


Chemistry 4-29

4.1

4.15

4.18

4.20

From a consideration of electron configurations, which of the following elements would you expect

to be most similar in chemical properties to strontium (5r; Z = 38)7

a) Rb b)Y c) Sc @ e) Ti

The principal quantum number designates the "\ DI\RECTLY vNNDEX Sr

a) shape of an orbital.

b)) main energy level in which an electron is found.

c) sublevel of energy in which an electron is found.

d) number of electrons allowed in a main energy level.
e) orientation of the orbital in space.

In any atom what is the total number of electrons which can have a principal quantum number of 5
and a secondary quantum number (1) of zero?

b) 4 s d) 6 e) 18

For a neutral atom of an element in its ground state, 35 electrons occupy the energy levels up to and
including the n = 4 energy level. If all electrons in the valence (outermost) p-orbitals are removed
by ionization, how many electrons remain in the resulting ion?

a) 18 b) 28 c) 20 30 e) 35

How many electrons does a phosphorus atom have in its set of valence shell p orbitals?

a) 0 b) 1 Q2 3 e) 10

An atom of an unknown element Q has a mass number of 31 and the nucleus contains 15 protons.
The element is

a) gallium Ga
b) sulfur S

@ phosphorus P
d) palladium Pd

e} Scandium Sc

An ion of an unknown element has an atomic number of 15 and contains 18 electrons. The ion is

P" b) Ar ) OF dy i e) S

MOLECULES

4.21

Consider the following statements about ionic and covalent bonds. Which statement is true?

¢ g MORE
a) In a covalent molecule, each atom is bonded to only two other atoms. & OND

b) An ionic bond is an electrostatic interaction localized between two definite ions of identical «- o1
electrical charge. . — NECETARY,

c) A cgvalent bond occurs when electrons are completely transferred from one atom to another. < IoMIC

When a covalent bond forms between two atoms with different electronegativities, the bond is
always polar. -

e) A compound never contains both ionic and covalent bonds.



4-30

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

Which one of the following compounds is classified as an alkane?

a) ethylene b) benzene @ propane d) acetylene e) ethanol

Which one of the following bonds is most covalent? (MOST SIMILAR. ELECTRoNE GATIVITME S)
a) MgCl AIP ¢) NaCl d) MgS " ) NaP

The sum of the oxidation states of all the atoms in a neutral molecule

a) must be a small positive number.

b) must be a small negative number.

@ must be zero.

d) can be either positive or negative, but not zero.
e) can have any value, including zero.

The oxidation state of an element bonded only to itself Cej S 1/>
IX1Cation statt T T

a) must be a small positive number. ' _PULEL. ¢ ShHARED BETWEEN UNLIXE
b) must be a small negative number. ATOIMS ARLE COuNTED wniTH
c) can be either positive or negative, but zero. THE MOLE EUSCTRONEGATIE
d) can have any value, including zero. = -
.)must be zeroy ; RULE 2. &7 Spacen CETWEEN LIKE
ATOMS  ALE  SHARBS toualy

The oxidation state of sulfur (5) in the icn 50,* is

s ot
a) 1+ b) 2+ ) 3+ + e) 6— 2

X+ 3(-2)°-2
A mole

Xz + 0y

a) is a unit of measurement applicable only to molecules.
b) equals the number of atoms in one gram of carbon-12.
c) equals the number of molecules in 20 liters of air.

is Avogadro’s number of anything.

e) equals the number of atoms in 22.4 liters of a diatomic gas.

Which statement is incorrect? '/'L-

/NZ

a) Avogadro’s number equals the number of molecules i one mole of nitrogen molecu és.
b) Avogadro’s number equals the number of atoms in ofe mole of nitrogen

Avogadro’s number equals the number of atoms in ohe mole ofnitrogen molecules.
d) Avogadro’s number equals 6.02 X 10%,

e) Avogadro’s number equals the number of one faraday of electricity (one faraday equals 96 500
coulombs -~ the charge carried by one mole of electrons).

An empty aluminum Coke can weighs 50 grams. How many moles of aluminum does one Coke can
contain? (Atomic weight of Al = 27) nd 1o

a) 1350 (b)1.85 1.0 X 10%  d) 3.0 X 10% e) 27



Chemistry 4-31

1.30 A 27gramsampleof oxygendifiuoride, OF,, contains how many molecules? {Atomicweights: O = 16,

Muw = /6 + 2(/@):54

@3'0 X 107 I £.02 xe0t? o~
b) 2 times 6.0 X 10% 279 Yaal® o — =
£ '{j wa |

c) 6.0 X 10* divided by 4

F = 19; Avogadro’s number: 6.0 X 10%})

