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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.

F
riday, January 27, 2023 —

 9:15 a.m
. to 12:15 p.m

., only

 T
he U

niversity of the State of N
ew

 York

R
E

G
E

N
T

S H
IG

H
 SC

H
O

O
L

 E
X

A
M

IN
AT

IO
N

P
H

Y
S

IC
A

L
 S

E
T

T
IN

G

C
H

E
M

IS
T

R
Y

 
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.
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D
O

 N
O

T
 ST

A
R

T
 T

H
IS E

X
A

M
IN

AT
IO

N
 U

N
T

IL
 T

H
E

 SIG
N

A
L

 IS G
IV

E
N

.

 
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

hich conclusion w
as developed as a result of 

the gold foil experim
ent?

(1) A
tom

s are m
ostly em

pty space.
(2) A

ll atom
s are hard, indivisible spheres.

(3) A
tom

s have different volum
es.

(4) A
ll atom

s have the sam
e volum

e.

 
2 W

hich 
tw

o 
particles 

each 
have 

a 
m

ass 
approxim

ately equal to one atom
ic m

ass unit?
(1) positron and proton
(2) positron and electron
(3) neutron and electron
(4) neutron and proton

3 A
n 

excited 
potassium

 
atom

 
em

its 
a 

specifi c 
am

ount of energy w
hen one of its electrons 

m
oves from

(1) the fi rst shell to the fourth shell
(2) the second shell to the fourth shell
(3) the fourth shell to the fi fth shell
(4) the fourth shell to the second shell

4 W
hich 

list 
of 

elem
ents 

includes 
a 

m
etal, 

a 
m

etalloid, and a noble gas?
(1) R

b, C
l, N

e 
(3) R

n, C
l, N

e
(2) Sr, Si, R

n 
(4) Si, R

b, Sr

5 W
hich elem

ent has the low
est density at 298 K

 
and 101.3 kPa?
(1) argon 

(3) nitrogen
(2) fl uorine 

(4) oxygen
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6 W

hich phrase describes the crystal structure and 
properties of tw

o different form
s of solid carbon 

called diam
ond and graphite?

(1) sam
e crystal structure and sam

e properties
(2) sam

e crystal structure and different proper-
ties

(3) different 
crystal 

structures 
and 

different 
properties

(4) different crystal structures and sam
e proper-

ties

 
7 W

hich elem
ent has chem

ical properties m
ost 

sim
ilar to sodium

?
(1) m

agnesium
 

(3) phosphorus
(2) oxygen 

(4) rubidium

 
8 W

hich substance contains elem
ents chem

ically 
com

bined in a fi xed proportion?
(1) m

anganese 
(3) silicon

(2) m
ethane 

(4) strontium

 
9 W

hich property can be used to differentiate 
betw

een a 50.-gram
 sam

ple of solid potassium
 

nitrate at ST
P and a 50.-gram

 sam
ple of solid 

silver chloride at ST
P?

(1) m
ass 

(3) phase
(2) tem

perature 
(4) solubility

 10 W
hich type of bond form

s w
hen electrons are 

equally shared betw
een tw

o atom
s?

(1) a polar covalent bond
(2) a nonpolar covalent bond
(3) a hydrogen bond
(4) an ionic bond

 11 W
hich 

statem
ent 

describes 
the 

changes 
in 

bonding and energy that occur w
hen a m

olecule 
of iodine, I2 , form

s tw
o separate atom

s of iodine?
(1) A

 bond is form
ed as energy is absorbed.

