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T
he 

possession 
or 

use 
of 

any 
com

m
unications 

device 
is 

strictly 
prohibited 

w
hen 

taking this exam
ination. If you have or use any com

m
unications device, no m

atter how
 

briefl y, your exam
ination w

ill be invalidated and no score w
ill be calculated for you.

 
T

his is a test of your know
ledge of chem

istry. U
se that know

ledge to answ
er all

questions in this exam
ination. Som

e questions m
ay require the use of the 2011 E

dition
R

eference Tab
les for P

hysical Setting/C
hem

istry. You are to answ
er all questions in all

parts of this exam
ination according to the directions provided in this exam

ination 
booklet.

 
A

 separate answ
er sheet for P

art A
 and P

art B
–1 has been provided to you. F

ollow
 

the instructions from
 the proctor for com

pleting the student inform
ation on your 

answ
er sheet. R

ecord your answ
ers to the P

art A
 and P

art B
–1 m

ultiple-choice 
questions on this separate answ

er sheet. R
ecord your answ

ers for the questions in 
P

art B
–2 and P

art C
 in your separate answ

er booklet. B
e sure to fi ll in the heading on 

the front of your answ
er booklet.

W
ednesday, A

ugust 17, 2022 —
 8:30 to 11:30 a.m

., only
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A

ll answ
ers in your answ

er booklet should be w
ritten in pen, except for graphs and 

draw
ings, w

hich should be done in pencil. You m
ay use scrap paper to w

ork out the 
answ

ers to the questions, but be sure to record all your answ
ers on your separate

answ
er sheet or in your answ

er booklet as directed.

 
W

hen you have com
pleted the exam

ination, you m
ust sign the statem

ent printed 
on your separate answ

er sheet, indicating that you had no unlaw
ful know

ledge of the 
questions or answ

ers prior to the exam
ination and that you have neither given nor 

received assistance in answ
ering any of the questions during the exam

ination. Your 
answ

er sheet and answ
er booklet cannot be accepted if you fail to sign this declaration.

N
otice. . .

A
 four-function or scientifi c calculator and a copy of the 2011 E

dition R
eference Tab

les for 
P

hysical Setting/C
hem

istry m
ust be available for you to use w

hile taking this exam
ination.
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P
art A

A
nsw

er all questions in this part.

D
irections (1–30): F

or each statem
ent or question, record on your separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question. Som
e questions 

m
ay require the use of the 2011 E

dition R
eference T

ables for Physical Setting/C
hem

istry.

1 W
hat is the num

ber of protons in an atom
 w

ith 
the electron confi guration of 2

�
5?

(1) 5 
(3) 3

(2) 2 
(4) 7

2 In the w
ave-m

echanical m
odel of an atom

, an 
orbital is defi ned as
(1) a 

region 
of 

the 
m

ost 
probable 

neutron 
location

(2) a 
region 

of 
the 

m
ost 

probable 
electron 

location
(3) the straight-line path of a neutron
(4) the straight-line path of an electron

3 In the ground state, w
hich shell of a potassium

 
atom

 has an electron w
ith the greatest am

ount of 
energy?
(1) fi rst 

(3) third
(2) second 

(4) fourth

4 W
hich phrase describes tw

o atom
s that contain 

the sam
e num

ber of protons but a different 
num

ber of neutrons?
(1) ions of the sam

e elem
ent

(2) isotopes of the sam
e elem

ent
(3) a m

ixture of different elem
ents

(4) nuclides of different elem
ents

5 A
ll atom

s of an elem
ent have the sam

e
(1) m

ass num
ber

(2) atom
ic m

ass
(3) num

ber of neutrons
(4) num

ber of protons

6 W
hich G

roup 15 elem
ent is classifi ed as a m

etal?
(1) N

 
(3) A

s
(2) P 

(4) B
i
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12 W
hen an atom

 of hydrogen and an atom
 of 

chlorine com
bine to form

 a m
olecule of hydrogen 

chloride, a bond is
(1) form

ed as energy is absorbed
(2) form

ed as energy is released
(3) broken as energy is absorbed
(4) broken as energy is released

