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Chemistry Reference Tables Workbook

The Introduction – Overview, The Chart and Additional Information –
In these sections, you will find an explanation of the information given on that Table. 
Read each section carefully to fully understand the information given on that Table.

Set 1 – Questions and Answers –
After careful reading of the Introduction, Set 1 questions will test your understanding of 
that particular table. Do all questions in Set 1, and then correct your work by going to 
the answers for Set 1, which are at the end of the section. The explanation given will help 
you to understand any mistakes you may have made. If not, ask your teacher for help.

Set 2 – Questions –
The answers to these questions are in a separate answer key. Correctly answering these 
questions will show yourself and your teacher that you understand the subject matter for 
that particular Table.  

Authors:
Ron Pasto – Retired Chemistry Teacher

and
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All of us at Topical Review Book Company hope that by gaining a complete understanding of the 
Chemistry Reference Tables will help to increase your knowledge of Chemistry and that your grades 
will improve.
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Reference Tables for Physical Setting/CHEMISTRY 3

Table H
Vapor Pressure of Four Liquids
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 Table H              Vapor Pressure of Four Liquids

Overview:

A liquid is the form of matter that has definite volume but no definite shape. A liquid takes the shape of 
the container it is in. Above the surface of a liquid, there is always found the gaseous form of that liquid, 
called a vapor. The term vapor refers to the gas phase of a substance that is ordinarily a solid or liquid 
at that temperature. This vapor above the surface of a liquid exerts a characteristic pressure called vapor 
pressure.

The Table:

This table shows the vapor pressure, in kPa, of four liquids as a function of temperature. The graph shows 
that propanone has the greatest vapor pressure at any given temperature compared to the other three 
liquids, while ethanoic acid has the lowest vapor pressure at any given temperature compared to the other 
three liquids. 
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To determine the vapor pressure of a liquid at a specific temperature, move directly up from the given 
temperature until you reach the intersection point of the liquid’s vapor pressure curve. Reading  across to 
the vapor pressure axis gives the vapor pressure of that liquid at that temperature. The dotted horizontal 
line labeled 101.3 kPa is standard pressure (see Table A).

Temperature vs. Vapor Pressure
As the temperature increases, the vapor pressure increases. This is due to an increased amount of vapor 
and the greater average kinetic energy of the vapor particles. As the pressure on the surface of a liquid 
increases, the boiling point of the liquid increases. This is caused by the need to reach a higher vapor 
pressure to equal the increased pressure on the surface of the liquid.

Boiling Point and Vapor Pressure
The boiling point of a liquid is the temperature at which the vapor pressure is equal to the atmospheric 
pressure on the surface of the liquid.  Therefore, when a liquid is boiling, the atmospheric pressure on the 
liquid can be read from the vapor pressure axis since they are equal to each other. When the atmospheric 
pressure is equal to standard pressure, the boiling point is called the normal boiling point. Reading from 
the graph at standard pressure (101.3 kPa), the normal boiling points of propanone, ethanol, water and 
ethanoic acid are 56°C, 79°C, 100°C and 117°C, respectively.

Intermolecular Attraction
A higher boiling point for a liquid indicates a greater attraction between the molecules of that liquid. The 
vapor pressure curves on Table H indicate that propanone has the weakest intermolecular attraction and 
ethanoic acid has the greatest intermolecular attraction.

 

Additional Information:

	 •  	 The vapor pressure depends only upon the nature of the liquid and the temperature.  
		  It does not depend upon the amount of liquid.

	 •  	 If a temperature-pressure point lies on one of the vapor pressure curves, the liquid is boiling, 
		  changing from the liquid to the gas phase. If the intersection point of the temperature and 
		  atmospheric pressure (read from the vapor pressure axis) of the substance is to the left of its 
		  vapor pressure curve, that substance is a liquid. If the intersection point lies to the right of 
		  the vapor pressure curve, it is a gas. For example, at 25°C and 150 kPa pressure, propanone 
		  is in the liquid phase.
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1.	 Which substance has the lowest 
	 vapor pressure at 75°C?

	 (1) water 	
	 (2) ethanoic acid 
	 (3) propanone 
	 (4) ethanol		  1______

2.	 According to Reference Table H, what is 
	 the vapor pressure of propanone at 45°C?

	 (1) 22 kPa 	 (3) 70. kPa
	 (2) 33 kPa 	 (4) 98 kPa	 2______

3.	 The boiling point of a liquid is the 
	 temperature at which the vapor pressure 
	 of the liquid is equal to the pressure on 
	 the surface of the liquid. What is the 
	 boiling point of propanone if the pressure
	 on its surface is 48 kilopascals?

	 (1) 25°C 	 (3) 35°C
	 (2) 30.°C 	 (4) 40.°C	 3______

4.	 Jan 08 #40

Set 1 –– Vapor Pressure of Four Liquids

5.	 As the temperature of a liquid 
	 increases, its vapor pressure

	 (1) decreases
	 (2) increases
	 (3) remains the same	 5______

6.	 As the pressure on the surface of a 
	 liquid decreases, the temperature at 
	 which the liquid will boil

	 (1) decreases
	 (2) increases
	 (3) remains the same	 6______

7.	 Using your knowledge of chemistry and 
	 the information in Reference Table H, 
	 which statement concerning propanone 
	 and water at 50°C is true?

	 (1) 	Propanone has a higher vapor 
		  pressure and stronger intermolecular 
		  forces than water.
	 (2) 	Propanone has a higher vapor 
		  pressure and weaker intermolecular 
		  forces than water.
	 (3) 	Propanone has a lower vapor 
		  pressure and stronger intermolecular 
		  forces than water.
	 (4) 	Propanone has a lower vapor 
		  pressure and weaker intermolecular 
		  forces than water.
				    7______

8.	 A liquid boils when the vapor pressure of the liquid equals the atmospheric pressure on the surface 
	 of the liquid. Using Reference Table H, determine the boiling point of water when the atmospheric 		
	 pressure is 90. kPa.

	 ____________________________________
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	 Base your answers to question 9 using your knowledge of chemistry and on the graph below, which 
shows the vapor pressure curves for liquids A and B. Note: The pressure is given in mm Hg – millimeters 
of mercury.

			                   

When cola, a type of soda pop, is manufactured, CO2(g) is dissolved in it.

65 A capped bottle of cola contains CO2(g) under high pressure. When the cap is removed,
how does pressure affect the solubility of the dissolved CO2(g)?     [1]

66 A glass of cold cola is left to stand 5 minutes at room temperature. How does tempera-
ture affect the solubility of the CO2(g)?     [1]

67 a In the space provided in your answer booklet, draw a set of axes and label one of them
“Solubility” and the other “Temperature.”     [1]

b Draw a line to indicate the solubility of CO2(g) versus temperature on the axes drawn
in part a.     [1]

P.S./Chem.–Jan. ’03 [11] [OVER]

Base your answers to questions 68 through 70 on the graph below, which shows the vapor pressure curves
for liquids A and B.

68 What is the vapor pressure of liquid A at 70°C? Your answer must include correct units.
[2]

69 At what temperature does liquid B have the same vapor pressure as liquid A at 70°C?
Your answer must include correct units.      [2]

70 Which liquid will evaporate more rapidly? Explain your answer in terms of intermo-
lecular forces.     [2]
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Base your answers to questions 65 through 67 on the information below.

