (i.e. the exact atomic masses of each element) 
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3. How many moles are present in a 10.50 g sample of ZrO2? How many atoms?  
Report your answers in scientific notation. 
 
I. Number of moles: 
 
 
 

 
´ 10      moles 
 

 
II. Number of atoms: 
 
 
 

 
´ 10      atoms 
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4. Consider a 15.00 gram sample of barium phosphide. How many cations are present? 
How many anions? Report your answers in scientific notation. 
 
I. Number of cations: 
 
 
 

 
´ 10      cations 
 

 
 
II. Number of anions: 
 
 
 

 
´ 10      anions 
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5. Consider a sample of C3H8O3 that has a mass of 20.00 grams. How many molecules 
are present? How many total atoms? How many carbon atoms? Hydrogen atoms? 
Oxygen atoms? Report your answers in scientific notation. 
 
I. Number of molecules: 
 
 
 

 
´ 10      molecules 
 

 
II. Number of total atoms: 
 
 
 

 
´ 10      total atoms 
 

 
III. Number of carbon atoms: 
 
 
 

 
´ 10      carbon atoms 
 

 
IV. Number of hydrogen atoms: 
 
 
 

 
´ 10      hydrogen atoms 
 

 
V. Number of oxygen atoms: 
 
 
 

 
´ 10      oxygen atoms 
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6. Consider a hypothetical compound, MX?, which contains exactly one “M” atom 
(atomic mass = 27.16 g/mol) and an unknown number of “X” atoms (atomic mass = 
34.12 g/mol). If 100.0 grams of this hypothetical compound contains 3.680 x 1023 
molecules, how many “X” atoms are present in this compound? Answer by using an 
integer (e.g. 0, 1, etc.). 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
7. Crystals from evaporation of urine analyze to 22.6% phosphorus. Which compound is 
probably present? 
 

 
 
 
 

 
A. NaNH4HPO4 
B. (NH4)3PO4 
C. Na3PO4 
D. H3PO4 
E. Ca3(PO4)2 
 
 
 
8. Which of these could be an empirical formula?  
 

 
 
 
 

 
A. C9H8O4 (aspirin) 
B. C6H8O6 (vitamin C) 
C. C8H10N4O2 (caffeine) 
D. C10H14N2 (nicotine) 
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9. Which of the following are empirical formulas? Select any that apply and answer with 
capital letters and no spaces (e.g. ABCDE). 
 

 
 
 

 
A. C2H6S 
B. C20H24N2O2 
C. C10H22 
D. C6H12N3 
E. C57H110O6 
 
 
10. An unknown organic compound contains carbon, hydrogen, and bromine only. The 
mass percentages of C and H are 12.77% C and 1.60% H. The molar mass of unknown 
organic compound is 186.85 amu. Determine the molecular formula of the unknown. 
Answer by listing the chemical formula with the carbon first, then hydrogen, then 
bromine (e.g. CxHyBrz). 
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11. A compound containing only sulfur and nitrogen is made up of 69.6% S by mass. 
The molar mass of compound is 184 g/mol. What are the empirical and molecular 
formulas of the compound? Answer by listing the chemical formula with the sulfur first 
and then nitrogen (e.g. SxNy). 
 
 
 
I. Empirical formula:   
 
 
 
 
II. Molecular formula:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. An unknown dye is found to be composed of 75.95 % C, 17.72 % N, and 6.33% H. 
 
If the molar mass is determined to be 237.33 g/mol, how many nitrogen atoms are 
present in the molecular formula of the dye? 

 
 
 
 

 
A. 1 
B. 2 
C. 3 
D. 5 
E. 15 
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13. Which of the following statements are true regarding balanced chemical equations? 
 
 
 
 

 
A. The coefficients in the balanced equation indicate the mass present of the reactants 
or products 
B. The sum of the coefficients in the reactants will always equal the sum of the 
coefficients in the products 
C. Matter is conserved in a balanced equation 
D. The number of molecules in the reactants will always be the same in the products 
E. More than one of the above are true 
 
 
14. In the balanced equation for the combustion of benzene (C6H6) below, the 
coefficient for O2(g) is 9.  
 

___C6H6 (l) + ___O2 (g) → ___H2O (g) + ___CO2 (g) 
 

 
 
 
 

 
A. True 
B. False 
 
 
15. Balance the equation below and list the coefficients as whole numbers with no 
commas or spaces (e.g. 1234). 
 

___H2S (g) + ___SO2 (g) → ___S (s) + ___H2O (l) 
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16. How many molecules of molecular oxygen react with four molecules of NH3 to form 
four molecules of nitrogen monoxide and six molecules of water? Answer by using an 
integer (e.g. 0, 1, etc.). 
 

