
CHEM 16 
PROBLEM SET 1A 
 
The Scientific method 
 
1. Explain what is meant by scientific method. 
2. What are the steps involved in the scientific method? 
3. The old saying “A watched pot never boils” comes from the observation that a pot of water seems 

to take longer to boil if you are watching it than if you aren’t/ Describe how you could use the 
scientific method to find out wether the saying is true or not. 
 

Classification and Properties of Matter 
 
4. a. Classify the items listed below as pure substances or mixtures. 

b. Classify pure substances further into elements and compounds 
 rain   cheese   aluminum 

 brown sugar  neon   molten copper 
 glass rod  smog   baking soda  
 chocolate  paracetamol  diamond 
 air   rubbing alcohol  coconut water 
   

5. Give at least two physical properties of each of the following 
a. graphite b.  sodium chloride c. mercury d. gold 

 
6. Give one chemical property of each of the following 

a. Baking soda  c. hydrogen peroxide  e. sucrose (table sugar) 
b. Copper  d. butane 
 

7. Design a procedure for separating the following mixtures 
a. salt and water   c. water and oil 
b. sulfur and iron fillings  d. ethanol and water 

 
8. Identify if the change indicated is physical or chemical 

a. burning of paper 
b. freezing of water from ice 
c. reaction of zinc with hydrochloric acid  

d. a spoonful of table salt dissolves in a bowl of soup 
e. frozen orange juice is reconstituted by adding water 
f. camote turns brown when peeled 
g. The growth of plants depends on the sun’s energy in the process called photosynthesis. 

 
9. Classify the following as either metallic, ionic, covalent molecular or covalent network: 

a. Iodine, I2    f. Cadmium 
b. Silver, Ag    g. Silicon dioxide, SiO2 
c. Siver nitrate, AgNO3   h. Ammonium iodide, NH4I 
d. Sulfur, S    i. Oxygen, O2 
e. Sulfur dioxide, SO2   j. graphite 

 
 
 
 
 
 



10. Consider the substances and their properties in the following table. 

Substance 
Melting 
point 

Electrical conductivity 

Solid Molten Dissolved in water 

A 1560 nil conducts conducts 

B -91 nil nil nil 

C 1463 conducts conducts insoluble 

D 3600 nil nil insoluble 

 
a. which substance is ionic? 
b. which substance is metallic? 
c. which substance is covalent molecular? 
d. which substance is covalent network? 

 
11. Why does KCl, conduct electricity when molten, but not when solid? 
12. Explain why copper is malleable, but copper sulfate, CuSO4 , is brittle. 
13. Why is the melting point of chlorine, Cl2, much lower than that of magnesium chloride? 
14. What makes graphite peculiar?  

 
Atoms, Ions and Molecules 
 
15. a. Which of the postulates stated by Dalton in his atomic theory are still valid today? 

b.Enumerate aspects of Dalton’s theory that have been disproved in the light of new evidence. 
 Give the modifications made on this and the supporting evidence 

 
16. Describe the contribution of the following scientists to our knowledge of atomic structure:  

a. J.J. Thomson   c. Ernest Rutherford 
b. Robert Millikan  d. James Chadwick 

 
17. Describe the experimental basis for believing that the nucleus occupies a very small fraction of the 

volume of atom. 
 

18. Define an element in atomic terms. 
 

19. What is the difference between mass number and atomic mass? 

 
20. The atomic mass of Copper-63 is 62.93 amu. If an electron is removed from the copper atom, the 

resulting particle will still have a mass of 62.93 amu. Why? 
 

21. The atomic masses of the two stable isotopes of boron,    (19.78%) and  (80.22%), are 

10.0129 amu and 11.0093 amu respectively. Calculate the average atomic mass of boron. 

Ans.10.8122 amu 
 

22. The listed atomic mass of gallium, Ga, in tables is 69.72 amu. Determine the percent abundance of 
the naturally-occuring isotopes of gallium from the data given below: 

         Ans. 

Ga – 71  70.954 amu             38.24% 
Ga -  69  68.956 amu          61.76% 
 

23. a. If an electron was removed from an atom, what would be the charge of the resulting particle? 
b. If an electron was added to an atom, what would be the charge of the resulting species? 