9. a)	 What is the vapor pressure of liquid A at 70°C? Your answer must include correct units.

	 ___________________________________

	 b)	 At what temperature does liquid B have the same vapor pressure as liquid A at 70°C?
		  Your answer must include correct units. 

	 ___________________________________

	 c)	 At 400 mm Hg, which liquid would reach its boiling point first? __________________________

	 d)	 Which liquid will evaporate more rapidly? Explain your answer in terms of 
		  intermolecular forces. 

	 ___________________________________________________________________________________

	 ___________________________________________________________________________________

	 ___________________________________________________________________________________
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Set 2 –– Vapor Pressure of Four Liquids

10.	June 09 #18

11.	Which liquid has the highest vapor 
	 pressure at 75°C?

	 (1) ethanoic acid 	 (3) propanone
	 (2) ethanol 	 (4) water	 11_____

12.	When the vapor pressure of water is 
	 70 kPa the temperature of the water is

	 (1) 20°C 	 (3) 60°C
	 (2) 40°C 	 (4) 91°C	 12_____

13.	According to Reference Table H, 
	 what is the boiling point of ethanoic 
	 acid at 80 kPa?

	 (1) 28°C 	 (3) 111°C
	 (2) 100°C 	 (4) 125°C	 13_____

14.	The graph below shows the relationship
	 between vapor pressure and temperature 
	 for substance X.
                   

Group 1 — Matter and Energy

If you choose this group, be sure to answer
questions 57–61.

57 A mixture of gases has a total pressure of 2000
torr. The mixture contains 8 moles of nitrogen
gas and 2 moles of oxygen gas. What pressure is
exerted by the oxygen gas molecules?
(1) 200 torr (3) 2000 torr
(2) 400 torr (4) 4000 torr

58 The graph below shows the relationship
between vapor pressure and temperature for
substance X.

What is the normal boiling point for substance X?
(1) 50°C (3) 30°C
(2) 20°C (4) 40°C

59 At 25°C, in which phase of matter do most of the
known elements exist?
(1) solid (3) gas
(2) liquid (4) supercooled liquid

60 Which quantity is equivalent to 50 kilocalories?
(1) 5000 cal (3) 5 ¥ 103 cal
(2) 0.05 cal (4) 5 ¥ 104 cal

61 What is conserved during a chemical reaction?
(1) energy, only
(2) matter, only
(3) both matter and energy
(4) neither matter nor energy

Group 2 — Atomic Structure

If you choose this group, be sure to answer
questions 62–66.

62 What is the total number of occupied sublevels
in the third principal energy level of a zinc atom
in the ground state?
(1) 1 (3) 3
(2) 2 (4) 4

63 How much energy is required to remove the
most loosely bound electron from a neutral atom
of carbon in the gaseous phase?
(1) 363 kcal/mol (3) 191 kcal/mol
(2) 260 kcal/mol (4) 141 kcal/mol

64 Which electron configuration represents an
atom of lithium in an excited state?
(1) 1s12s1 (3) 1s22s1

(2) 1s12s2 (4) 1s22s2

65 Which species contains only 12 nucleons in the
nucleus?

(1) 12
6C (3) 24

12Mg

(2) 52
24Cr (4) 23

11Na

66 What is the total number of orbitals containing
only one electron in an atom of nitrogen in the
ground state?
(1) 1 (3) 3
(2) 2 (4) 4
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Chem.–Aug. ’01 [7] [OVER]

Part II

This part consists of twelve groups, each containing five questions. Each group tests a major area of
the course. Choose seven of these twelve groups. Be sure that you answer all five questions in each group
chosen. Record the answers to these questions on the separate answer sheet in accordance with the direc-
tions on the front page of this booklet. [35]

 
 
 
 
   
 		          
	 What is the normal boiling point for 
	 substance X?

	 (1) 50°C 	 (3) 30°C
	 (2) 20°C 	 (4) 40°C	 14_____

15.	The table below shows the normal 
	 boiling point of four compounds.
 

                 

31 Compared to the nonmetals in Period 2, the
metals in Period 2 generally have larger
(1) ionization energies
(2) electronegativities
(3) atomic radii
(4) atomic numbers

32 Which of the following Group 2 elements has
the lowest first ionization energy?
(1) Be (3) Ca
(2) Mg (4) Ba

33 The table below shows the normal boiling point
of four compounds.

Which compound has the strongest intermolecu-
lar forces?

(1) HF(�) (3) CH3F(�)
(2) CH3Cl(�) (4) HCl(�)

34 According to Table I, which salt releases energy
as it dissolves?
(1) KNO3 (3) NH4NO3
(2) LiBr (4) NaCl

35 During a laboratory activity, a student combined
two solutions. In the laboratory report, the stu-
dent wrote “A yellow color appeared.” The
statement represents the student’s recorded
(1) conclusion (3) hypothesis
(2) observation (4) inference

36 How many moles of solute are contained in 
200 milliliters of a 1 M solution?
(1) 1 (3) 0.8
(2) 0.2 (4) 200

37 Increasing the temperature increases the rate of
a reaction by
(1) lowering the activation energy
(2) increasing the activation energy
(3) lowering the frequency of effective collisions

between reacting molecules
(4) increasing the frequency of effective collisions

between reacting molecules

38 Given the equilibrium reaction in a closed system: 
H2(g) + I2(g) + heat       2 HI(g)

What will be the result of an increase in tem-
perature?

(1) The equilibrium will shift to the left and [H2]
will increase. 

(2) The equilibrium will shift to the left and [H2]
will decrease.

(3) The equilibrium will shift to the right and
[HI] will increase.

(4) The equilibrium will shift to the right and
[HI] will decrease.

39 Which sample has the lowest entropy?
(1) 1 mole of KNO3(�) (3) 1 mole of H2O(�)
(2) 1 mole of KNO3(s) (4) 1 mole of H2O(g)

40 Which of the following compounds is least solu-
ble in water?
(1) copper (II) chloride
(2) aluminum acetate
(3) iron (III) hydroxide
(4) potassium sulfate

Part B–1

Answer all questions in this part.

Directions (31–50): For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Reference Tables for Physical Setting/Chemistry.

P.S./Chem.–Aug. ’02 [5] [OVER]

Compound
Normal

Boiling Point (°C)

HF(�) 19.4

CH3Cl(�) –24.2

CH3F(�) –78.6

HCl(�) –83.7

	 Which compound has the strongest 
	 intermolecular forces?

	 (1) HF(l )  	 (3) CH3F(l )
	 (2) CH3Cl(l ) 	 (4) HCl(l ) 	 15_____

16.	Based on Reference Table H, which 
	 subtance has the weakest 
	 intermolecular forces?

	 (1) ethanoic acid
	 (2) ethanol
	 (3) propanone
	 (4) water		  16_____

17.	The graph below represents the vapor 
	 pressure curves of four liquids.

              
	 Which liquid has the highest boiling point
	 at 600 mm Hg?

	 (1) A 	 (3) C
	 (2) B 	 (4) D	 17_____
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18.	A liquid’s boiling point is the temperature at which its vapor pressure is equal to the atmospheric 
	 pressure. Using Reference Table H, what is the boiling point of propanone at an atmospheric 
	 pressure of 70 kPa?