 
 
 
 

 
 
 
 
 
 
17. Which of the following statements is false? 
 

 
 
 

 
A. When dynamic equilibrium is reached, the rate of the forward reaction is equal to the 
rate of the reverse reaction 
 
B. All chemical reactions are product favored at equilibrium (versus reactant favored), 
which is indicated by the forward arrow symbol (→) that is often used in chemical 
reactions 
 
C. In a hypothetical, product favored equilibrium equation, A + B ⇆ C + D, the reactants 
‘A’ and ‘B’ are predicted to largely convert to the products ‘C’ and ‘D’ once equilibrium is 
established 
 
D. Chemical equilibrium is reached when the concentrations of both the reactants and 
products do not change 
 
E. None of the above are false 
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18. In the graph below, a singular reactant converts to a singular product as illustrated
by the two solid lines. Which vertical dashed line in the graph shows equilibrium being
established?

A. Line A
B. Line B
C. Line C
D. Line D
E. Equilibrium is not established in this graph



Additional Practice Questions: 
 
1. A block of Cu contains 3.439 × 1024 atoms. If the density of Cu is 8.96 g/cm3, what is 
the volume of the block in liters? Report your answer in standard notation. 
 

 
L 
 
 

 
 
 
 
 
 
2. Exactly 50.00 grams of an element contains 3.8128 × 1023 atoms. What is the identity 
of the element? Write the chemical symbol in the box below (e.g. H, Br, etc.). 
 

 
 
 

 
 
 
 
 
 
 
 
3. How many atoms of rubidium-85 are in 87.2 g of rubidium? Rubidium-85 is 72.2% 
abundant. Report your answer in scientific notation. 
 
 
 

 
´ 10      atoms 
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4. A student goes to the lab and finds a container of an organic compound, C14H10, 
which in total contains 6.17 × 1022 molecules. If this compound has a density of 1.25 
g/cm3, and has a molar mass of 178.24 g/mol, what volume (in mL) does C14H10 occupy 
in this container?  
 

 
 
 
 

 
A. 22.8 mL 
B. 1.39 × 103 mL 
C. 14.6 mL 
D. 9.76 mL 
E. 18.3 mL 
 
 
 
 
 
5. A compound composed of sulfur and fluorine is found to contain 25.24% by mass of 
sulfur. If the molar mass of the compound is 254.11 g/mol, what is its molecular 
formula? What is its empirical formula? Answer by listing the chemical formula with the 
sulfur first and then fluorine (e.g. SxFy). 
 
 
 
I. Molecular formula:   
 
 
 
 
II. Empirical formula:   
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6. Balance the equation:

___B2O3 (s) + ___HF (l) → ___BF3 (g) + ___H2O (l) 

A. B2O3 (s) + 6 HF (l) → 2 BF3 (g) + 3 H2O (l)
B. B2O3 (s) + H6F6 (l) → B2F6 (g) + H6O3 (l)
C. B2O3 (s) + 2 HF (l) → 2 BF3 (g) + H2O (l)
D. B2O3 (s) + 3 HF (l) → 2 BF3 (g) + 3 H2O (l)
E. B2O3 (s) + 6 HF (l) → 2 BF3 (g) + 6 H2O (l)

7. What is the stoichiometric coefficient of HCl once the equation below is fully
balanced?

___Al (s) + ___HCl (aq) → ___AlCl3 (aq) + ___H2 (l) 

A. 1
B. 2
C. 3
D. 4
E. 5
F. 6
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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 

𝐾𝐾𝐾𝐾 =  
3
2
𝑅𝑅𝑅𝑅 

𝜇𝜇𝑟𝑟𝑟𝑟𝑟𝑟 = �3𝑅𝑅𝑅𝑅
𝑀𝑀

 



𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 𝐴𝐴
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 𝐵𝐵
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∆𝐾𝐾 =  −2.18 × 10−18𝐽𝐽(
1
𝑒𝑒𝑓𝑓2

−
1
𝑒𝑒𝑖𝑖2

) 

 

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  

ln 𝐾𝐾2
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