406 TEST 1

MULTIPLE CHOICE ANSWERS AND
EXPLANATIONS FOR PRACTICE TEST 1

10.

C. Ethanol, a covalent substance, does not ionize in watcet, so the pH is
approximately 7.

D. Acids react with carbonates to form carbon dioxide gas and water:
H*(aq) + HCO3 (ag) — CO,(g) + H,O(/)

A. Generally, anions are basic except anions of strong acids. Phosphate is a

base:

PO; (aq) + H,O(/) = HPO3 (ag) + OH" (aq)

A. Phosphate ion reacts with acid to form hydrogen phosphate, a base.
PO3 (ag) + H"(ag) — HPO3 (aq)

(Note: Hydrogen phosphate ion is amphoteric, and without more information,
it might be an acid in aqueous solution. However, sodium phosphate is the
only substance listed that has a possibility to be basic when acid is added.)

E. Ammonium ion reacts with hydroxide ion to form ammonia, a water-
soluble gas and water:

NH (aq) + OH"(ag) — NH;(ag) + H,O(/)

D. Generally, first ionization energy increases from left to right along a period
and from.bottom to top within a group.

B. Group 2 atoms have relatively low first and second ionization energies be-
cause their two valence electrons are well screened from the nuclear charge.
However, their third ionization energies are relatively high because the third
electron comes from a poorly screened inner noble 2as core and experiences a
high-effective nuclear charge.

A. Generally, electron affinity increases from left to right along a period and
from bottom to top within a group. However, chlorine has a higher electron
affinity than fluorine because (luorine's small size contributes to considerable
electron—electron repulsion,

D. The noble gases are the smallest atoms in their respective periods because
their valence electrons experience the highest effective nuclear charges.

A. Chlorine displays oxidation states of 1=, 0,14+,3+,5+ | and 7 +.

. C. The change in solubility of NaCl with temperature is minimal compared to

the others, indicating that solid NaCl dissolves in water with little or no heat
change.

- A. As temperature increases. the solubility of cerium sulfate decreases.

indicating that cerium sulfate dissolves exothermically. Adding heat to an
exothermic process will cause the reaction to shift toward reactants, in this
case decreasing solubility.
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E. The two driving forces that influence chemical and physical change are
a decrease in enthalpy and an increase in entropy. Most salts dissolve endo-
thermically, but the accompanying increase in entropy (randomness of the
system) overcomes the increase in enthalpy associated with an endothermic
reaction. All salts that dissolve endothermically [it into this category.

D. Carbon dioxide is a nonpolar molecule, held together only by London
dispersion forces. Sublimation is the process where a solid changes directly
into a gas. Energy is required to overcome the forces of attraction that hold
the molecules together in the solid phase.

- D. The liquid will continue to evaporate without stopping. The pressure will

rise until the partial pressure of the vapor equals the vapor pressure of the
liquid at the given temperature. At that point, a dynamic equilibrium is estab-
lished in which the rate of evaporation equals the rate of condensation.

A. The C==0 bond in trigonal planar acetone is very polar, making the mol-
ecule a strong dipole. The absence of H—0 bonds rules out hydrogen bond-
ing, but strong dipole—dipole interactions exist.

B. The balanced equation is 2Br,O4(g) — 2Bry(g) + 70,(g).

D. The only products obtained from the complete combustion are carbon
dioxide and water. The assumptions are that all the carbon in the sample is
converted to carbon dioxide and all the hydrogen in the sample is converted
to water. The amounts of carbon and hydrogen can be determined by measur-
ing the masses of carbon dioxide and water produced.

E. The molar mass of anhydrous CuSQ, is 159.5 g/mol. 15.95 g is 0.100 mol
CuS0,. 9.00 g of water is 0.5 mol water or 5 times as many moles of water as
copper(II) sulfate. The formula of the hydrate is CuSO, - SH,O.

- C. The molecular formula of a compound is an integer multiple of the empiri-

cal formula. The molecular formula, C4H,,04, is 3 times the given empirical
formula and has a molar mass of 132 g/mol.

- C. Atom Y loses three valence electrons to form a Y** ion. Atom Z gains two

" s P = ‘ i i =
electrons to form a Z=~ ion. The two ions combine to form Y,>Z5.

D. The reaction in question is the reverse of the given reaction and balanced
with half the coefficients. The change in enthalpy of the reaction in question
is half the value of the given reaction with a change in sign from negative to
positive.

- E. Ideal gases are assumed to be composed of tiny particles having no attrac-

tive forces. Therefore. the chemical composition will have no effect on their
behavior.