	 ___________________________

19.	Explain, in terms of molecular energy, why the vapor pressure of propanone increases when its 
	 temperature increases.

	 ___________________________________________________________________________________

	 ___________________________________________________________________________________

	 ___________________________________________________________________________________

20.	A sample of ethanoic acid is at 85°C. At a pressure of 50 kPa, what 
	 increase in temperature is needed to reach the boiling point of ethanoic acid? ___________

21.	Based on Reference Table H, which substance has the:

       	 strongest intermolecular forces __________________________

       	 weakest intermolecular forces ___________________________

22.	At 70 kPa, determine the boiling point of: 

  		  propanone _ ________________ °C

  		  ethanol ____________________ °C

 		  water _ ____________________ °C

		  ethanoic acid _______________ °C
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Table H – Vapor Pressure
 Answers

Set 1

1. 	 2	 On Table H, locate the 75°C line. As one moves upward the first line intersected is ethanoic acid.  
		  This would have the lowest vapor pressure at this temperature, around 23 kPa.

2.	 3  	 On Table H, go to the 45°C temperature line. Follow this line up until it intersects the 
		  propanone vapor pressure curve. The vapor pressure is 70 kPa. 

3.	 3   The vapor pressure line of 48 kPa intersects the propanone vapor pressure curve at a temperature 
		  of 35°C. This intersection point represents the boiling point of propanone at this pressure.

4.
  
5.	 2   	Above the surface of a liquid, some vapor will always be found. As the temperature of the liquid 
		  increases, more of that liquid will turn to vapor. At the higher temperature, the vapor particles 
		  will possess more kinetic energy and therefore cause an increase in pressure of the vapor.

6. 	 1	 A liquid boils when the vapor pressure of the liquid equals the atmospheric pressure on the 
		  surface of the liquid. As the temperature of the liquid increases, the vapor pressure increases.  
		  If the pressure on the surface of a liquid decreases, the temperature of the liquid at which the 
		  vapor pressure will equal the atmospheric pressure will be lower. Therefore, the liquid will boil 
		  at a lower or decreased temperature.

7.	 2	 Open to Table H and notice that propanone has a higher vapor pressure (84 kPa) than water 
		  (12 kPa) at 50°C. The higher vapor pressure of propanone at this temperature indicates that 
		  the intermolecular forces between its molecules are weaker than that of water, allowing the 
		  molecules to escape more readily to the vapor phase.

8.		  Answer: 95°C    or    96°C     or    97°C 

		  Explanation: Locate the 90 kPa line on the Vapor Pressure graph. Move directly over to the right 
		  until it intersects the water vapor pressure curve. Reading down to the temperature line gives its 
		  boiling point temperature at this pressure.
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9.	 a)  	Answer: 700 mm  

		  Explanation: Find the 70°C value on the temperature axis of the graph and read directly up until 
		  the line intersects the vapor pressure curve of liquid A. Now go directly to the left to the vapor 
		  pressure axis and read the vapor pressure of liquid A at 70°C, which is 700 mm.
 
	 b) 	 Answer:  114°C  ± 2°C   

           	Explanation: On the pressure axis, find the 700 mm value. Read directly to the right until this 
		  line intersects the vapor pressure curve of liquid B. Now read directly down to the temperature 
		  axis. The temperature value is 114°C.

	 c)	 Answer:  liquid A    

 		  Explanation: Locate the 400 mm pressure value line. Move directly to the right from this value 
		  until it intersects the first line (liquid A). At this intersection point, liquid A is at its boiling point 
		  for this pressure. 

 	 d)	 Answer:  liquid A     

		  Explanation:  At any given temperature, the vapor pressure of liquid A is greater than that of 
		  liquid B. This indicates that there are more vapor particles of liquid A above its surface than 
		  vapor particles of liquid B above its surface. One can then conclude that liquid A evaporates 
		  more readily than liquid B and therefore the intermolecular forces between molecules of A are 
		  less than those between molecules of B.
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Name General Examples
Formula Name Structural Formula

alkanes CnH2n+2 ethane

alkenes CnH2n ethene

alkynes CnH2n–2 ethyne

6 Reference Tables for Physical Setting/CHEMISTRY

Table O
Symbols Used in Nuclear Chemistry

Table P
Organic Prefixes

Table Q
Homologous Series of Hydrocarbons

Name Notation Symbol

alpha particle 4
2He  or  42

beta particle (electron) 0
–1e  or  0–1

–

gamma radiation 0
0

neutron 1
0n n

proton 1
1H  or  11p p

positron 0
+1e  or  0+1

+

Prefix Number of 
Carbon Atoms

meth- 1

eth- 2

prop- 3

but- 4

pent- 5

hex- 6

hept- 7

oct- 8

non- 9

dec- 10

H

H H

H

H H

C C

C C HH

H

C C

HH

H

n = number of carbon atoms

  Table O          Symbols Used in Nuclear Chemistry

Overview:

Radioactive elements emit particles and/or energy from their nuclei. These nuclear particles or energy 
have different effects on the nuclei of these elements. This radioactive decay process can be represented 
by nuclear equations, showing the identity of the reactants, products and the radiation released. In these 
equations, both charge and mass must be conserved.  To balance a nuclear equation, the sum of the atomic 
or charge numbers on each side must be equal, and the sum of the mass numbers on each side must be 
equal.

The Table:

This table gives the Name, Notation (used in writing nuclear equations) and Symbol of the common types 
of radiation. 
	 Going down this chart in order: 
 	 -  	The alpha particle (a) is a helium nucleus and is therefore positively charged. 
	 -  	The beta particle (β–) is an ordinary electron and is therefore negatively charged.
 	 -  	Gamma radiation (g), is the emission of pure energy from the nucleus - it carries no 
		  charge or mass.
 	 -  	The neutron (n) is a neutral particle of unit mass found in the nucleus of atoms.  
 	 -  	The proton (p) is a hydrogen nucleus, a positive particle of unit mass found in the nucleus 
		  of atoms. 
	 -  	The positron (β+) is a positive electron. 

As shown in the Notation section, the mass number is the number at the upper left and the atomic number 
is the number at the lower left. When a particle is emitted, conservation of these numbers must take place 
with the reactants and products. If the emission of the particle affects the atomic number, the identity of 
the element changes. The specifics of these changes are given on the next page.   
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Additional Information:  

	 Going down the chart in order:
	 •  	 During alpha decay or emission, the atomic number decreases by 2 and the mass number   
   		  decreases by 4. Example: 88

226
86

222
2
4Ra Rn He→ +

	 •  	 During negative beta decay or emission, the atomic number increases by 1 and the mass
    		  number remains the same. Example:  92

235
93

235U + Np + e→ −1
0

	 •  	 During gamma emission, both the atomic number and mass number remain the same.
    		  Example:  92

239
92

239U + U +→ 0
0g

	 •  	 During neutron emission, the atomic number remains the same and the mass number   
   		  decreases by 1.  Example:  88

226
88

225
0
1Ra U n→ +

	 •  	 During proton emission, both the atomic number and mass number decrease by 1.
    		  Example:  27

53
26
52

1
1Co Fe H→ +

	 •  	 During positron emission, also known as positive beta emission, the atomic number   
   		  decreases by 1 and the mass number remains the same.  Example:  29