7 C
om

pared to the num
ber of electron shells and 

radius of an alum
inum

 atom
 in the ground state, 

a boron atom
 in the ground state has

(1) few
er electron shells and a sm

aller radius
(2) few

er electron shells and a larger radius
(3) m

ore electron shells and a sm
aller radius

(4) m
ore electron shells and a larger radius

8 H
ydrogen sulfi de, H

2 S, is classifi ed as a
(1) com

pound w
ith atom

s in a fi xed proportion
(2) com

pound w
ith atom

s in a proportion that 
can vary

(3) m
ixture w

ith atom
s in a fi xed proportion

(4) m
ixture w

ith atom
s in a proportion that can 

vary

9 A
 structural form

ula differs from
 a m

olecular 
form

ula in that a structural form
ula show

s the
(1) arrangem

ent of atom
s

(2) num
ber of atom

s
(3) ratio of atom

s
(4) types of atom

s

 10 W
hich type of reaction occurs w

hen a com
pound 

is separated into its elem
ents?

(1) synthesis
(2) decom

position
(3) single replacem

ent
(4) double replacem

ent

 11 W
hich 

term
s 

represent 
tw

o 
categories 

of 
com

pounds?
(1) chem

ical and physical
(2) chem

ical and m
olecular

(3) ionic and physical
(4) ionic and m

olecular
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13 A
ll atom

s of the elem
ent vanadium

 m
ust have 

the sam
e

(1) atom
ic num

ber
(2) m

ass num
ber

(3) num
ber of neutrons plus electrons

(4) num
ber of protons plus neutrons

14 W
hich sam

ple of m
atter can be separated into 

tw
o different substances by physical m

eans?
(1) liquid brom

ine
(2) gaseous propane
(3) solid sodium

 acetate
(4) aqueous m

agnesium
 sulfate

15 Tw
o liquids can be separated by distillation due 

to a difference in
(1) concentration 

(3) boiling point
(2) conductivity 

(4) heat of fusion

16 W
hich 

unit 
can 

be 
used 

to 
express 

the 
concentration of a PbC

l2 (aq) solution?
(1) kelvins 

(3) pascals
(2) kilojoules per gram

 
(4) parts per m

illion

17 C
om

pared to the freezing point and boiling point 
of w

ater at 1.0 atm
, a 0.5 M

 aqueous solution of 
N

aC
l at 1.0 atm

 has
(1) a low

er freezing point and a low
er boiling 

point
(2) a low

er freezing point and a higher boiling 
point 

(3) a higher freezing point and a low
er boiling 

point
(4) a higher freezing point and a higher boiling 

point

 18 W
hich form

 of energy is converted to therm
al 

energy w
hen propane burns in air?

(1) chem
ical 

(3) m
echanical

(2) electrical 
(4) nuclear

 19 A
ccording to the kinetic m

olecular theory, w
hich 

statem
ent 

explains 
w

hy 
an 

ideal 
gas 

can 
be 

com
pressed to a sm

aller volum
e?

(1) T
he m

otion of the gas particles is circular and 
orderly.

(2) T
he 

force 
of 

attraction 
betw

een 
the 

gas 
particles is strong.

(3) A
s the gas particles collide, the total energy 

of the system
 decreases.