(2) A
 bond is form

ed as energy is released.
(3) A

 bond is broken as energy is absorbed.
(4) A

 bond is broken as energy is released.
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 12 T
he degree of polarity in the bond betw

een a 
hydrogen atom

 and an oxygen atom
 in a m

olecule 
of w

ater can be assessed using the difference in
(1) densities
(2) electronegativities
(3) m

elting points
(4) interm

olecular forces

 13 W
hich substance can not be broken dow

n by a 
chem

ical change?
(1) am

m
onia 

(3) krypton
(2) ethanol 

(4) w
ater

 14 W
hich sam

ple of m
atter is a m

ixture?
(1) C

O
2 (g) 

(3) M
gC

l2 (aq)
(2) C

C
l4 (

) 
(4) Sn(s)

 15 W
hich term

 is used to express the concentration 
of an aqueous solution?
(1) parts per m

illion 
(3) pressure at 0°C

(2) heat of fusion 
(4) volum

e at 0°C

 16 T
he particles in w

hich sam
ple have the low

est 
average kinetic energy?
(1) 50. g of sulfur at 273 K
(2) 40. g of alum

inum
 at 298 K

(3) 30. g of sulfur at 303 K
(4) 20. g of alum

inum
 at 323 K

 17 W
hich process represents a chem

ical change?
(1) Iodine sublim

es.
(2) W

ater evaporates.
(3) A

n ice cube m
elts.

(4) A
 candle burns in air.

 18 W
hich equation represents a physical equilibrium

?

(1) N
aC

l(s) 
H

2 O
 N

a
1(aq) 1

 C
l 2(aq)

(2) 2SO
2 (g) 1

 O
2 (g) 

 2SO
3 (g)

(3) 3O
2 (g) 

 2O
3 (g)

(4) N
2 (

) 
 N

2 (g)

 19 System
s in nature tend to undergo changes tow

ard
(1) higher energy and higher entropy
(2) higher energy and low

er entropy
(3) low

er energy and higher entropy
(4) low

er energy and low
er entropy
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 20 W
hich form

ula represents a hydrocarbon?
(1) C

2 H
6 

(3) C
2 H

5 C
l

(2) C
2 H

5 O
H

 
(4) C

2 H
6 O

 21 W
hich statem

ent describes the bonding in an 
alkyne m

olecule?
(1) T

here is at least one carbon-to-carbon 
double bond.

(2) T
here is at least one carbon-to-carbon 

triple bond.
(3) T

here is at least one carbon-to-oxygen 
single bond.

(4) T
here is at least one carbon-to-oxygen 

double bond.

 22 W
hich com

pound has a functional group that 
contains tw

o oxygen atom
s?

(1) 1-propanam
ine 

(3) m
ethyl propanoate

(2) 2-chloropropane 
(4) m

ethyl ethyl ether

 23 W
hich term

 identifi es a type of organic reaction?
(1) deposition 

(3) polym
erization

(2) distillation 
(4) vaporization

 24 In an electrochem
ical cell, oxidation occurs at the

(1) anode 
(3) salt bridge

(2) cathode 
(4) sw

itch

 25 W
hich energy conversion occurs in an operating 

electrolytic cell?
(1) chem

ical energy to electrical energy
(2) electrical energy to chem

ical energy
(3) nuclear energy to electrical energy
(4) electrical energy to nuclear energy

 26 O
ne acid-base theory states that a base is an

(1) H
2 donor 

(3) H
1 donor

(2) H
2 acceptor 

(4) H
1 acceptor

 27 T
he acidity or alkalinity of a solution can be 

m
easured by its

(1) pH
 value 

(2) electronegativity value
(3) boiling point
(4) freezing point



P
.S

./
C

h
e
m

. –
 Ja

n
. ’2

3
 

8
 

 28 W
hen the nucleus of an atom

 of neon-19 decays, 
w

hich particle is em
itted?

(1) 
4 2 H

e 
(3) 

1 0 n
(2)   0 

2
1 e 

(4)   0 
1

1 e

 29 W
hich nuclear em

ission has the greatest m
ass?