58
28
58

1
0Cu Ni e→ + +    

	 •  	 In natural transmutation, the identity of a nucleus or element changes due to a change in the 
    		  number of protons (atomic number) in the nucleus.  Example:  94

239
92

235
2
4Pu U He→ +

	 •  	 Artificial transmutation occurs when a stable (nonradioactive) nucleus is bombarded with
    		  particles, causing it to become radioactive.  Example:  4

9
2
4

0
1Be + He C + n→ 6

12

	 •  	 Nuclear fusion is the combining of lightweight nuclei to produce a heavier nucleus. This 
   		  usually involves hydrogen nuclei combining to produce a helium nucleus. This is the source
   		  of solar energy.   Example:  1

2
1
2

2
4H H He+ → + energy

	 •  	 Nuclear fission is the splitting of a heavier nucleus into lighter weight nuclei.  U-235 and 
    		  Pu-239 are the most common elements to under go fission.  This is the source of the energy 
    		  produced in nuclear reactors.   Example:   92

235
0
1

54
144

38
90

0
12U n Xe Sr n energy+ → + + = + energy

          
	 •  	 Nuclear reactions release large amounts of energy due to the conversion of some mass into 
   		  energy according to Einstein’s equation, E = mc2.

	 •  	 Alpha radiation, being the largest particle, has the weakest penetrating power.

	 •  	 Gamma radiation, being massless and neutral, has the greatest penetrating power.



Symbols Used in Nuclear ChemistryPage 80 Copyright © 2011
Topical Review Book Company

Set 1 –– Symbols Used in Nuclear Chemistry

1.	 In the reaction 93
239 Np Pu +→ 94

239 X , 
	 what does X represent?

	 (1) a neutron
	 (2) a proton 
	 (3) an alpha particle 
	 (4) a beta particle	 1______

2.	 Positrons are spontaneously emitted from 
	 the nuclei of	
	 (1) potassium-37
	 (2) radium-226 
	 (3) nitrogen-16 
	 (4) thorium-232	 2______

3.	 Given the nuclear equation:
	                 10

19
9

19Ne F→ +X
	
	 Which particle is represented by X?

	 (1) alpha
	 (2) beta 
	 (3) neutron 
	 (4) positron		  3______

4.	 Which list of radioisotopes contains 
	 an alpha emitter, a beta emitter, and 
	 a positron emitter?

	 (1) C-14, N-16, P-32
	 (2) Cs-137, Fr-220, Tc-99
	 (3) Kr-85, Ne-19, Rn-222
	 (4) Pu-239, Th-232, U-238	 4______

5.	 Which product of nuclear decay 
	 has mass but no charge?

	 (1) alpha particles
	 (2) neutrons 
	 (3) gamma rays 	
	 (4) beta positrons	 5______

6.	 Which type of radioactive emission 
	 has a positive charge and weak 
	 penetrating power?

	 (1) alpha particle
	 (2) beta particle 
	 (3) gamma ray 
	 (4) neutron		  6______

7.	 Which of these types of radiation has 
	 the greatest penetrating power?

	 (1) alpha 	 (3) gamma
	 (2) beta 	 (4) positron	 7______

8.	 Which reaction is an example of 
	 natural transmutation?

	 (1) 94
239

92
235

2
4Pu U He→ +  

	 (2) 13
27

2
4

15
30

0
1Al He P n+ → +  

	 (3) 92
238

0
1

94
239

-1
0U n Pu 2 e+ → +  

	 (4) 94
239

0
1

56
147

0
1Pu n Ba Sr 3 n+ → + +38

90

				    8______
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9.	 The change that is undergone by an 
	 atom of an element made radioactive 
	 by bombardment with high-energy 
	 protons is called

	 (1) natural transmutation
	 (2) artificial transmutation
	 (3) natural decay
	 (4) radioactive decay	 9______

10.	One benefit of nuclear fission reactions is

	 (1) nuclear reactor meltdowns
	 (2) storage of waste materials
	 (3) biological exposure
	 (4) production of energy	 10_____

11.	In a nuclear fusion reaction, the 
	 mass of the products is

	 (1) 	less than the mass of the reactants 
		  because some of the mass has been 
		  converted to energy
	 (2) 	less than the mass of the reactants 
		  because some of the energy has 
		  been converted to mass
	 (3) 	more than the mass of the reactants 
		  because some of the mass has been 
		  converted to energy
	 (4) 	more than the mass of the reactants 
		  because some of the energy has 
		  been converted to mass	 11_____

12.	Given the nuclear equation:  92
235

0
1

56
142

36
91

0
1U n Ba Kr 3 n energy+ → + + +

	 a) 	 State the type of nuclear reaction represented by the equation. ___________________________

	 b) 	 The sum of the masses of the products is slightly less than the sum of the masses of the reactants. 
		  Explain this loss of mass. 

	 ___________________________________________________________________________________

	 ___________________________________________________________________________________

	 c) 	 This process releases greater energy than an ordinary chemical reaction does. Name another type 
		  of nuclear reaction that releases greater energy than an ordinary chemical reaction.

	 ___________________________________________________________________________________

13.	Using Reference Table N, complete the equation below for the nuclear decay of 88
226Ra . 

	 Include both atomic number and mass number for each particle.

	

76

77

78

79

80 X Y Z

81

82

83 226
88Ra → +

84

85 y

For Raters 
Only

76

77

78

79

80

81

82

83

84

85

[6]

Total Score 
for Part C
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Set 2 –– Symbols Used in Nuclear Chemistry

14.	Given the nuclear equation:
		          7

14
8

16
1
2N O H+ → +X

	 What is particle X?

	 (1) an alpha particle
	 (2) a beta particle 
	 (3) a deuteron 
	 (4) a triton		  14_____

15.	In the reaction 4
9

3
6

2
4Be Li He+ → +X , 

	 the X represents
	 (1) +1

0e  
	 (2)1

1H  
	 (3) -1

0e  
	 (4) 0

1n 		  15_____

16.	Given the nuclear reaction:
		           16

32S + n H +0
1

1
1→ X

	 What does X represent in this reaction?

	 (1) 15
31P

	 (2) 15
32P

	 (3)16
31S  

	 (4) 16
32S 		  16_____

17.	Given the nuclear equation:
		            99

253Es + n + MdX → 0
1

101
256

	 Which particle is represented by X?
	 (1) 2

4He  
	 (2) -1

0e
	 (3) 0

1n  
 	 (4) +1

0e  		  17_____

18.	Given the equation: 93
239 Np Pu +→ 94

239 X

	 When the equation is balanced correctly, 
	 which particle is represented by X?

	 (1) -1
0e

	 (2) 1
1H

	 (3) 1
2H

	 (4) 0
1n 		  18_____

19.	Which of these particles has the 
	 greatest mass?	
	 (1) alpha 	 (3) neutron
	 (2) beta 	 (4) positron	 19_____

20.	Types of nuclear reactions include 
	 fission, fusion, and	
	 (1) single replacement
	 (2) neutralization
	 (3) oxidation-reduction
	 (4) transmutation	 20_____

21.	Nuclear fusion differs from nuclear 
	 fission because nuclear fusion reactions	
	 (1) 	form heavier isotopes from 
		  lighter isotopes
	 (2) 	form lighter isotopes from 
		  heavier isotopes
	 (3) 	convert mass to energy
	 (4) 	convert energy to mass	 21_____
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22.	Which equation is an example of 
	 artificial transmutation?