(4) T
he 

gas 
particles 

are 
separated 

by 
great 

distances relative to their size.
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 24 System
s 

in 
nature 

tend 
to 

undergo 
changes 

tow
ard

(1) low
er energy and less disorder

(2) low
er energy and greater disorder

(3) higher energy and less disorder
(4) higher energy and greater disorder

 25 W
hich 

reaction 
occurs 

at 
the 

anode 
in 

an 
electrochem

ical cell?
(1) neutralization 

(3) reduction
(2) oxidation 

(4) substitution

 20 U
nder 

w
hich 

conditions 
of 

tem
perature 

and 
pressure does a sam

ple of propane behave least 
like an ideal gas?
(1) 250. K

 and 1.0 atm
 

(3) 500. K
 and 1.0 atm

(2) 250. K
 and 5.0 atm

 
(4) 500. K

 and 5.0 atm

 21 C
om

pared to a 1.0-L
 sam

ple of C
O

2 (g) in a 
sealed, rigid container at ST

P, a 1.0-L
 sam

ple of 
C

H
4 (g) in a sealed, rigid container at ST

P has the 
sam

e
(1) density
(2) m

olar m
ass

(3) chem
ical properties

(4) num
ber of m

olecules

 22 A
 chem

ical reaction occurs w
hen

(1) H
2 O

(g) form
s H

2 O
(�)

(2) H
2 O

(�) form
s H

2 O
(s)

(3) O
2 (�) form

s O
2 (s)

(4) O
2 (g) form

s O
3 (g)

 23 W
hat is the purpose of adding a catalyst to a 

chem
ical reaction?

(1) to 
decrease 

the 
potential 

energy 
of 

the 
products

(2) to 
increase 

the 
potential 

energy 
of 

the 
reactants

(3) to convert solid reactants to liquid reactants
(4) to provide an alternate reaction pathw

ay
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 26 A
s 

m
ore 

N
aC

l(s) 
is 

dissolved 
in 

a 
dilute, 

unsaturated N
aC

l(aq) solution, the conductivity 
of the solution
(1) decreases as the ion concentration decreases
(2) decreases as the ion concentration increases
(3) increases as the ion concentration decreases
(4) increases as the ion concentration increases

 27 W
hich substance alw

ays form
s w

hen an A
rrhenius 

acid reacts w
ith an A

rrhenius base?
(1) C

O
2  

(3) C
H

3 O
H

(2) H
2  

(4) H
2 O

 28 W
hich sym

bol represents a nuclear em
ission 

w
ith the greatest m

ass and the greatest ionizing 
pow

er?
(1) �

 
(3) �

�

(2) �
� 

(4) �

 29 O
ne potential benefi t of nuclear fusion reactions is

(1) reactor m
eltdow

n
(2) uncontrolled chain reaction
(3) production of large am

ounts of energy
(4) production of radioactive w

aste m
aterials

 30 D
eterm

ining the age of a w
ooden beam

 from
 a 

sunken ship is an exam
ple of a benefi cial use of

(1) L
ew

is structures
(2) polyatom

ic ions
(3) radioactive nuclides
(4) hom

ogeneous m
ixture
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Q

uestion 31 is continued on the next page.

P
art B

–1

A
nsw

er all questions in this part.

D
irections (31–50): F

or each statem
ent or question, record on your separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question. Som
e questions 

m
ay require the use of the 2011 E

dition R
eference T

ables for Physical Setting/C
hem

istry.

 31 G
iven the bright-line spectra of four elem

ents and the spectrum
 of a m

ixture form
ed from

 tw
o of these 

elem
ents:

B
rig

h
t-L

in
e
 S

p
e
c
tra

Elem
ent A

Elem
ent Q

Elem
ent E

Elem
ent G

M
ixture of Tw

o
Elem

ents400
450

500
550

600
650

700
W

a
v
e
le

n
g

th
 (nm

)



P
.S

./
C

h
e
m

. –
 A

u
g

. ’2
2

11
[O
V
ER
]

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·

Q
uestion 31 continued

 
 W

hich tw
o elem

ents are present in this m
ixture?