(1) positron 
(3) beta particle

(2) gam
m

a ray 
(4) alpha particle

30 W
hich statem

ent describes the net change that 
occurs during nuclear fi ssion?
(1) E

lectrons are converted to protons.
(2) Protons are converted to electrons.
(3) M

ass is converted to energy.
(4) E

nergy is converted to m
ass.
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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 W
hat is the net charge of a m

onatom
ic ion that 

has 15 protons, 16 neutrons, and 18 electrons?
(1) 2

1
 

(3) 3
1

(2) 2
2

 
(4) 3

2

 32 T
he table below

 show
s the atom

ic m
asses and 

natural abundances of the tw
o naturally occurring 

isotopes of rhenium
.

N
a
tu

ra
lly

 O
c
c
u

rrin
g

 Is
o

to
p

e
s
 o

f R
h

e
n

iu
m

Is
o

to
p

e
A

to
m

ic
 M

a
s
s 

(u)
N

a
tu

ra
l 

A
b

u
n

d
a
n

c
e 

(%
)

Re-185
184.95

37.40
Re-187

186.96
62.60

W
hich num

erical setup can be used to calculate 
the atom

ic m
ass of rhenium

?
(1) (184.95 u)(37.40) 1

 (186.96 u)(62.60)

(2) (184.95 u)(0.3740) 1
 (186.96 u)(0.6260)

(3) (184.95 u)(37.40) 1
 (186.96 u)(62.60)

 
 

2

(4) (184.95 u)(0.3740) 1
 (186.96 u)(0.6260)

 
 

2

P
art B

–1

A
nsw

er all questions in this part.
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33 W
hich general trend is observed as the elem

ents 
in Period 2 are considered from

 left to right?
(1) A

tom
ic m

ass decreases.
(2) M

elting point increases.
(3) E

lectronegativity increases.
(4) F

irst ionization energy decreases.

 34 W
hich form

ula represents chrom
ium

(III) oxide?
(1) C

rO
3 

(3) C
r2 O

3

(2) C
r3 O

 
(4) C

r3 O
2

 35 G
iven the balanced equation representing a 

reaction:

2K
C

lO
3  1

 energy 
 2K

C
l 1

 3O
2

W
hat is the m

ass of K
C

l produced w
hen 24.51 

gram
s of K

C
lO

3  reacts com
pletely to produce 

9.60 gram
s of O

2 ?
(1) 5.31 g 

(3) 34.11 g
(2) 14.91 g 

(4) 43.71 g

 36 W
hich equation represents conservation of atom

s?
(1) TiO

2  1
 2A

l 
 2A

l2 O
3  1

 Ti
(2) TiO

2  1
 4A

l 
 2A

l2 O
3  1

 Ti
(3) 3TiO

2  1
 2A

l 
 2A

l2 O
3  1

 3Ti
(4) 3TiO

2  1
 4A

l 
 2A

l2 O
3  1

 3Ti

 37 O
ne m

ole of brom
ine gas, B

r2 , has a m
ass of

(1) 35.0 g 
(3) 79.9 g

(2) 70.0 g 
(4) 159.8 g

 38 G
iven the equation representing a reaction:

2N
aC

l 
 2N

a 1
 C

l2

W
hich type of reaction does this equation 

represent?
(1) double replacem

ent
(2) decom

position
(3) synthesis
(4) single replacem

ent
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 39 W
hich statem

ent describes the charge and the 
radius of the m

agnesium
 ion form

ed w
hen a 

m
agnesium

 atom
 loses tw

o electrons?
(1) T

he M
g ion is positive and has a radius 

larger than the M
g atom

.
(2) T

he M
g ion is negative and has a radius 

larger than the M
g atom

.
(3) T

he M
g ion is positive and has a radius 

sm
aller than the M

g atom
.

(4) T
he M

g ion is negative and has a radius 
sm

aller than the M
g atom

.

 40 A
n 

oxide 
ion, 

O
2
2, 

has 
the 

sam
e 

electron 
confi guration as an atom

 of w
hich noble gas?

(1) helium
 

(3) argon
(2) neon 

(4) krypton

 41 W
hat is the vapor pressure of propanone at 

45°C
?