	 (1) 4
9

2
4

6
12

0
1Be He C n+ → + 	

	 (2) U + 3 F2 → UF6
	 (3) Mg(OH)2 + 2 HCl → 2 H2O + MgCl2
	 (4) Ca + 2 H2O → Ca(OH)2 + H2	
				    22_____

23.	Which equation represents a 
	 fusion reaction?

	 (1) 1
2

1
2H + H He→ 2

4

	 (2) 6
14

-1
0C e N→ + 7

14

	 (3) 92
238

2
4

0
1U e PuH n+ → +94

241

	 (4) 0
1

13
27

2
4n Al HeNa+ → +11

24  	 23_____

24.	Which list of nuclear emissions is arranged in order from the least penetrating power to 
	 the greatest penetrating power?	
	 (1) alpha particle, beta particle, gamma ray	 (3) gamma ray, beta particle, alpha particle
	 (2) alpha particle, gamma ray, beta particle	 (4) beta particle, alpha particle, gamma ray       24____

25.	Complete the equation below for the radioactive decay of 55
137Cs . Include both atomic number 

	 and mass number for each particle.

                                                        55
137Cs → ––––––– + –––––––

26.	Complete the nuclear equation below for the decay of K-42. Your response must include the atomic 
	 number, the mass number, and the symbol of the missing particle.

19
42

1
0K e→ +− ___________

27.	Complete the nuclear equation below for the decay of C-14. Your response must include the atomic 
	 number, the mass number, and the symbol of the missing particle.

                                                               6
14

1
0C e→ +− ––––––––––
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Table O – Symbols Used in Nuclear Chemistry
Answers

Set 1

1.  	4  	 In a nuclear reaction, the sum of the atomic numbers on each side must be equal and the sum of 
		  the mass numbers on each side must be equal. Particle X therefore must have a charge number 
		  of –1 and a mass number of 0. From Table O, this must be a beta particle. Np, element 93, is a 
		  man-made radioactive element that changes to Pu, element 94, by releasing a beta particle.     

2. 	 1	 Table O shows that a positron, also known as a positive beta particle, has the symbol β+.  
		  Open to Table N and locate K-37. Under Decay Mode, it shows that this element undergoes  
		  positron emission. During positron emission, the atomic number decreases by 1 and the mass 
		  number remains the same

3. 	 4  	 To balance the nuclear equation, particle X must have a +1 charge and zero mass. Using the 
		  notation column in Table O, a positron has a +1 charge and 0 mass. During positron emission,  
		  the atomic number decreases by 1 and the mass number remains the same.  

4.  3    Table O gives the particles and their notations referred to in this question. Using Table N, find the 
		  radioisotopes given in choice 3. The Decay Mode shows that choice 3 contains an alpha emitter, 
		  a beta emitter and a positron emitter.
	
5.  2	 Looking at Table O, the neutron has the symbol 0

1n , indicating it has an atomic mass of 1 and 
		  carries no charge.

6. 	 1	 The first particle shown in Table O is the alpha particle. This particle is a helium nucleus, 
		  consisting of 2 protons and 2 neutrons. This makes this particle positive in charge. The alpha 
		  particle is the largest particle that is emitted in radioactive decay. Being the largest particle, it 
		  would have the weakest penetrating power, giving up more energy with each particle it collides 
		  with.

7.  3  	 In the notation column of Table O, it shows that gamma radiation has no charge or mass. A 
		  massless, neutral particle can easily pass through matter without interacting with it. This makes 
		  the gamma radiation the most penetrating of the given choices.

8.  	1	 In natural radioactivity, also called natural transmutation, a radioactive element will undergo 
		  a spontaneous decay process involving the nucleus. An example of this decay is radioactive 
		  Pu-239 changing to U-235 by alpha emission. Choices 2 and 3 show artificial transmutation 
		  (see explanation for answer no. 9). Choice 4 shows the fission of a Pu-239 nucleus. 
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9.  2	 In artificial transmutation, the nucleus of a non-radioactive element is bombarded with high 
		  energy particles, such as alpha particles, protons or neutrons. The end product of artificial 
		  transmutation is the formation of new radioactive elements.

10.	4   When nuclear fission occurs, a very large amount of energy is released. Under controlled 
		  conditions, this energy can safely be harnessed, changed to electrical energy and distributed 
		  to benefit mankind. 

11.	1	 In any nuclear reaction, the mass of the products is less than the mass of the reactants. This 
		  difference in mass is converted into a large amount of energy according to Einstein’s 
		  equation, E = mc2.

12.	a)  	Answer:  nuclear fission

         	 Explanation: A neutron is captured by the nucleus of a uranium atom. This causes uranium to 
		  undergo nuclear fission, producing two lighter elements, while giving off subatomic particles 
		  and energy. 

	 b) 	 Answer: Mass has been converted into energy.

         	 Explanation: In any nuclear reaction, the mass of the products is less than the mass of the 
		  reactants. This difference in mass is converted into a large amount of energy according to 
		  Einstein’s equation, E = mc2.

	 c) 	 Answer: Nuclear fusion   or   natural transmutation   or   radioactive decay   or   nuclear decay   
		  Explanation: In a nuclear fusion reaction, lighter nuclei combine or unite to form a heavier 
		  nucleus. As in any nuclear reaction, the mass of the products is less than the mass of the 
		  reactants. This difference in mass has been converted into energy.

13. 	 Answer: 88
226

2
4

86
222

88
226

86
222

2
4Ra He Rn Ra Rn→ + → +or a

		  Explanation: Locate Ra-226 in Table N. It shows that this element undergoes alpha emission. 
		  Table O shows the notation of an alpha particle. The above equations show that atomic number 
		  and mass number are conserved.  
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  Table T                                  Titration

Overview:

Titration is a process used to determine the concentration (molarity) of an acid or base by slowly 
combining it with a base or acid, respectively, of known concentration, called a standard.  

Example:

What volume of  0.250 M HCl(aq) must completely react to neutralize 50.0 milliliters 
of 0.100 M NaOH(aq)?

	 Solution: MA = 0.250 M HCl(aq), VA = unknown, MB = 50.0M NaOH(aq) and VB = 50.0 mL.

	 Substitution: (0.250 M)(VA) = (0.100 M)(50.0 mL)

	 Answer: VA = 20.0 mL

Additional Information:

	 •	 An indicator can be used to determine the end point in an acid-base titration. 
		  At the end point, the resulting solution is not necessarily neutral (pH = 7). 
		  It depends on the strength of the acid and base.

	 •	 The net ionic equation for a neutralization reaction is H+(aq) + OH–(aq) → H2O(l ).

	 •	 If the number of H+ in the acid formula and the number of OH– in the base formula are the same, 
		  the calculated concentration of the acid or base is the correct concentration.

	 •	 When calculating the concentration of an acid, if the acid has 2 H+ and the base has 1 OH–, 
		  divide the calculated concentration by 2 to obtain the correct concentration of the acid, 
		  See Set 1, question 4.

	 •	 When calculating the concentration of a base, if the base has 2 OH– and the acid has 1 H+, divide 
		  the calculated concentration by 2 to obtain the correct concentration of the base.

