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SECTION A (MULTIPLE CHOICE QUESTIONS)                   [10 MARKS] 

Please note that only one answer is correct. 
 

1. After carrying out the following operations, how many significant figures are appropriate 

to show in the result?          (1)  

 (13.7 + 0.027) ÷ 8.221      

A)  1   B) 2  C)  3  D)  4  E)  5 

 

 

2. One of the common intravenous fluids, called physiological saline, is a homogeneous 

mixture of NaCl in water. In this mixture, 0.89% of the mass is contributed by the NaCl.  

What mass of NaCl is found in 450. cm3 of physiological saline? (Given: density of 

physiological saline = 1.005 g/cm3)         (2) 

 

 A)  2.0 g           B)  4.0 g            C)  5.1 g          D)  508 g         E)  400 g 

 

 

3. Which of the following represents a valid hypothesis?      (1) 

 

A)  Argon does not react with oxygen. 

B)  Sodium metal reacts violently with water. 

C)  Lead is soft and malleable. 

D)  Nitrogen is a gas at room temperature. 

E) Metals tend to lose electrons. 

 

 

4. All of the following are properties of tin.  Which one is a chemical property of tin?   (1) 

 

 A)  Tin can be hammered into a thin sheet. 

 B) At –40°C a sheet of tin crumbles to a gray powder. 

 C) Tin melts at 231.9°C. 

 D) When a bar of tin is bent, it emits an audible “cry”. 

 E) Tin erodes when added to hydrochloric acid, and a clear gas forms. 

 

 

5. Which of the following is an example of the law of multiple proportions?    (1) 

 

 A)  A sample of chlorine is found to contain three times as much Cl-35 as Cl-37. 

 B)  Two different compounds formed from carbon and oxygen have the following 

mass ratios:  1.33 g O: 1 g C and 2.66 g O: 1 g C. 

 C)  Two different samples of table salt are found to have the same ratio of sodium to 

chlorine. 

  D)  The atomic mass of bromine is found to be 79.90 amu. 

 E)  Nitrogen dioxide always has a mass ratio of 2.28 g O: 1 g N. 
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6. Rutherford's experiment with alpha particle scattering by gold foil established that    (1) 

 

 A) protons are not evenly distributed throughout an atom. 

 B) electrons have a negative charge. 

 C) electrons have a positive charge. 

 D) atoms are made of protons, neutrons, and electrons. 

 E) protons are 1840 times heavier than electrons. 

 

 

7. An atom of helium has a mass about four times greater than that of an atom of hydrogen. 

Which choice makes the correct comparison of the relative numbers of helium and 

hydrogen atoms in equal masses of the two elements?      (1) 

 

A) There are about four times as many helium atoms as hydrogen atoms. 

B) There are about two times as many helium atoms as hydrogen atoms. 

C) The number of helium and hydrogen atoms is the same. 

D) There are about half as many helium atoms as hydrogen atoms. 

E) There are about one-fourth as many helium atoms as hydrogen atoms. 

 

  

8. The element oxygen consists of three naturally occurring isotopes: 16O, 17O, and 18O. The 

atomic mass of oxygen is 16.0 amu.  What can be implied about the relative abundances 

of these isotopes?           (1) 

 

A) More than 50% of all O atoms are 17O. 

B) Almost all O atoms are 18O. 

C) Almost all O atoms are 17O. 

D) The isotopes all have the same abundance, i.e. 33.3%. 

E) The abundances of 17O and 18O are very small. 

 

 

9. Which one of the following does not represent 1.000 mol of the indicated substance? 

 (1) 

A)     6.022 × 1023 carbon atoms  

B)     nitrogen atoms in 14.0 g nitrogen gas molecules   

C)     65.39 g Zn metal  

D)     6.022 × 1023 chlorine gas molecules  

E)     12.01 g carbon atoms 
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SECTION B (THEORY AND PROBLEMS)           [90 MARKS] 

QUESTION 1                 [13 MARKS] 

1.1 Describe the difference between an intensive and extensive property using examples. (2)  

 

1.2 Hexane (C6H14, density = 0.766 g/cm3), perfluorohexane (C6F14, density = 1.669 g/cm3), 

and water are immiscible liquids; that is, they do not dissolve in one another. You place 

10 mL of each in a graduated cylinder, along with pieces of high-density polyethylene 

(HDPE, density = 0.97 g/cm3), polyvinyl chloride (PVC, density = 1.36 g/cm3), and 

Teflon (density = 2.3 g/cm3). None of these common plastics dissolves in these liquids. 

Describe what you expect to see.         (3) 

 

 

1.3 The smallest repeating unit of a crystal of common salt is a cube (called a unit cell) with 

an edge length of 0.563 nm. 