(1) A
 and Q

  
(3) G

 and Q
(2) A

 and E
 

(4) G
 and E

 32 W
hat is the approxim

ate m
ass of an atom

 that has 10 electrons, 10 protons, and 9 neutrons?
(1) 10. u  

(3) 20. u
(2) 19 u 

(4) 29 u

 33 W
hich electron confi guration represents the electrons of an atom

 in an excited state?
(1) 2-7-3 

(3) 2-8-8-1
(2) 2-8-2 

(4) 2-8-9-2
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 34 G
iven inform

ation about the naturally occurring 
isotopes of brom

ine:

N
a
tu

ra
lly

 O
c
c
u

rrin
g

 Is
o

to
p

e
s
 o

f B
ro

m
in

e

Is
o

to
p

e

N
o

ta
tio

n

A
to

m
ic

M
a
s
s

(u)

N
a
tu

ra
l

A
b

u
n

d
a
n

c
e

(%
)

Br-79
78.92

50.69
Br-81

80.92
49.31

 
 W

hich num
erical setup can be used to determ

ine 
the atom

ic m
ass of brom

ine?

(1) (78.92 u)(50.69) �
 (80.92 u)(49.31)

(2) (80.92 u)(50.69) �
 (78.92 u)(49.31)

(3) (78.92 u)(0.5069) �
 (80.92 u)(0.4931)

(4) (80.92 u)(0.5069) �
 (78.92 u)(0.4931)

 35 W
hat is a chem

ical nam
e of the com

pound C
uS?

(1) copper(I) sulfi de 
(3) copper(II) sulfi de

(2) copper(I) sulfate 
(4) copper(II) sulfate

 36 G
iven the equation representing a reaction:

2H
2 (g) �

 2N
O

(g) →
 N

2 (g) �
 2H

2 O
(g)

 
 W

hat 
is 

the 
m

ass 
of 

N
2 (g) 

produced 
w

hen
1.0 gram

 of H
2 (g) com

pletely reacts w
ith 15.0 

gram
s of N

O
(g) to produce 9.0 gram

s of H
2 O

(g)?
(1) 7.0 g 

(3) 25.0 g
(2) 14.0 g 

(4) 28.0 g

 37 A
n atom

 of w
hich elem

ent bonds w
ith an atom

 of 
hydrogen to form

 the m
ost polar bond?

(1) brom
ine 

(3) fl uorine
(2) chlorine 

(4) iodine
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 38 G
iven the diagram

 representing a classifi cation 
of m

atter:X

M
atter

C
aC

O
3 (s)

Fe(s)

Z

air
N

aC
l(aq)

 
 W

hich types of m
atter are represented by X

 and 
Z in the diagram

?
(1) X

 is m
ixture, and Z is substance.

(2) X
 is substance, and Z is m

ixture.
(3) X

 is elem
ent, and Z is com

pound.
(4) X

 is com
pound, and Z is elem

ent.

 39 B
ased on Table G

, w
hich sam

ple, w
hen added 

to 100. gram
s of w

ater and thoroughly stirred, 
produces a heterogeneous m

ixture at 20.°C
?

(1) 20. g of K
C

l 
(3) 80. g of K

C
l

(2) 20. g of K
I 

(4) 80. g of K
I

 40 H
ow

 m
any m

illiliters of 1 M
 H

C
l(aq) m

ust be 
diluted w

ith w
ater to m

ake exactly 500 m
L

 of 0.1 
M

 H
C

l(aq)?
(1) 10 m

L
 

(3) 100 m
L

(2) 50 m
L

 
(4) 5000 m

L

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
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G
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 41 W
hich tw

o particle diagram
s represent tw

o different phases of the sam
e com

pound, only?

A

K
e
y

= atom
 of one elem

ent
= atom

 of a different elem
ent

B
C

D

(1) A
 and B

 
(3) B

 and C
(2) A

 and C
 

(4) B
 and D

 42 A
 sam

ple of K
C

l(s) is dissolved in w
ater to form

 K
C

l(aq). W
hen the w

ater in the K
C

l(aq) is com
pletely 

evaporated, K
C

l(s) rem
ains. W

hich statem
ent describes a property of the K

C
l(s) after the w

ater evaporated?
(1) T

he K
C

l(s) becom
es a m

olecular com
pound. 