12 Reference Tables for Physical Setting/CHEMISTRY

Table T
Important Formulas and Equations

DET 609  (8-03–350,000)
93-93703  93-041 CDC

d = density
Density d = m = mass

V = volume

Mole Calculations number of moles = 

Percent Error % error = × 100

Percent Composition % composition by mass = × 100

parts per million = × 1000000

Concentration

molarity =

P = pressure
Combined Gas Law = V = volume

T = temperature (K)

MA = molarity of H+ MB = molarity of OH–

Titration MAVA = MBVB VA = volume of acid VB = volume of base

q = mC T q = heat Hf = heat of fusion
Heat q = mHf m = mass Hv = heat of vaporization

q = mHv C = specific heat capacity 
T = change in temperature

Temperature K = °C + 273 K = kelvin
°C = degrees Celsius

fraction remaining = ( ) t = total time elapsed
Radioactive Decay T= half-life

number of half-life periods = t
T

t
T1

2

P2V2
T2

P1V1
T1

moles of solute
liters of solution

grams of solute
grams of solution

mass of part
mass of whole

measured value – accepted value
accepted value

given mass (g)
gram-formula mass

m
V
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1.	 The diagram represents 
	 a section of a buret 
	 containing acid used in 
	 an acid-base titration.
	 What is the total volume 
	 of acid that was used?

	 (1) 1.10 mL
	 (2) 1.30 mL 
	 (3) 1.40 mL 
	 (4) 1.45 mL

				    1______

2.	 If 5.0 milliliters of a 0.20 M HCl solution is 
	 required to neutralize exactly 10. milliliters of 
	 NaOH, what is the concentration of the base?

	 (1) 0.10 M 	 (3) 0.30 M
	 (2) 0.20 M 	 (4) 0.40 M	 2______

Set 1 –– Titration

3.	 What volume of 0.500 M HNO3(aq) 
	 must completely react to neutralize 
	 100.0 milliliters of 0.100 M KOH(aq)?

	 (1) 10.0 mL 	 (3) 50.0 mL
	 (2) 20.0 mL 	 (4) 500. mL	 3______

4.	 Information related to a titration experiment is 
	 given in the balanced equation and table below.

H2SO4(aq) + 2KOH(aq) → K2SO4(aq) + 2H2O(l)

	 Based on the equation and the titration 
	 results, what is the concentration of the 
	 H2SO4(aq)?

	 (1) 0.12 M 	 (3) 0.24 M
	 (2) 0.16 M 	 (4) 0.96 M	 4______

5.	 Samples of acid rain are brought to a laboratory for analysis. Several titrations are performed and 
	 it is determined that a 20.0-milliliter sample of acid rain is neutralized with 6.50 milliliters of 
	 0.010 M NaOH. What is the molarity of the H+ ions in the acid rain?	

	

	 Base your answers to question 6 using the information below and your knowledge of chemistry.

		  A student titrates 60.0 mL of HNO3(aq) with 0.30 M NaOH(aq). Phenolphthalein is used as 
	 the indicator. After adding 42.2 mL of NaOH(aq), a color change remains for 25 seconds, and the 
	 student stops the titration.

6.	 a)	 What color change does phenolphthalein undergo during this titration? ____________________

	 b)	 Show a correct numerical setup for calculating the molarity of the HNO3(aq).

Group 12 — Laboratory Activities

If you choose this group, be sure to answer questions 112–116.

112 If a student pours a mixture of sand and salt
water through a filter paper into a beaker, what
will be found in the beaker after filtering?
(1) salt, only (3) salt and water
(2) sand, only (4) salt and sand

113 The table below shows the data collected during
the heating of a 10.0-gram sample of a hydrated
salt.

Heating Time Mass of Salt
(min)                  (g)
0.0 10.0
4.0 9.2
8.0 8.6

12.0 8.0
20.0 8.0
30.0 8.0

What is the percent of water in the original
sample?
(1) 10.% (3) 60.%
(2) 20.% (4) 80.%

114 A student observed that when sodium hydroxide
was dissolved in water, the temperature of the
water increased. The student should conclude
that the dissolving of sodium hydroxide
(1) is endothermic
(2) is exothermic
(3) produces an acid solution
(4) produces a salt solution

115 The diagram below represents a section of a
buret containing acid used in an acid-base titra-
tion.

What is the total volume of acid that was used?
(1) 1.10 mL (3) 1.40 mL
(2) 1.30 mL (4) 1.45 mL

116 Which technique is safest for diluting a concen-
trated acid with water?
(1) add the acid to the water quickly
(2) add the water to the acid quickly
(3) add the acid to the water slowly while stirring

constantly
(4) add the water to the acid slowly while stirring

constantly

14 mL

15 mL

16 mL

Initial
level

Final
level

Chem.–Aug. ’00 [14]

40 An atom in the ground state contains a total of
5 electrons, 5 protons, and 5 neutrons. Which
Lewis electron-dot diagram represents this
atom?

41 At STP, fluorine is a gas and bromine is a liquid
because, compared to fluorine, bromine has
(1) stronger covalent bonds
(2) stronger intermolecular forces
(3) weaker covalent bonds
(4) weaker intermolecular forces

42 The boiling point of a liquid is the temperature
at which the vapor pressure of the liquid is equal
to the pressure on the surface of the liquid.
What is the boiling point of propanone if the
pressure on its surface is 48 kilopascals?
(1) 25°C (3) 35°C
(2) 30.°C (4) 40.°C

43 At which Celsius temperature does lead change
from a solid to a liquid?
(1) 874°C (3) 328°C
(2) 601°C (4) 0°C

44 Given the equation representing a reaction at
equilibrium:

N2(g) + 3H2(g) 2NH3(g) + energy

Which change causes the equilibrium to shift to
the right?

(1) decreasing the concentration of H2(g)
(2) decreasing the pressure
(3) increasing the concentration of N2(g)
(4) increasing the temperature

45 Which compound is an unsaturated hydrocarbon?
(1) hexanal (3) hexanoic acid
(2) hexane (4) hexyne

46 The organic compound represented by the
condensed structural formula CH3CH2CH2CHO
is classified as an
(1) alcohol (3) ester
(2) aldehyde (4) ether

47 Given the balanced ionic equation representing
a reaction:

2Al3+(aq) + 3Mg(s)→ 3Mg2+(aq) + 2Al(s)

In this reaction, electrons are transferred from

(1) Al to Mg2+ (3) Mg to Al3+

(2) Al3+ to Mg (4) Mg2+ to Al

48 Which two formulas represent Arrhenius acids?
(1) CH3COOH and CH3CH2OH

(2) HC2H3O2 and H3PO4
(3) KHCO3 and KHSO4
(4) NaSCN and Na2S2O3

49 Information related to a titration experiment is
given in the balanced equation and table below.

H2SO4(aq) + 2KOH(aq)→ K2SO4(aq) + 2H2O(�)

Titration Experiment Results

Based on the equation and the titration results,
what is the concentration of the H2SO4(aq)?
(1) 0.12 M (3) 0.24 M
(2) 0.16 M (4) 0.96 M

50 Which radioisotope is used in medicine to treat
thyroid disorders?
(1) cobalt-60 (3) phosphorus-32
(2) iodine-131 (4) uranium-238

P.S./Chem.–June ’07 [6]

volume of H2SO4(aq) used 12.0 mL

concentration of H2SO4(aq) ?

volume of KOH(aq) used 36.0 mL

concentration of KOH(aq) 0.16 M

( 1 )

X

( 4 )

X

( 3 )

X

( 2 )

X
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7.	 A student recorded the following buret readings during a titration of a base with an acid:

	 a) 	 Calculate the molarity of the KOH. Show all work. 

	 b) 	 Record your answer to the correct number of significant figures. __________________________

	 Base your answers to question 8 using the information below and your knowledge of chemistry.