 

1.3.1 What is the volume of this cube in cubic nanometers?      (2) 

1.3.2 What is the volume of this cube in cubic centimeters? Show all steps in 

determining the answer.        (2) 

1.3.3 The density of NaCl is 2.17 g/cm3. What is the mass of this smallest repeating 

unit (“unit cell”)?         (2) 

1.3.4 Each repeating unit is composed of four NaCl units. What is the mass of one 

NaCl formula unit?         (2) 

 

QUESTION 2                 [10 MARKS] 

2.1 What is key difference between an element and a compound?     (1)  

 

2.2 Identify the mass law that each of the following observations demonstrates, and explain 

your reasoning: 

 

2.2.1 A sample of potassium chloride from Nigeria contains the same percent by mass 

of potassium as one from South Africa.        (1) 

2.2.2 A flashbulb contains magnesium and oxygen before use and magnesium oxide 

afterward, but its mass does not change.      (1) 

2.2.3 Arsenic and oxygen form one compound that is 65.2 mass% arsenic and another 

that is 75.8 mass % arsenic.        (1) 

 

2.3  A chemist finds that 30.82 g of nitrogen will react with 17.60 g, 35.20 g, 70.40 g, or 

88.00g of oxygen, respectively to form four different compounds. Calculate the mass of 

oxygen per gram of nitrogen in each compound and show how these calculations support 

Dalton’s atomic theory?            (6) 
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QUESTION 3                 [9 MARKS] 

3.1 Why do the isotopes of the same element have the same atomic size?    (2) 

 

3.2 Chlorine has two naturally occurring isotopes, 35Cl (isotopic mass = 34.9689 amu) and 
37Cl (isotopic mass = 36.9659 amu). If chlorine has an atomic mass of 35.4527 amu, what 

is the percent abundance of each isotope?         (5) 

 

3.3 An ion has 26 protons, 29 neutrons, and 23 electrons. Write the complete isotopic symbol 

for it including all relevant information.        (2) 

 

 

QUESTION 4                 [9 MARKS] 

4.1 Correct each of the following false statements:    

4.1.1 In the modern periodic table, the elements are arranged in order of increasing 

atomic mass.           (1) 

  

4.1.2 Elements in a period have similar chemical properties.    (1) 

 

4.1.3 Elements can be classified as either metalloids or non-metals.   (1) 

 

4.2 Fill in the blanks: 

4.2.1 The symbol and atomic number of the heaviest alkaline earth metal are 

___________ and ___________.                   (2) 

 

 

4.2.2 The name and atomic number of the lightest metalloid in Group 4A(14) are 

___________ and ___________.                   (2) 

 

 

4.2.3 The symbol and atomic mass of the halogen in Period 4 are _____ and ______.      

            (2) 
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QUESTION 5                  [12 MARKS] 

5.1 Describe the differences between ionic and molecular compounds.  Give an example of 

each.             (3) 

 

 

5.2 Fill in the blanks in the following table:                    

 

Formula Name Mark 

Fe3(PO4)2 1) (1) 

Al2(SO4)3 2) (1) 

3) Ammonium carbonate (1) 

KMnO4 4) (1) 

5) Cobalt(II) nitrite (1) 

 

 

5.3 Write the name from the formula or the formula from the name.     (4) 

5.3.1 HIO4   

5.3.2 Cl2O7   

5.3.3 Barium chloride hexahydrate    

5.3.4 Carbonic acid           

 

 

QUESTION 6                  [13 MARKS] 

6.1.   Saccharin (C7H5NO3S, molar mass = 183.18 g/mol) is more than 300 times sweeter than 

sugar. It was first made in 1987, when it was common practice for chemists to record the 

taste of any new substances they synthesized. 

 

6.1.1  If you ingest 125 mg of saccharin, how many moles of saccharin have you 

ingested?            (1.5) 

 

6.1.2  What mass (mg) of carbon is contained in 125 mg of saccharin?   (2.5) 

 
 

6.2.   The compound is composed of 39.0% O, 46.3 % F and the rest is carbon. The molar mass 

of the compound is 82.01 g/mol.  

 

6.2.1  Determine the empirical formulas of the compound.     (7) 

 

6.2.2  Determine the molecular formulas of the compound.     (2) 
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QUESTION 7               [18 MARKS] 

7.1  The fizz produced when a tablet is dissolved in water is due to the reaction between 

sodium bicarbonate (molar mass: 84.01 g/mol) and citric acid (molar mass: 192.1 g/mol) 

as shown below: 

 

         3NaHCO3(𝑎𝑞) + H3C6H5O7(𝑎𝑞) → 3CO2(𝑔) + 3H2O(𝑙) + Na3C6H5O7(𝑎𝑞)   

 

In a certain experiment 1.00 g of sodium bicarbonate and 1.00 g of citric acid are allowed 

to react. 

 

7.1.1  How many grams of carbon dioxide form if the reaction goes to completion? 

           (7) 

7.1.2  How many grams of the excess reactant remain after the limiting reactant is 

completely consumed?           (5) 

7.1.3  If the actual yield of carbon dioxide is 0.312 g, what is the percentage yield? (2) 

 

 

 

7.2  An experiment in your laboratory requires 500. mL of a 0.0200 M solution of Na2CO3 

(molar mass: 105.99 g/mol). You are given solid Na2CO3, distilled water, and a 500. mL 

volumetric flask. Describe how to prepare the required solution.     (4) 

 

 

QUESTION 8                 [6 MARKS] 

Write balanced equations for each of the following. Indicate the correct phase labels 

(𝑠, 𝑙, 𝑔 𝑜𝑟 𝑎𝑞).    

 

8.1 When aqueous solutions of calcium chloride and sodium phosphate are mixed, solid 

calcium phosphate forms and sodium chloride remains in solution.     (4) 

 

8.2  𝑆𝑂2(𝑔) + 𝑂2(𝑔) → 𝑆𝑂3(𝑔)          (2) 

 

 

 

 

 

 

END OF PAPER 
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PSFT0B1 DATA 

CONSTANTS: NA (Avogadro’s number) = 6.022 × 1023 

 