 



24. Give the number of protons and the number of electrons in each of the following: 
a. Li+    c. F-   e. Fe2+ 
b. Cr3+   d. N3-     f. H- 

 

 
25. Complete the table: 
 

Symbol Atomic 
number 

Nuclear 
charge 

No.of 
Protons 

No.of 
neutrons 

Mass 
number 

No.of 
electrons 

(neutral atom) 

 

 

      

 
 
 

 
 

  
26 

 
 

 
56 

 
 

 

 
 

    
 

  

 
 
 

 
17 

   
18 

 
 

 
 

 
26. Complete the table below 

 

Cation Anion Compound Formula Name of compound 

 
 
 

   
Magnesium phosphate 

   
Hg2Cl2 

 

 

 
Ag+ 

 
ClO4

- 
 
 
 

 

  
 

 
 
 

 
Calcium hydrogen phosphate 

   
FeO2 

 

 

   
 
 

 
Potassium permanganate 

 

27. Write the formulas of the following covalent molecular compounds. 
a. boron trichloride    d. tetraphosphorus decasulfide 
b. carbon tetrachloride   e. dinitrogen pentoxide 

c. selenium hexafluoride   f. carbon disulfide 
 
 



Laws of Chemical Combination 
 
28. By analysis, a compound of sulphur and oxygen was found to have a mass ratio of 2.0 sulfur to 

oxygen. 
a. How many grams of oxygen are needed to react with 26g of sulphur 
b. In 60.0 g of the compound, how many grams of oxygen are there? How many grams of 

sulfur? 
c. How many grams of compound can be obtained from the reaction of 15 g each sulfur and 

oxygen. 
29. Nitrogen forms a number of compounds with oxygen, some of which contribute to air pollution. 

They are produced by motor vehicles during the burning of fuel when the right temperature is 
generated. In one reaction, 4.2 g nitrogen combined with 2.4 g of oxygen. In another reaction, 3.5g 
of nitrogen is combined in 8.0 g oxygen. Were the compounds formed in the separate reactions the 
same or different? Do these data illustrate the law opf multiple proportions? Why or why not? 
 

Mole Concept 

30. Give the formula/molecular mass of the following compounds: 
a. Na2C2O4     
b. CH3(CH2)18COOH (aradridic acid, fatty acid in peanut oil) 
c. CuSO4

. 5H20 
d. C10H8 (naphthalene) 
e. C10H19PS2O6 (malathion) 

 

31. How many grams are in 0.25 mole of  
a. CuSO4

.5H2O   c. Na2C2O4 
b. C10H8    d. BiBr3 

 
32. How many molecules are in 10.25 g of 

a. butane, C4H10   c. iodine, I2 
b. glucose, C6H12O6  d. carbon disulfide, CS2 

 
33. Which of the following will contain the most number of atoms? 

a. 2.00 g of potassium metal c. 1.27g iodine 
b. 0.3 mole of hydrogen atom d. 1.204 x 1021 atoms of sulfur 
 

34.  The gem emerald is a pure crystal of the mineral beryl, Be3Al2(SiO3)6. How many atoms of beryllium 

is present in 134.35g of beryl?  
 

35. How many grams of H2O are there in 10.0 g of tetraphenylarsonium chloride dehydrate, 
(C6H5)4AsCl.2H2O. Ans. 0.792g 
 

36. Calculate the percentage composition of each of the following: 
a. KCN 
b. CaF2 
c. Ethanol, CH3CH2OH 
d. Fumaric acid, C4H4O4 
e. Trinitrotoluene, C6H2(CH3)(NO2)3 

 
37. The complete combustion of a 0.285 g of a pure hydrocarbon yielded 0.878 g CO2 and 0.405 g H2O. 

What is the mass % C in this hydrocarbon? Ans. 84.1% 
 
 



38. Allicin is the compound responsible for the characteristic smell of garlic. An analysis of the 

compound gives the following percent composition by mass: C(44.4%); H(6.21%); S(39.5%); 

O(9.86%). Calculate its empirical formula. What is the molecular formula given that its molar mass 

is about 162 g/mol.  

 

39. Putrescine, a substance responsible for the odor of decaying fish, has the following percentage 

composition by mass: Carbon (54.50%); Hydrogen(13.72%); Nitrogen(31.78%). The molar mass of 

putrescine is 88.15g/mol. Determine its empirical formula and molecular formula.  