(1) 21 kPa 
(3) 70. kPa

(2) 60. kPa 
(4) 79 kPa

 42 B
ased on Table G

, w
hat is the m

ass of K
C

l that 
m

ust be dissolved in 200. gram
s of H

2 O
 at 10.°C

 
to m

ake a saturated solution?
(1) 15 g 

(3) 60. g
(2) 30. g 

(4) 120. g

 43 B
ased 

on 
Table 

I, 
w

hich 
chem

ical 
equation 

represents a reaction w
ith a heat of reaction that 

indicates a net release of energy?
(1) N

2 (g) 1
 O

2 (g) 
 2N

O
(g)

(2) N
2 (g) 1

 2O
2 (g) 

 2N
O

2 (g)
(3) 2C

(s) 1
 3H

2 (g) 
 C

2 H
6 (g)

(4) 2C
(s) 1

 2H
2 (g) 

 C
2 H

4 (g)

 44 T
he greatest increase in entropy occurs w

hen a 
1.00-gram

 sam
ple of w

ater changes from
(1) solid to liquid 

(3) gas to liquid
(2) solid to gas 

(4) liquid to solid
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 45 W
hich particle diagram

 represents one substance, 
only?

K
e
y

= atom
 of one elem

ent
= atom

 of a different elem
ent

( 1 )

( 2 )
( 4 )

( 3 )

46 B
ased on Table J, atom

s of w
hich m

etal w
ill lose 

 electrons to C
a

2
1 ions?

(1) alum
inum

 
(3) nickel

(2) lead 
(4) potassium

47 W
hich aqueous solution is the best conductor of 

an electrical current?
(1) 0.1 M

 N
aN

O
3 

(3) 0.01 M
 N

aN
O

3

(2) 0.2 M
 N

aN
O

3 
(4) 0.02 M

 N
aN

O
3

48 G
iven the equation representing a reaction:

2 1 H
 1

 3 1 H
 

 4 2 H
e 1

 1 0 n

T
his equation represents

(1) sublim
ation 

(3) fi ssion
(2) condensation 

(4) fusion
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 49 W
hich form

ula represents 2-butene?

H
HC

C
CH H

H
CH H

H

( 1 )

H
C

C
CH H

CH H
H

( 3 )

H
HC

C
C H

H
CH H

H

( 2 )

H
C

C
C

CH H
H

( 4 )

H
H H

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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 50 G
iven a form

ula representing a com
pound:H

HH C
C

C H
HH

H
OH

W
hich form

ula represents an isom
er of the com

pound?

( 3 )

H
HC

C
C

O
H

H
H

HC
C

O
H

CH H
H

( 1 )

H
HC

C
C

H( 2 )
( 4 )

H

H
H

H

HH

H
HC

C
C

H

H
H

O
OH

O
H
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51 E
xplain, in term

s of neutrons and protons, w
hy P-32 and P-31 are different isotopes of 

phosphorus.   [1]

52 D
eterm

ine the oxidation state of chrom
ium

 in K
2 C

rO
4 .   [1]

B
ase your answ

ers to questions 53 and 54 on the inform
ation below

 and on your know
ledge of chem

istry.

T
he fi rst four elem

ents in G
roup 14 are carbon, silicon, germ

anium
, and tin. T

hese 
elem

ents form
 com

pounds w
ith chlorine that have sim

ilar form
ulas. Tw

o exam
ples of these 

form
ulas are silicon tetrachloride, SiC

l4 , and germ
anium

 tetrachloride, G
eC

l4 .

53 State the general trend in atom
ic radius as these four elem

ents are considered in order 
of increasing atom

ic num
ber.   [ 1]

54 State, in term
s of electron confi guration, w

hy silicon and germ
anium

 both form
 

tetrachloride com
pounds.   [ 1]

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.
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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.

T
he equation below

 represents the reaction betw
een am

m
onia and hydrogen chloride.