(3) T
he m

elting point of the K
C

l(s) is unchanged.
(2) T

he m
olar m

ass of the K
C

l(s) decreases. 
(4) T

he K
C

l(s) conducts an electric current.
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 43 W
hich statem

ent describes ice and liquid w
ater in a stoppered fl ask at 0°C

 at equilibrium
?

(1) T
he rate of m

elting m
ust equal the rate of freezing.

(2) T
he rate of freezing m

ust be greater than the rate of m
elting.

(3) T
he m

ass of the ice m
ust equal the m

ass of the liquid w
ater.

(4) T
he m

ass of the ice m
ust be greater than the m

ass of the liquid w
ater.

 44 G
iven the equation representing a system

 at equilibrium
 in a sealed, rigid container:

N
2 (g) �

 O
2 (g) �

 182.6 kJ ⇌
 2N

O
(g)

 
 W

hen heat is added to the system
, the concentration of N

2 (g) 
(1) decreases and the concentration of N

O
(g) decreases

(2) decreases and the concentration of N
O

(g) increases
(3) increases and the concentration of N

O
(g) increases

(4) increases and the concentration of N
O

(g) decreases

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·
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 45 G
iven the potential energy diagram

 for a reaction:

R
e
a
c
tio

n
 C

o
o

rd
in

a
te

Potential Energy

1

3
4

2

 
 W

hich 
num

bered 
interval 

represents 
the 

activation energy of the reaction?
(1) 1 

(3) 3
(2) 2 

(4) 4

 46 G
iven the form

ula representing a com
pound:

C
C

H

HC

HC
C

H
H

HH

H

H

H

C
IH

 
 W

hat is a chem
ical nam

e for the com
pound?

(1) 2-chloropentene 
(3) 4-chloropentene

(2) 2-chloropentane 
(4) 4-chloropentane

 47 W
hich form

ula represents a saturated organic 
com

pound?
(1) C

2 H
2  

(3) C
3 H

4
(2) C

2 H
4  

(4) C
3 H

8

 48 T
he 

com
pounds 

C
H

3 C
H

2 C
H

2 O
H

 
and 

C
H

3 O
C

H
2 C

H
3  have different

(1) num
bers of carbon atom

s per m
ole

(2) num
bers of hydrogen atom

s per m
ole

(3) functional groups
(4) m

olecular m
asses
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 49 T
he diagram

 and ionic equation below
 represent 

an operating voltaic cell.

Salt
bridge

M
g(s) + N

i 2+(aq)        M
g 2+(aq) + N

i(s)

M
g(s)

N
i(s)

M
g 2+(aq)

N
i 2+(aq)

W
ire

W
ire

V
Voltm

eter

 
 W

hich phrase describes the direction of electron 
fl ow

 in this cell?

(1) from
 N

i(s) through the w
ire to M

g(s)
(2) from

 M
g(s) through the w

ire to N
i(s)

(3) from
 N

i 2
�(aq) ions through the salt bridge to 

M
g

2
�(aq) ions

(4) from
 M

g
2

�(aq) ions through the salt bridge 
to N

i 2
�(aq) ions

 50 G
iven the equation representing a reaction at 

equilibrium
:

N
H

3 (aq) �
 H

2 O
(�) ⇌

 N
H

4
�(aq) �

 O
H

�(aq)

 
 A

ccording to one acid-base theory, w
hich pair are 

the H
� donors?

(1) N
H

3 (aq) and H
2 O

(�)
(2) N

H
3 (aq) and O

H
�(aq)

(3) N
H

4
�(aq) and H

2 O
(�)

(4) N
H

4
�(aq) and O

H
�(aq)
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P
art B

–2

A
nsw

er all questions in this part.

D
irections (51-65): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/C
hem

istry.

51 Identify a m
etal from

 Table J that is less active than silver.   [1]

B
ase your answ

ers to questions 52 through 54 on the inform
ation below

 and on your know
ledge of chem

istry.