12
3 %Xr0

d) 3.0 X 10* times 54
e) 12.0 x 10% Mw:l<13)*’(3z>+ L/(/G): 192
e

4.31 How many grams are there in 0.01 mole of Na,50.17 0.0(mole v I¥23 s /2 g
ot

a)7.1g b)14.2 g c)96¢g .42 g e)0.71 g

4.32  What is the volume at standard temperature and pressure of 16 grams of gaseous sulfur dioxide,

50,1 MW= 32 +2(6) Gy PPN B S
JXoq 25,61
9 et
a) 22.4 liters  b) 11.2 liters @5.6 liters d) 16.8 liters e} 64 liters
4.33  What is the percentage by weight of aluminum, Al, in alumina, ALO,? (Atomic weights: Al = 27,
= 16 = 2(/¢) 2/00 2.(27) S 4
O = 16) MW = 2(27) + 2(/e) 270 o = &t -2 _ 53y
/02 /92
a) 63 b) 37 ¢) 23 @53 e) 64
4.34 A certain compound consists only of sulfur (5) and chlorine (Cl). It contains 47.5 percent by weight
of sulfur and has a molecular weight of 135. What is its molecular formula? {(Atomic weights: S = 32,
Cl=1355 32 = y
32¢3%. Y 47,9/
) SCl . (b)sct o) 5:.Cl, d) $,Cl &) 5,CI
Zva(3s5) ) '
4.35 An unknown organic compound was analyzed and found to contain 34.6 percent carbon, 3.8
percent hydrogen, and 61.5 percent oxygen. Which one of the following compounds could the
unknown be? M C %
, - 2= 27,57
a) methanol CH,OH [(12) + ¢{i) ke = 32 12/2 -, >o/°
b) oxalic acid CO,H—CO,H 2 (1) * 2(1)tv@e) =% 2012) /90 2 2¢.7 ;o
¢) acetic acid CH, —CO,H P (:2,) 1) +JL(/(,):40 2(!1)/60 = 400 ‘u
malonic acid CO,H—~CH, - CO,H 3(n) + o LY+ YL)=/oM 3(’2)//0‘( =~ 340 &
¢} propionic acid CH, —CH, —CO,H 3( 1) + 6 (1) + 2//6\ <
REACTIONS

4.36 What is the expression for the equilibrium constant for the following system?

2NOCl(g) = 2NO(g) + Cli(g)

a) K = [NOJY[CL,]//[NOCI}? - feoduca

b) K = 2[NOIICL]/2[NOCI] = CTONTS
() K = [NOP(CL)/[NOCI]P Foewey Rxd s

d) K = [NOJCL}*/[NOCI)?

e) K = [NOCI/[NOPICL] peverse RxN

I

i



437 For the reaction of solid BaO with carbon dioxide according to the equation

BaOls) + CO,(g) = BaCO,(s), the equilibrium expression may be represented as

a) [BaCO,]/|BaQ] PROYWCTS fED 7
I/ICO;] &\V\__ M:(/

—~ SR I GWopE
3 (BaOJ[CO:/(BaCOs ) REACTANTS

) Z ’,C(O ] Sov
d) (COs) % 22 (D5
)

e) [BaCO;1/[BaO}[CO;| ]
4.38 Assume excess oxygen reacts with methane to form 14 grams of carbon monoxide according to the
equation 2CH, + 30, = 2CO + 4H,0. How many moles of methane will be consumed?
O MW= 12ri6=2¥
CHy (onS
a) 2.0 moles methane el g €O x wmale CO y 2 mele CHy
b) one-third mole methane 2 83 (o 2wyl COprod
¢} 0.25 mole methane
@O.S mole methane

e} 4.0 moles of methane

S 0s

4.39 What coefficient is required for NO, in order to balance the equation?

Zpb(NOJ)z - 2P0 + NO, + O,
2x2 =Y T _ 1

2) 0.5 b) 1 015 6r e) 10

4.40 What coefficient is required for H,O in order to balance the equation?

Be;N; + H;O had 3BQ(OH)1 + 2NH3
2x3°6

a) 1 b) 2 c)3 e) 18

4.41 In the following reaction determine the change, if any, that occurs in the oxidation number of the
underlined element, and whether the element is oxidized, reduced, or unchanged:

3Mg + Ni— Mg: N,

O O =3(42)+2("2)
a) from O to +3; oxidized

b) from 0 to —3; oxidized ] ' i

¢) from +3 to +5; oxidized 3ai = ~ g, TS
from 0 to —3; reduced 0 EHUCED

e) from +5 to +3; reduced

4.42 According to the equation 2Al + 6HC! —= 2AICI; + 3H,,

a) production of 1 mole of H, requires 3 moles of HC.
@production of 1 mole of AICI, requires 3 moles.of HCl.
¢) production of 2 moles of H, requires 2 moles of HCI.
d) production of 2 moles of H, requires 5 moles of HCI.
e) production of 4 moles of H, requires 2 moles of HCI.
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4.43  When crystals of sodium sulfate are dissolved in water, the resulting solution feels warmer. The

solubility of Na,5QO, could be increased by &
LoxoTnEentC

ot

a) increasing the temperature.

b) increasing the pressure. ¢ 0 GIWVE  OFF HOAT @ tow ’I‘CI“FJ
decreasing the temperature. CEV\S !

d) adding more solute to the solution.

e) stirring the solution.