N
H

3 (g)     1
     H

C
l(g)      

    N
H

4 C
l(s)

com
pound 1 

com
pound 2

55 E
xplain, in term

s of distribution of charge, w
hy a m

olecule of com
pound 1 is polar.   [1]

56 D
raw

 a L
ew

is electron-dot diagram
 for a m

olecule of com
pound 2.   [1]

57 Identify the tw
o types of chem

ical bonds in the product of this reaction.   [ 1]

B
ase your answ

ers to questions 58 through 60 on the inform
ation below

 and on your know
ledge of chem

istry.

A
 sam

ple of helium
 gas, H

e(g), is placed in a rigid cylinder sealed w
ith a m

ovable piston. 
T

he tem
perature of the helium

 is 25.0°C
. T

he volum
e of the helium

 is 300. m
illiliters and 

the pressure is 0.500 atm
osphere.

58 State, in term
s of the average distance betw

een the helium
 atom

s, w
hy the density of the 

gas increases w
hen the piston is pushed farther into the rigid cylinder.   [1]
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59 D
eterm

ine the volum
e of the helium

 gas w
hen the pressure is increased to 1.50 atm

 and 
the tem

perature rem
ains at 25.0°C

.   [1]

60 C
om

pare the num
ber of helium

 atom
s in the cylinder at a pressure of 0.500 atm

 to the 
num

ber of helium
 atom

s in the cylinder w
hen the pressure is increased to 1.50 atm

 by 
pushing the piston in.   [ 1]

B
ase your answ

ers to questions 61 and 62 on the inform
ation below

 and on your know
ledge of chem

istry.

D
uring a laboratory activity, a student places 21.0 m

L
 of hydrochloric acid solution, 

H
C

l(aq), of unknow
n concentration into a fl ask. T

he solution is titrated w
ith 0.125 M

 
N

aO
H

(aq) until the acid is exactly neutralized. T
he volum

e of N
aO

H
(aq) added is 

18.5 m
illiliters. D

uring this laboratory activity, appropriate safety equipm
ent is used and 

safety procedures are follow
ed.

61 E
xplain, in term

s of ions, w
hy the hydrochloric acid solution can conduct an electric 

current.   [1]

62 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 63 through 65 on the inform
ation below

 and on your know
ledge of chem

istry.

T
he table below

 lists the hydronium
 ion concentration and pH

 values of four different 
solutions and distilled w

ater. T
he pH

 value is m
issing for sam

ple 2.

H
y
d

ro
n

iu
m

 C
o

n
c
e
n

tra
tio

n
 a

n
d

 p
H

 V
a
lu

e
 fo

r F
iv

e
 S

a
m

p
le

s

S
a
m

p
le

 

N
u

m
b

e
r

S
a
m

p
le

 D
e
s
c
rip

tio
n

H
y
d

ro
n

iu
m

 Io
n

 

C
o

n
c
e
n

tra
tio

n
 

(M
)

p
H

 

V
a
lu

e

1
0.1 M

 HCl(aq)
1 3 10

–1
1.0

2
0.01 M

 HCl(aq)
1 3 10

–2
?

3
distilled H

2 O()
1 3 10

–7
7.0

4
0.01 M

 NaOH(aq)
1 3 10

–12
12.0

5
0.1 M

 NaOH(aq)
1 3 10

–13
13.0

63 D
eterm

ine the pH
 value of sam

ple 2.   [1]

64 Identify the ion released by the com
pound dissolved in sam

ple 4 that allow
s the 

com
pound to be classifi ed as an A

rrhenius base.   [1]

65 State how
 m

any tim
es greater the hydronium

 ion concentration is in sam
ple 4 than 

it is in sam
ple 5.   [ 1]
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B
ase your answ

ers to questions 66 through 68 on the inform
ation below

 and on your know
ledge of chem

istry.

B
oric acid, H

3 B
O

3 , is heated to produce tetraboric acid, H
2 B

4 O
7 , and w

ater. T
he equation

below
 represents the reaction to form

 tetraboric acid.