F
luorine, chlorine, brom

ine, and iodine are located in G
roup 17 and are called halogens.

52 State, in term
s of electrons, w

hy these halogens have sim
ilar chem

ical properties.   [1]

53 C
om

pare the radius of a chlorine atom
 to the radius of a C

l � ion.   [1]

54 In the space in your answ
er booklet, draw

 a L
ew

is electron-dot diagram
 for an atom

 of 
fl uorine in the ground state.   [ 1]
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B
ase your answ

ers to questions 55 through 57 on the inform
ation below

 and on your know
ledge of chem

istry.

A
 sam

ple of helium
 gas in a sealed, rigid container is at 240. K

 and 120. kPa. T
he 

tem
perature is increased to 360. K

.

55 State the num
ber of signifi cant fi gures to w

hich the given pressure is expressed.   [1]

56 D
eterm

ine the pressure of the helium
 at 360. K

.   [1]

57 Show
 a num

erical setup for converting 120. kPa to atm
ospheres.   [ 1]
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B
ase your answ

ers to questions 58 and 59 on the inform
ation below

 and on your know
ledge of chem

istry.

T
he table and graph below

 show
 inform

ation about fi ve aldehydes.

N
a
m

e
s
 a

n
d

 M
o

la
r M

a
s
s
e
s

 o
f S

e
le

c
te

d
 A

ld
e
h

y
d

e
s

N
a
m

e
M

o
la

r M
a
s
s

(g/m
ol)

m
ethanal

30.0
ethanal

44.1
propanal

58.1
butanal

72.1
pentanal

86.1

Q
uestions 58 and 59 are continued on the next page.



P
.S

./
C

h
e
m

. –
 A

u
g

. ’2
2

21
[O
V
ER
]

400.

200.

B
o

ilin
g

 P
o

in
ts

 a
t S

ta
n

d
a
rd

 P
re

s
s
u

re

V
e
rs

u
s
 M

o
la

r M
a
s
s
 o

f S
o

m
e
 A

ld
e
h

y
d

e
s

M
o

la
r M

a
s
s
 (g/m

ol)
0

Boiling Point (K)

220.

240.

260.

280.

300.

320.

340.

360.

380.

10.
20.

30.
40.

50.
60.

70.
80.

90.100.

Q
uestions 58 and 59 continued

58 B
ased on the graph, determ

ine the boiling point of butanal at standard pressure.   [1]

59 D
eterm

ine the m
ass of 3.00 m

oles of propanal using the m
olar m

ass given in the 
table.   [ 1]
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B
ase your answ

ers to questions 60 through 62 on the inform
ation below

 and on your know
ledge of chem

istry.

A
 100.-m

L
 sam

ple of liquid w
ater is heated in a fl ask to boiling at 1 atm

. A
s the w

ater 
boils, som

e liquid w
ater changes phase to w

ater vapor. T
he equation below

 represents this 
change.

H
2 O

(�) �
 heat →

 H
2 O

(g)

60 D
escribe the change in potential energy of the w

ater m
olecules that vaporize during 

boiling.   [ 1]

61 C
om

pare the entropy of the H
2 O

(�) to the H
2 O

(g) that is form
ed.   [1]

62 D
eterm

ine the m
ass of liquid w

ater that vaporizes if 7700 joules of energy is absorbed 
by the H

2 O
(�) at 100.°C

.   [1]
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B
ase your answ

ers to questions 63 through 65 on the inform
ation below

 and on your know
ledge of chem

istry.

Tritium
, hydrogen-3, is a radioisotope. 

63 State the num
ber of neutrons in an atom

 of tritium
.   [1]

64 C
om

plete the nuclear equation in your answ
er booklet for the decay of tritium

 by w
riting 

a notation for the m
issing nuclide.   [1]

65 B
ased on Table N

, identify a nuclide that has the sam
e decay m

ode as tritium
, but has 

a longer half-life.   [ 1]
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P
art C

A
nsw

er all questions in this part.