24. B. Temperature is a measure of average kinetic energy. Two gases at the same

temperature will have the same kinetic energy.
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- B. Nonideal gases are real gases with significant attractive forces between

particles and significant particle volumes. Low temperatures slow the par-
ticles sufficiently so that the attractive forces become more dominant, High
pressures crowd the particles S0 that their volumes become significant.

C. The balanced equation is O,(g) +250,(g) — 2504(g). Oxygen is the
limiting reactant, so twice as many moles of SO; can be formed from the
available moles of OXygen. At the same conditions of temperature and pres-
sure, liters are proportional to moles,

TLSO=1L0,(2L50,/1 L 0,)=21L

C. Ideal gases have insignificant volumes and no attractive forces, Deviations
from ideal behavior become greater for larger molecules with high attractive
forces. Water is 2 polar molecule with very large dipole-dipole interactions
and hydrogen bonds,

B. Effective nuclear charge increases from lef to right along any period.
Neither electron is screened from the charge of the two Protons on He, mak-
ing helium's effective nuclear charge double that of hydrogen, Consequent]‘y.
helium is smaller than hydrogen.

B. Generally, first ionization energy increases from left to right along any
period because the effective nuclear charge increases. However, galliums 3p
electron is screened by the 4s level and the 34 level, giving gallium a slightly
smaller effective nuclear charge than calcium,

C. Generally, clectmncgmivily increases from the lower left to the upper
right of the periodic table, Elements that are farthest apart along the diagonal
from lower left 1o upper right probabl y have the largest difference in electro-
negativity. Li and By also have large difference, but Rp has a lower electro-
negativity than does Li and chlorine's clccrmncgmiviry is larger than that of
bromine,

- A. Se has ten electrons around it, four bonding pairs, and two nonbonding

pairs. Octet structures can be written for all the others,

- A. Lewis structures show that the nitrogen molecule has a triple bond, the

OxXygen molecule has g double bond, and all the rest have single bonds,
Generally, triple bonds are stronger and shorter than double bonds, and
double bonds are stronger and shorter than single bonds.

- B. Carbonate is a planar ion, which is associated with g2 hybridization.
I 2~ hy

- E. Carbon dioxide has two polar bonds but its linear geometry causes the

dipoles to cancel. All the others haye polar bonds and nonlinear geometry.,

B. A linear plot of In[A] versus (ime is characteristic of a simple first-order
process. A simple second-order process would yield a straight line for 1/[A]
VETrsus time.
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« E.If just [Y]is halved, thep the initial rate would decrease by a factor of

(1/2)*= 1/4. To make the rate remain constant, [X] is quadrupled becayse
(4)!' =4

- B. An endothermic reaction has » higher activation energy for the forward

reaction than for the reverse reaction and the rae of reaction decreases with
increasing activation energy. The enthalpy of products for an endothermic re-
action is higher than the enthalpy of reactants,

- D.IF979, s decayed, 39 of the original sample remains, Three percent repre-

Sents the amount Jeft yfter about five half-lives: 100q, X x 17, x s
t 5 V= 3.1%. Five half-lives = 5 x 30 years = 50 years,

- A. The balanced equation is

Hgo + MI]O_;_ + 3N03 — 1'\/’[]()2 + 3]\[0_‘— + 2H +

C. An easily reduceq substance hag 4 large positive standard reduction poten-
tial, £°, and an easily oxidized substance has the highest oxidation potential.
Only reduction potentials are shown in the table and fluorine has the largest
standard reduction potential, so it jg Mmost easily reduceq. Aluminum g easily
oxidized becauge the reverse reaction of the oneg shown in the table has the
highest oxidation potential at + | 66 v

B. Reductjon of copper(ll) ions iy more favorable than the reduction of ajy-

minum ions becayse the voltage of the copper half-reaction jg more positive.
Therefore, the aluminum reaction wil| pe the oxidation and the sign of its

voltage wil] change from — o o
Cu**(ag) +2¢~ — Cu(s) E2=0337v
Al(s) = AP*(ag) + 3¢~ En=+1.66V
En=E, + Era=0337+ 166 = 200v

6y Generally, Protonated anions anq water are amphoteric. Amphoteric syb.-
stances can both donate and accept a proton, Protonated anions have protons
to donate and negative charges (hyt can attract protong, NH can donate a
proton, but because Jike charges repel, it is unlikely to dccept a positively
charged proton,

B. Phosphoric acid is a weak polyprotic acid, which ionizeg only slightly,
While all five of the listed species exist in solution, H;PO, exists to the great-
est extent,

D. KOH is 4 strong base, which dissociates completely in aqueous soly-
tion. HCl is a strong acid, CH;COOH s 4 weak acid and wegk electrolyte,
NH;NO, is o weak acid and Strong electrolyte, and CH;0H is o neutral
nonelectrolyte,

A.ln general, for similar formulas having the same central atom, acid strength
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A. Fluorige ion s the conjugate pyge Of the wey) acid, HE. The Solubility of
calcium Muoride Will incregge as pH decreases. because y low pH the avajl-
able projong will regeq Wwith the bysie fTuoride ion.