4H
3 B

O
3 (s)   

     H
2 B

4 O
7 (s)     1

     5H
2 O

(g)
 

boric acid 
tetraboric acid

T
he tetraboric acid is then used to m

ake borax, w
hich is used as a cleaning agent. B

orax, 
N

a
2 B

4 O
7

•10H
2 O

, is a hydrate w
ith a gram

-form
ula m

ass of 381 gram
s per m

ole. A
 hydrate 

is a com
pound w

ith w
ater w

ithin its crystal structure. B
orax has ten m

oles of w
ater for every 

m
ole of N

a
2 B

4 O
7 .

66 E
xplain w

hy the form
ula for tetraboric acid is an em

pirical form
ula.   [ 1]

67 D
eterm

ine the num
ber of m

oles of boric acid that react in the equation to produce 
10 m

oles of w
ater.   [1]

68 Show
 a num

erical setup for calculating the m
ass, in gram

s, of a 0.200-m
ole sam

ple of 
borax.   [ 1]

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.
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Q
uestions 69 through 71 are continued on the next page.

B
ase your answ

ers to questions 69 through 71 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 uses the lab equipm

ent show
n in the diagram

 below
 to determ

ine 
the heat of com

bustion of candle w
ax.

Can with water
Iron ring with wire gauze

Ring stand
Candle
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Q
uestions 69 through 71 continued

L
a
b

 A
c
tiv

ity
 R

e
s
u

lts

M
a
s
s
 o

f C
a
n

d
le

 

W
a
x
 B

u
rn

e
d 

(g)

M
a
s
s
 o

f W
a
te

r 

in
 th

e
 C

a
n 

(g)

C
a
lc

u
la

te
d

 

T
e
m

p
e
ra

tu
re

 

C
h

a
n

g
e
 o

f W
a
te

r 

(°C)

H
e
a
t A

b
s
o

rb
e
d

 b
y
 

th
e
 W

a
te

r 
(J)

C
a
lc

u
la

te
d

 H
e
a
t 

o
f C

o
m

b
u

s
tio

n
 o

f 

C
a
n

d
le

 W
a
x 

(J/g)

0.83
190.

39
?

37 000

69 State the num
ber of signifi cant fi gures used to express the value for the m

ass of the w
ater 

in the can.   [ 1]

70 State the direction of the heat fl ow
 betw

een the air and the w
ater in the can before the 

candle is lit.   [1]

71 D
eterm

ine the am
ount of heat absorbed by the w

ater.   [ 1]

H
eat of com

bustion is defi ned as the am
ount of heat released w

hen a know
n m

ass of 
a substance is burned and can be m

easured in joules per gram
. A

t the start of the activity, 
the m

ass of the candle and the m
ass of the w

ater are m
easured. T

he starting tem
perature 

of the w
ater is 5.0°C

, and the air tem
perature in the room

 is 22.0°C
. T

he candle is lit, and 
the w

ater is stirred w
ith a stirring rod. Several m

inutes later, the candle is extinguished, and 
the student m

easures the tem
perature of the w

ater in the can. W
hen the candle is cool, the 

student m
easures the fi nal m

ass of the candle. L
ab activity results are show

n in the table 
below

.
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B
ase your answ

ers to questions 72 through 76 on the inform
ation below

 and on your know
ledge of chem

istry.

A
 process w

as developed in 1912 to produce am
m

onia gas from
 atm

ospheric nitrogen 
gas and hydrogen gas. Iron can be used as a catalyst. T

he equation representing this system
 

at equilibrium
 is show

n below
.