D
irections (66-85): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/C
hem

istry.

B
ase your answ

ers to questions 66 through 69 on the inform
ation below

 and on your know
ledge of chem

istry.

Phosphorus 
com

bines 
w

ith 
oxygen 

to 
form

 
an 

oxide 
that 

reacts 
w

ith 
w

ater 
to 

produce phosphoric acid, w
hich is an im

portant industrial com
pound used to produce 

fertilizers. A
n unbalanced equation for the production of phosphoric acid is show

n below
.

P
4 O

10 (s) �
 H

2 O
(�) →

 H
3 PO

4 (aq) �
 energy

66 B
alance the equation in your answ

er booklet for the production of phosphoric acid,
using the sm

allest w
hole-num

ber coeffi cients.   [1]

67 W
rite the em

pirical form
ula of the solid reactant in the equation.   [1]

68 Show
 a num

erical setup for calculating the percent com
position by m

ass of phosphorus 
in P

4 O
10  (form

ula m
ass �

 283.89 u).   [1]

69 D
eterm

ine the oxidation state of phosphorus in the phosphoric acid.   [ 1]
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B
ase your answ

ers to questions 70 through 73 on the inform
ation below

 and on your know
ledge of chem

istry.

C
alcium

 oxide, C
aO

, also know
n as lim

e, is an im
portant industrial chem

ical. L
im

e can 
be obtained by the heating of lim

estone, w
hich is m

ainly calcium
 carbonate, C

aC
O

3 . A
n 

equation representing the reaction for the production of lim
e is show

n below
.

C
aC

O
3 (s) �

 heat →
 C

aO
(s) �

 C
O

2 (g)

70 State the solubility of lim
estone in w

ater.   [1]

71 State evidence from
 the equation that the reaction to form

 lim
e is endotherm

ic.   [1]

72 Identify the noble gas that has atom
s in the ground state w

ith the sam
e electron 

confi guration as the calcium
 ion, in the ground state, in the C

aC
O

3 .  [1]

73 State the type of chem
ical bonding in a sam

ple of C
aO

.   [ 1]
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B
ase your answ

ers to questions 74 and 75 on the inform
ation below

 and on your know
ledge of chem

istry.

D
uring a laboratory activity, a student places 20.0 m

L
 of H

C
l(aq) of unknow

n 
concentration into a fl ask. T

he solution is titrated w
ith 0.10 M

 K
O

H
(aq) until the H

C
l(aq) 

is exactly neutralized. A
t the end of the titration, the volum

e of K
O

H
(aq) added is 42.0 m

L
. 

D
uring the laboratory activity appropriate safety equipm

ent w
as used and safety procedures 

w
ere follow

ed.

74 C
om

pare the num
ber of m

oles of H
�(aq) ions to the num

ber of m
oles of O

H
�(aq) ions 

in the titration m
ixture w

hen the H
C

l(aq) is exactly neutralized by the K
O

H
(aq).   [1]

75 D
eterm

ine the concentration of the H
C

l(aq) solution using the titration data.   [ 1]
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B
ase your answ

ers to questions 76 and 77 on the inform
ation below

 and on your know
ledge of chem

istry.

A
 scientifi c sam

pling instrum
ent landed on a com

et. F
our of the organic com

pounds 
detected on the com

et are m
ethyl isocyanate, propanone, propanal, and ethanam

ide. T
he 

structural form
ula for m

ethyl isocyanate is show
n below

:

O
H

HC
N

C

H

76 Identify the elem
ent in these four com

pounds that m
akes them

 organic com
pounds.   [1]

77 W
rite the nam

es of the tw
o organic com

pounds detected on the com
et that are isom

ers 
of each other.   [ 1]
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B
ase your answ

ers to questions 78 through 81 on the inform
ation below

 and on your know
ledge of chem

istry.