H" (ag) + Fag) < HF (ag)

Methanoy jg completely miscible i, Water and aJ te other chojces are jonje
CoOmpoungdy Containing only neufrq] Cations ang aniong,

D. The weakest acid has the Stronges; Conjugate base (Ky = K, x Ky,). At
the Cquivalenee Point, all thyg i leltis weqk base,

B. Al are baseg except NH}. It is unlikely thyy the already po}cirively chargeq
ammonium jop will aceept a protog,

B. Rcmoving Pij(g) Will slow the reverse reaction, Causing the forwarg
reaction (g pe faster thyy, the reverge 'eaction, The equilibripm, will shift right
and consyme PCl,. Adding Catalyst or an inert £as will ney ffect the posi-
tion of the equilibriypy,. The other responses will cauge the dmount of PCI; to
increase.

C. The cquh‘ibrium—cnustam EXpression cquals the rygje of the concentrations
of products 10 reactants, cach raiseq (¢ the Power of the coefficient thay bal-
ances the Cquation,

A K = NH; /[N, IH, ) = (2.0)%/(2.0 )(2.0)* =025

(Remempey that no caleulatorg are allowe( o the Multiple chpjee Section,
S0 the arithmetje fequired for complex quantitatjye problems jg re]al[iven‘y
simple. )

D. Temperatyre is the only Parameter thy, will change the value of the equi-
librium Constant, Dccreaising the emperatyre Wil favor the exothérmic

or, in thig case, the reverge eaction, The value of (he equilibriym Constant
wil] decregge becayge the reaction shifig left, Teducing (he amount of 7 g
reducing g Ke=[z]/x Iy

- C.Ap ICE taple would Jog) like this:

Hy(g) + I(g) — 2HI(g)

I 1.0 M LOM 0
8 oy sy 55
E b O-x oo

Ke=36 = (2v)%/(1.0 - VL0 -
If we take the square T00t of both gjdes of the Cquation, we obtain:
6= 2.1'/(!.0—~.r) Or6—Gr =29y, 0.750 = [H,]

D, Gcncrzlh‘y_. eJectr(mcgzztivily ncregsey [rom Jeft ¢, right along g period, The
noble pageg do not allract electroy, Pairs and are Not include in the treng.

A) AgCl(s) = Ag+(uq) +Cl (ag)
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Kp=18 x ro"‘“=[Ag*][crj

ility of AgCy.
Atequilibriyy, [Ag*]

Let y= molar solyp

=¥ [0
=ay 0.050)
r= (:.3/0.050) X 10710

1=0.0s0 T = 0,050 M
1.8 x 19-10

ationg of the jong 4
ntto form Jead{”) st

[Pb*] < 0.0020 M (19¢

e not sutficieng to form calcium Sulfate
are sufficje ifate.

=0.0010
[Ca’*] =< 0020 Mm (100/200) = 0.0010 p
[SOF ] = 0.002 pm (100/200) =0.0010 M
PbSO,(s) «

PbH( ag)+§ 07 7( ag)
Q = [pp2+ (503 ] = (0.0010)(0.00:0 ) =1x jp-6
P

sp < 0O, so PbS'OJ(.s') will form,

CaSO‘;(x) = Cay(aq) + SOf“(aq)

g=cety SO;"] = (0‘0010)(0‘0010) =1Xx ]9
Ko > 0,50 C;ISOJ(.\') Will not forn,

as just cight py otons in jig hucleus, tyq of which are screepeg
by its two Ls electrong, Its effectiye nuclear charg
cies listed

€ is the Smallest of (he spe-
58. Ca valid octey Structure

¢an be writgep for N,0.
59. B. As g reaction Contingeg

concentratjong of rege-
-any first-orger reaction,

| is constant gpg [B] doubleg, the
rate doubles, Meaning the o . eriments 2 and 3 show
that when b [A] and IB] double, the ryge increascs by a factor of 8. Doy-
bling [B] dccounts for 4 fac "2, 50 doubﬁng [A) aceounts for 4 actor of
4.7 herefore, the ex
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