		  In a titration, 3.00 M NaOH(aq) was added to an Erlenmeyer flask containing 25.00 milliliters 
	 of HCl(aq) and three drops of phenolphthalein until one drop of the NaOH(aq) turned the solution 
	 a light-pink color. The following data were collected by a student performing this titration:

Initial NaOH(aq) buret reading: 14.45 milliliters
Final NaOH(aq) buret reading: 32.66 milliliters

8.	 a)	 What is the total volume of NaOH(aq) that was used in this titration? ______________________

	 b)	 Show a correct numerical setup for calculating the molarity of the HCl(aq). 

	 c)	 Based on the data given, what is the correct number of significant 
		  figures that should be shown in the molarity of the HCl(aq)? ____________________

P.S./Chem.–June ’03 [9] [OVER]

Part C

Answer all questions in this part.

Directions (64–79):  Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Reference Tables for Physical Setting/Chemistry.

Base your answers to questions 64 and 65 on the diagram below, which shows a piston confining a gas in a
cylinder.

64 Using the set of axes provided in your answer booklet, sketch the general relationship
between the pressure and the volume of an ideal gas at constant temperature.   [1]

65 The gas volume in the cylinder is 6.2 milliliters and its pressure is 1.4 atmospheres.  The
piston is then pushed in until the gas volume is 3.1 milliliters while the temperature
remains constant. 

a In the space provided in your answer booklet, calculate the pressure, in atmospheres,
after the change in volume. Show all work.   [1]

b Record your answer.    [1]

66 A student recorded the following buret readings during a titration of a base with an acid:

a In the space provided in your answer booklet, calculate the molarity of the KOH.
Show all work.   [1]

b Record your answer to the correct number of significant figures.    [1]

67 John Dalton was an English scientist who proposed that atoms were hard, indivisible
spheres. In the modern model, the atom has a different internal structure.

a Identify one experiment that led scientists to develop the modern model of the atom.   [1]
b Describe this experiment.    [1]
c State one conclusion about the internal structure of the atom, based on this experi-

ment.    [1]

Standard 0.100 M HCl Unknown KOH

Initial reading 9.08 mL 0.55 mL

Final reading 19.09 mL 5.56 mL
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9.	 Which process uses a volume of solution 
	 of known concentration to determine the 
	 concentration of another solution?

	 (1) distillation
	 (2) substitution 
	 (3) transmutation 
	 (4) titration		  9______

10.	If 5.0 milliliters of a 0.20 M HCl solution is 
	 required to neutralize exactly 10. milliliters 
	 of NaOH, what is the concentration of the 
	 base?

	 (1) 0.10 M 	 (3) 0.30 M
	 (2) 0.20 M 	 (4) 0.40 M	 10_____

11.	How many milliliters of 0.20 M KOH 
	 are needed to completely neutralize 
	 90.0 milliliters of 0.10 M HCl?

	 (1) 25 mL 	 (3) 90. mL
	 (2) 45 mL 	 (4) 180 mL	 11_____

12.	When 50. milliliters of an HNO3 solution 
	 is exactly neutralized by 150 milliliters 
	 of a 0.50 M solution of KOH, what is the 
	 concentration of HNO3?

	 (1) 1.0 M 	 (3) 3.0 M
	 (2) 1.5 M 	 (4) 0.5 M	 12_____

Set 2 –– Titration

P.S./Chem.–Aug. ’06 [12]

Base your answers to questions 72 through 75 on the information below.

The graph below shows a compound being cooled at a constant rate starting in the
liquid phase at 75°C and ending at 15°C.

72 What is the freezing point of the compound, in degrees Celsius?   [1]

73 State what is happening to the average kinetic energy of the particles of the sample
between minute 2 and minute 6.   [1]

74 A different experiment was conducted with another sample of the same compound
starting in the solid phase. The sample was heated at a constant rate from 15°C to 75°C.
On the graph in your answer booklet, draw the resulting heating curve.   [1]

75 What kelvin temperature is equal to 15°C?   [1]

Base your answers to questions 76 and 77 on the information below.

Using burets, a student titrated a sodium hydroxide solution of unknown concentration
with a standard solution of 0.10 M hydrochloric acid. The data are recorded in the table below.

Titration Data

76 Determine both the total volume of HCl(aq) and the total volume of NaOH(aq) used in
the titration.    [1]

77 In the space in your answer booklet, show a correct numerical setup for calculating the
molarity of the sodium hydroxide solution.    [1]

Time (min)

Te
m

p
er

at
u

re
 (
°C

)

10.

30.

50.

70.

2 4 6 80

Temperature Changes Over Time
90.

Solution HCI(aq) NaOH(aq)

Initial Buret Reading (mL) 15.50 5.00

Final Buret Reading (mL) 25.00 8.80

	 Base your answers to question 13 using the information below and your knowledge of chemistry.

		  Using burets, a student titrated a sodium hydroxide solution of unknown concentration 
		  with 0.10 M HCL.
		
13.	a)	 Determine both the total volume 
		  of HCl(aq) and the total volume 
		  of NaOH(aq) used in the titration. 

		  HCl(aq) = _____________ mL

		  Na(OH)(aq) = __________ mL

	 b)	 Show a correct numerical setup for calculating the molarity of the sodium hydroxide solution.

	 c)	 Solve for the molarity of the sodium hydroxide solution.
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	 Base your answers to question 14 using the information below and your knowledge of chemistry.

		  In a laboratory activity, 40.0 mL with a concentration of 0.500 M of NaOH(s) must completely 	
	 react to neutralize 400. milliliters of HNO3(aq). 

14.	a)	 Identify the negative ion produced when the NaOH(s) is dissolved in distilled water.  _________

	 b)	 In the space below, calculate the molarity of the  HNO3(aq). Your response must include both 
		  a correct numerical setup and the calculated result. 

	 c)	 Complete the equation representing this titration reaction by writing the formulas of the products.

		  NaOH(aq) + HNO3(aq) → _______________ + _______________

		  Base your answers to question 15 on the information below.

		  In preparing to titrate an acid with a base, a student puts on goggles and an apron. The student 		
	 uses burets to dispense and measure the acid and the base in the titration. In each of two trials, a
	 0.500 M NaOH(aq) solution is added to a flask containing a volume of HCl(aq) solution of unknown 
	 concentration. Phenolphthalein is the indicator used in the titration. The calculated volumes used
	 for the two trials are recorded in the table below.

Volumes of Base and Acid Used in Titration Trials

15.	a)	 Write a chemical name for the acid used in the titration.