D
uring 

a 
laboratory 

activity 
appropriate 

safety 
equipm

ent 
is 

used 
and 

safety 
procedures are follow

ed. A
 student tests sam

ples of four different m
etals using 0.20 M

aqueous m
etal ion solutions of the sam

e four m
etals. T

he student uses a 24-w
ell plate as the 

reaction container for the different m
etal and solution com

binations. 
B

efore placing a m
etal strip in each solution, the student cleans the surface of the 

m
etal strip w

ith sandpaper. T
he 24-w

ell plate diagram
 below

 show
s the setup and results of 

the investigation. In each vertical colum
n, the m

etal strips are all the sam
e m

etal. F
or each 

horizontal row
, all of the solutions contain the sam

e type of m
etal ion.

M
e
ta

l S
trip

s

M
g(s)

M
g

2+(aq)

Zn
2+(aq)

Fe
2+(aq)

C
u

2+(aq)

Solutions (0.20 M)

M
etal strip

w
ith no change

Zn(s)
Fe(s)

C
u(s)

=

M
etal strip

appears dark
in the solution

=

K
e
y

2
4
-W

e
ll P

la
te

 w
ith

 M
e
ta

l S
trip

s
 a

n
d

 A
q

u
e
o

u
s
 M

e
ta

l Io
n

 S
o

lu
tio

n
s

Q
uestions 78-81 are continued on the next page.



Q
uestions 78-81 continued

78 U
sing the results of the student’s investigation, state evidence that zinc m

etal is m
ore 

active than copper m
etal.   [1]

79 C
om

pare the num
ber of electrons lost by the M

g(s) placed in the Zn
2

�(aq) solution to 
the num

ber of electrons gained by the Zn
2

�(aq).   [1]

80 W
rite a balanced, half-reaction equation for the reduction of the copper ions.   [1]

81 State w
hy the student w

as instructed to clean the surface of the m
etal strips w

ith 
sandpaper before placing each strip into an aqueous m

etal ion solution.   [ 1]
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B
ase your answ

ers to questions 82 and 83 on the inform
ation below

 and on your know
ledge of chem

istry.

Tetrachlorom
ethane, C

C
l4 , w

as used as a dry cleaning solvent until it w
as banned for this 

use in the U
.S. in 1970 due to its toxicity. T

his solvent w
as replaced in m

any dry cleaning 
processes by tetrachloroethene, C

2 C
l4 . A

nother currently available alternative dry cleaning 
solvent is 1-brom

opropane. T
he table below

 show
s the boiling points of these solvents.

B
o

ilin
g

 P
o

in
ts

 o
f T

h
re

e
 C

o
m

p
o

u
n

d
s
 a

t 1
 a

tm

N
a
m

e
B

o
ilin

g
 P

o
in

t (°C
)

tetrachlorom
ethane

76.8
tetrachloroethene

121.3
1-brom

opropane
71.1

82 E
xplain, in term

s of interm
olecular forces, w

hy tetrachloroethene has a higher boiling 
point than tetrachlorom

ethane.   [1]

83 D
raw

 a structural form
ula for 1-brom

opropane.   [ 1]
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B
ase your answ

ers to questions 84 and 85 on the inform
ation below

 and on your know
ledge of chem

istry.

W
hen a neutron is absorbed by a uranium

-235 nucleus, the nucleus can split. O
ne

possible nuclear reaction is represented by the balanced equation below
.

n
U

Sr
X

e
4

n
energy

0 1
92

235
38 90

54
142

0 1
�

�
�

�
→

In this reaction, the products have a m
ass that is 0.180 u less than the m

ass of the
reactants.

84 C
om

pare the energy released per gram
 of reactant during this reaction to the energy 

released  per gram
 of reactant in a chem

ical reaction.   [1]

85 D
eterm

ine the tim
e required for an 8.00-m

g sam
ple of Sr-90 to decay until only 

2.00 m
g of the sam

ple rem
ains unchanged.   [ 1]
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