4.44 Which of the following statements is false?
TS 1S
An exothermic reaction always goes faster than an endothermic reaction. ™ GKMO/ NBI
b) A catalyst provides a different route by which the reaction can occur. -
c) Some reactions may never reach completion (100% products). KN Encs
d) The rate of a reaction depends upon the height of the energy barrier (energy of activation).

e) The activation energy is independent of the energy of reaction.

4.45 In which one of the following reactions would an increase in the volume of the container cause an
increase in the amount of products at equilibrium? (All substances are gases unless marked

otherwise.) L4 LO0 KNG Fog (NCRERSE /N GASEDUS
MOLES

a) 2NO + SH; = 2NH, + 2H,0 & ~>

CH,CHO + heat = CH, + CO | =
c) SO, = S(s) + O, |
d) SO, + HF = HS0,(1) 2
e) C + H,O == CO + H, 1

Y
2
= )
> 0

- 2.
TNQRHMAWLY A

Soub;u:‘—?ﬂE/ it's
A GAS



98. The rates of most chemical reactions increase as
the temperature increases primarily because at
higher temperatures

(A) the ionic charge is higher

(B) the pressure is higher

(C) there are increases in the average distances
between atoms within molecules

(@thcre are more collisions involving

molecules with sufficient energy for
reaction

(E) the activity of the protons in the nucleus
1s higher

99. In electrolysis, the anions migrate to the anode.
Which of the following ions migrates to the  ay(DE

other electrode? _

(A) Acidic ions @ = @
(B) Basicions +

(C) Neutral ions Na—»

D) Zwitterions
Cations

CATHIDE

100. The statement that equal volumes of all gases
under the same conditions of temperature and
pressure contain very nearly the same number of
molecules is known as

Avogadro's law
(B) Boyle’s law
(C) Dalton’s law
(D) Gay-Lussac’s law
(E) Graham’s law

GO ON TO THE NEXT PAGE.

51



101.

2(733; 3(/&5;/92 :j

As;03+3C —-3CO+2As —

Atomic weights may be taken as 75 for arsenic,

16 for oxygen, and 12 for carbon. According to

the equation above, the reaction of | gram-mole
of As;Oy with carbon will result in the forma-

tion of

(A) | gram-mole of CO
(B) 1 gram-mole of As

(€)_ 28 grams of CO
(b

C )’ 150 grams of As

102.

(E) a greater amount by weight of CO
than of As

Ethane gas burns according to the equation

2C2H5+702—~4C02+6H20. What 4 ngle COL

volume of CO,, measured at standard
temperature and pressure, is formed for each 2
gram-mole of C,Hg burned? N

A) 224 liters -
B 44 8 liters

103.

104.

105.

A conduction of electric current

<

(C) 88.0liters
(D) 89.6 liters
(E) 176 liters

The tendency for reaction to occur is greatest
for those chemical reactions in which

(A)) a large amount of heat is evolved = ® ¢
a large amount of heat is absorbed

(C) a small amount of heat is evolved

(D) a small amount of heat is absorbed (

(E) no heat is absorbed or evolved

The valence (oxidation state) of manganese in
potassium permanganate, KMnO,, is

(A) 2 (BL+3 (C) +4
(D) +5 @H

Element number 37, rubidium, is found in
Group IA of the periodic table along with
sodium and potassium. One would expect
rubidium to exhibit all of the following
properties EXCEPT

(A) vigorous reaction with water liberating
hydrogen

(C)> formation of ions with a charge of +2
) metallic luster
(E) vigorous reaction with halogen

52

« 22.¢ L =Yg

”;(f Cy He, "’W’& (O, ’
V=) %VQ

- (=) eGPV o
A pusT €

K M O“f
(+r)+(><§ +4(-2) =0
y = 7

< & ""

GO ON TO THE NEXT PAGE,



107.

106. Which of the following.c.lcm_ents would NOT be 00 FA o -
expected to form a positive ion? — . P eyt DI C
. — . ]
(A) Lithium Sulfur 7 (C) Magnesium LGt O e LE
(D) Tantalum™— (E) Arsenic
3 A(g) =2 B(g) — Heat ENpoTHECMIC [ MOLES DECRBAST

The reaction above is at equilibrium. The yield
of B could be increased by

(A) decreasing the temperature but not by
decreasing the pressure

(B) decreasing the pressure but not by
decreasing the temperature

(C) decreasing both the temperature and

pressure
Q@ increasing both the temperature and

pressure
(E) adding a catalyst

53



24,

25.