	 ______________________________________________

	 b)	 Using the volumes from trial 1, determine the molarity of the HCl(aq) solution.

	 c)	 Based on the information given in the table, how many significant figures should 
		  be shown in the calculated molarity of the HCl(aq) solution used in trial 2? _________________

P.S./Chem.–Jan. ’07 [14]

Base your answers to questions 78 through 81 on the information below.

In preparing to titrate an acid with a base, a student puts on goggles and an
apron.  The student uses burets to dispense and measure the acid and the base 
in the titration.  In each of two trials, a 0.500 M NaOH(aq) solution is added to a
flask containing a volume of HCl(aq) solution of unknown concentration.
Phenolphthalein is the indicator used in the titration.  The calculated volumes used
for the two trials are recorded in the table below.

Volumes of Base and Acid Used in Titration Trials

78 Write a chemical name for the acid used in the titration.   [1]

79 Using the volumes from trial 1, determine the molarity of the HCl(aq) solution.   [1]

80 Based on the information given in the table, how many significant figures should be
shown in the calculated molarity of the HCl(aq) solution used in trial 2?   [1]

81 Identify one additional safety precaution the student should have taken before 
performing the titration.   [1]

Trial 1 Trial 2

Solution
(aq)

Molarity
(M)

Volume Used
(mL)

Volume Used
(mL)

NaOH 0.500 17.03 16.87

HCl ? 10.22 10.12
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Table T – Titration
Answers

Set 1

1. 	 4 	 Subtracting the final level from the initial level will give the total volume of acid used in the 
		  titration. 

		  Readings: final level = 15.75 mL, initial level = 14.30 mL. The difference of these readings 
		  is 1.45 mL.

2. 	 1	 In an acid-base titration procedure, a solution of known concentration (the standard) is used to 
		  determine the unknown concentration of an acid or base by reaching neutralization.

		  The given acid is HCl and the given base is NaOH.

		  Equation: MAVA = MBVB

		  Given values: MA = 0.20 M, VA =  5.0 mL, VB = 10. mL,  MB is the unknown

		  Substituting: (0.20 M)(5.0 mL) = (MB)(10. mL) 

		  Solving:  MB = (5.0 mL)(0.20 M) = 0.10 M.
                                              

10. mL
  

3.	 2	 The acid-base titration method is used to determine the unknown concentration (molar 
		  concentration) of an acid or base. The given acid is HNO3 and the given base is KOH.

		  Given values: MA = 0.500 M, MB = 0.100 M, VB =100.0mL, VA is the unknown

		  Equation: MAVA = MBVB. 

		  Substituting: (0.500 M)(VA) = (0.100 M)(100.0 mL) 

		  Solving: VA = (0.100 M)(100.0 mL) = 20.0 mL
                                              

0.500 M

4.	 3	 The acid-base titration method is used to determine the unknown concentration (molar 
		  concentration) of an acid or base. The given acid is H2SO4 and the given base is KOH.

		  Given values: VA = 12.0 mL, MB = 0.16 M, VB = 36.0 mL, MA is the unknown

		  Equation:  MAVA = MBVB.

		  Substituting: (MA) (12.0 mL) = (0.16 M)(36.0 mL)

		  Solving: MA = 0.48 M   Dividing by 2 gives: 0.48 M/2 = 0.24 M

		  Note: the acid is a diprotic acid (two moles of H+ per mole of acid) and the base is a 
		  monohydroxy base (one mole of OH– per mole of base). Therefore, it will require a solution 
		  of acid only one-half the calculated concentration for this titration:
                                                        0.48 = 0.24 M
                                                           

2

		  In a titration, the neutralization equation is: H+ + OH– → HOH (1:1 ratio for H+ to OH–).
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5.		  Answer: 0.0033 M    or    3.25 × 10–3 M    or    3.3 × 10–3 M

		  Explanation: The acid-base titration method is used to determine the unknown concentration 
		  (molar concentration) of an acid or base. 

		  Given values: VA = 20.0 mL, MB = 0.010 M, and VB = 6.50 mL MA = is the unknown for
		  molarity of H+ ions

		  Equation: MAVA = MBVB

		  Substituting: (MA)(20.0 mL) = (0.010 M)(6.50 mL)

		  Solving: MA of H+ ions = 0.0033 M 

6.	 a) 	 Answer: colorless to pink    or    no color to red

		  Explanation: Phenolphthalein is colorless in the HNO3(aq) solution. When NaOH(aq), a base 
		  (see Table L), is added to the HNO3(aq), an acid (see Table K), the pH of the solution increases. 
		  When the pH of the solution becomes 8.2, the phenolphthalein will change to a pink color (see 
		  Table M). 

	 b) 	 Answer: MA =  (0.30 M)(42.2 mL)    or    (×)(60) = (.3)(42.2)
                                           

60.0 mL

		  Explanation: Open to Table K and L. Here it identifies HNO3 as nitric acid and NaOH as 
		  sodium hydroxide, a base.  

		  Given values: VA = 60.0 mL of HNO3, MB = 0.30 M, VB = 42.2 mL, MA is the unknown 
		  molarity of HNO3(aq)

		  Equation: MAVA = MBVB

		  Substituting: (MA)(60.0 mL) = (0.30 M)(42.2 mL) 

		  Correct numerical setup:  MA = (0.30 M)(42.2 mL)

                                                                        
60.0 mL
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7.	 a)  	Answer:  MB = (0.100 M)(10.01 mL)    or    (0.100 M)(10.01 mL) = (MB)(5.01 mL)
                                               

5.01 mL

		  Explanation: As shown in the chart, the acid is HCl and the base is KOH. 

		  Given values: VA = 10.01 mL (19.09 mL – 9.08 mL), VB = 5.01 mL (5.56 mL – 0.55 mL),
		  MA = 0.100 M, MB = molarity of KOH is the known

		  Equation: MAVA = MBVB

		  Substituting: (0.100 M)(10.01 mL) = (MB)(5.01 mL)  

		  Solving: MB = (0.100 M)(10.01 mL)

                                               
5.01 mL

	 b)	 Answer: MB =  0.200 to three significant figures.

		  Explanation: When multiplying and dividing, the answer must be expressed to the same number 
		  of significant figures as that in the least accurate measurement (that with the least number of 
		  significant figures). In this case, the number is 3, found in both 0.100 M and 5.01 mL. The 
		  number 10.01 mL contains 4 significant figures. 

8.	 a)  	Answer: 18.21 mL

        	 Explanation: Subtracting the final buret reading from the initial buret reading gives the volume 
		  of base used, 32.66 mL – 14.45 mL = 18.21 mL.

	 b)  	Numerical setup: MA = (3.00 M)(18.21 mL)     or    MA(25) = (3)(18.21)
                                                         

25.00 mL

		  Explanation: As shown in Table K and L, NaOH(aq) is a base and HCl(aq) is an acid. The 
		  variables given are: MB = 3.00 M, VA = 25.00 mL, VB = 18.21 mL, MA = is the unknown for 		
		  HCl(aq).

		  Substituting into the titration equation gives you the setup shown above.

	 c) 	 Answer: 3   or   three

		  Explanation: Refer to the rule given in the explanation for question 7b. In this case, 3.00 M 
		  has 3 significant figures and 18.21 mL and 25.00 mL both have 4 significant figures. The 
		  least number of significant figures in these measurements is 3. Therefore, the answer must 
		  be rounded to 3 significant figures.