N
2 (g) 1

 3H
2 (g)  

  2N
H

3 (g) 1
 91.8 kJ

72 State evidence from
 the equation that the forw

ard reaction is exotherm
ic.   [ 1]

73 C
om

pare the rate of the forw
ard reaction to the rate of the reverse reaction at 

equilibrium
.   [1]

74 O
n the labeled axes in your answ

er booklet, draw
 a potential energy diagram

 for the 
forw

ard reaction represented in this equation.   [1]

75 State, in term
s of m

oles of gases, w
hy the equilibrium

 shifts to the right due to an 
increase in pressure on the system

 at constant tem
perature.   [1]

76 State w
hat happens to the rate of forw

ard reaction w
hen the iron is added to this 

system
.  [ 1]
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B
ase your answ

ers to questions 77 through 79 on the inform
ation below

 and on your know
ledge of chem

istry.

B
efore the year 1828, it w

as thought that organic com
pounds w

ere produced only by 
living organism

s and that inorganic com
pounds w

ere m
ade from

 nonliving substances. U
rea 

is an organic com
pound. In 1828, a chem

ist heated am
m

onium
 cyanate and produced urea, 

w
hich is very soluble in w

ater. T
he equation below

 represents this reaction.

N
H

4 O
C

N
  

  H
2 N

C
O

N
H

2
 

am
m

onium
 

urea
 

cyanate

77 Identify the elem
ent present in urea that is present in all organic com

pounds.   [ 1]

78 C
om

pare the form
ula m

ass of the tw
o com

pounds in the equation.   [1]

79 State, in term
s of m

olecular polarity, w
hy urea is very soluble in w

ater.   [ 1]
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B
ase your answ

ers to questions 80 and 81 on the inform
ation below

 and on your know
ledge of chem

istry.

W
hen a voltm

eter is connected in the circuit of a voltaic cell, an electrical m
easurem

ent 
called voltage can be read on the m

eter. T
he voltage of the cell is affected if the concentration 

of the solute in the half-cells is changed. T
he diagram

, the ionic equation, and the graph 
below

 represent a copper-zinc cell. W
hen the sw

itch is closed, electricity fl ow
s through the 

circuit as the cell operates at constant tem
perature.

Cu(s) + Zn 2+(aq)

Cu(s) electrode
Zn(s) electrode

Salt 
bridge

Cu(NO
3 )2 (aq)

Zn(NO
3 )2 (aq)

Switch
Voltm

eter

V

W
ire

Cu 2+(aq) + Zn(s)

Q
uestions 80 and 81 are continued on the next page.
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Q
uestions 80 and 81 continued

0.5
1.0

1.5
2.0

2.5

C
e
ll V

o
lta

g
e
s
 a

t D
iffe

re
n

t C
u

2
+

  C
o

n
c
e
n

tra
tio

n
s

Voltage (V)

0

1.13

C
o

n
c
e
n

tra
tio

n
 o

f C
u

2
+ (M

)

1.12

1.11

1.10

1.09

1.08

80 B
ased on the graph, determ

ine the voltage of the cell if the C
u(N

O
3 )2 (aq) concentration 

is 1.5 M
.   [1]

81 W
rite a balanced half-reaction equation for the oxidation of zinc that occurs in this 

operating cell.   [ 1]
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B
ase your answ

ers to questions 82 through 85 on the inform
ation below

 and on your know
ledge of chem

istry.

Synthetic radioisotopes m
ay be m

ade by bom
barding other nuclides w

ith neutrons. 
T

he equations below
 represent a sequence of reactions converting stable iron–58 to 

cobalt–60, w
hich is used in m

edical treatm
ents.

E
quation 1: 

58 
26 F

e 1
 1 0 n 

 59 
26 F

e

E
quation 2: 

59 
26 F

e 
 59 
27 C

o 1
   0 
2

1 e

E
quation 3: 

59 
27 C

o 1
 X

 
 60 
27 C

o

82 State the neutron to proton ratio for an atom
 of the 58F

e  in equation 1.   [1]

83 State, in term
s of elem

ents, w
hy equation 2 represents a transm

utation reaction.   [1]

84 Identify the particle represented by X
 in equation 3.   [1]

85 D
eterm

ine the fraction of an original sam
ple of C

o-60 that rem
ains unchanged after 

15.813 years.   [ 1]
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