26,

27,

28.

29.

30.

%%% It reacts with sodium vigorously to give NaAt.

M

Astatine (At, element no. 85) is in Group VIIA of the periodic table, as
are chlorine and iodine. Which of the following is not characteristic of
astatine? -

(A) It is a deeply colored, volatile substance.

It reacts with hydrogen to give HzAt. €

(D) It is less electronegative than chlorine.
(E) It is a weaker oxidizing agent than fluorine.

IT SHoued) BE HA:

Which of the following elements is least likely to form a negative ion?
. S A MEML
(A) chlorine (Cl, no. 17) strontlum (Sr, no. 38) ITS‘ y
(C) sulfur (S, no. 16) D) phosphorous (P, no. 15) S HORE LIKEL
(E) oxygen (0, no. 8) 7O fowx PosimvE
/ON
In the electrolysis of an aqueous solution of potassium bromide, what
species migrates towards the<?051t§v§>electrode (the anode)?
+ - o -

@ k' () "0 (©) H,0 Br (E)  KBr
In order to determine the number of moles of nitrogen in 3.7 liters of the
pure gas at STP, you would use
(A) the law of definite proportions. ‘fb Avogadro’'s law.
(C) the equilibrium constant. D) the periodic table.
(E) Gay-Lussac’s law.
The oxidation number (oxidation state or valence) of chlorine in potassium
perchlorate, KC10,, is K

4 N = x=2+7

(tU+ x+4(=2)= o0
(A) -4 (B) -1 (¢) o (D) +3 (E) +7
The fact that there are fewer collisions between molecules of gases at
lower temperature generally results in
(A) a smaller equilibrium constant, d§]$51smaller rate constant,
(C) Boyle’s law, D) a larger equilibrium constant.
(E) a larger rate constant.
Which of the following would increase the amount of the product in the
given reaction? = CATALYST
HCL
CH3OH + CH3C02H = CH3C02CH3+ HZO
(A) Addition of more CH3OH. (B) Addition of more CH3C02H.
_gzzZlAddition of more HCI. (D) Removal of HZO'

(E) Removal of CH3COZCH3.



31

32.

33.

_(B) Decreasing

M)

If the endothermic reaction given were at equi}ibrium, which of the
following would shift the equilibrium to the right?

Heat + Br,(g) + 2C1 == Cl,(g) + 2Br~ ENDOTHER ML
GASEOUS MOLES CONST

at constant T.
at constant T.
Increasing at constant V,
Decreasing at constant V.,
(E) Letting the reaction run longer.

(A) Increasing

[ e lavMia-]

Oxidation of propene with potassium permanganate proceeds as follows (not

balanced).  THERE /S NO NERD TO RALANCE THIS ToML RXN, qUST THE CARBON_

SO, + MnO,+ H,0

i_CH3CHCH2+ KMnOa+ HZSOA——e—apH3C02H +1C02(g) + K2 4 2 2

In the balanced equation, how many liters of CO2 would be formed from 1 mol

of propene? [ mole CO N 22'_v_.L =22 ¢
L veale propeme migrdy (O
(ay 1 22.4 (C) 44.0 (D) 44.8 (E) 89.6
(2

Iron reacts with copper sulfate according to the following (unbalanced)

equation: w C ‘ v
13:&&«ch 3 gaton Cy x(p3Y5 9

-

A Fe +3cusoa —_— Fe2(504)3+3Cu 2 gaton Fe g ahomlo

Atomic weights are Fe = 56, Cu = 63.5

will be formed from reaction of one gram-atom of iron with excess copper
sulfate? »

(A) 0.5 g-atom (B) 1.0 g-atom (C) 127 g 95 g (E) 56 g

=+ .

35.

36.

At the end of each of the next ten years, a payment of $200 is . At an
interest rate of 6%, what is the Present worth of the paym 57

(B) $200 (C) $1472 (D) (E) $2636

An amount is invested at interest rate i
F is the adcount balance after n compo
formula that relates F to P,

per compounding period.
ing periods. Select the

B F=p @+ DN )T p (14t () F =P (1 + niy
(D) F =P (1 + )P C<(E) F =P (L+ 1) ™
- — N

$12,000 is borrqypd/;ow at 12;\}n§erest. The first payment is $4000 and is

made 3 years frém now. The balance~of the debt immediately after the
payment {s_~ ™~

~ N
(A)/sadoo (B) $8000 (C) 812,000

-

(D) $12,860 (E) $16,860

~
~,
~.
~





