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chapter 11 — Equilibrium

<on equilibrium including equilibrium constants and determining th
) & the amount
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. nt(Q)ofa reaction
jer's principle .
hat is relevant t0 your understanding of questions in this chapter includ
; e:
previous Su,ichiomclr)' (Chapter 4) _
. |utions and Aqueous Reactions, Part 1 (Chapter 5)
So s Reactions, Part 2 (Chapter 9)

P 3 ~
E uilihrlum ca
Rcaclion uotic

- Chatl
o LEV 14
: qnalcna

golutions and Aqueou
- in your !c.\'thook: _ . i
frher® off nd dnri::’{;,is chapter lyplcally aligns to Fundamentals of Equilibrium Concepts” in your textbook
- mate i o
:\Tur‘ chapter(s) may vary: .
aclice exam: - ce exam questions gligned o the material in this chapter. Because there are a limite
pr clrcnf:fzn mz lpmctice exam, a review of the breadth of the material in this chapter is advzgl::];:cd p:;':::;’
fqucsho ‘-
(f‘or your €X
o< into the Dig picture: . -
Hnwrlgmrﬁﬁf'g; in this chapter aligns o the BIE Idea of Equilibrium (8) as listed on page 12 of this study guide
4 ) ‘.
study Questions (SQ)
1 What is the equilibrium expression fo'r this reaction? .
v Ni(CO), (g) = Ni(s) +4CO(g)
cof - [ni)[co]’ ~[Nico) -
i =’["‘L S g '][c Lo« =——"-] ) K |
[Ni(CO),] [Ni(CO),] [co) ol
Knowledge Required: (1) HOW 10 determine an equilibrium expression from a balanced equation.

termine the equilibrium expression for a given reaction. The
sider the concentrations of the materials when constructing the
equilibrium expression. An equilibrium Fonslanl is defined as the concentrations of products raised to a value

cqual to their stoichiometric coefficient in a balanced chemical equation divided by the concentrations of reactants
raised o a value equal to their stoichiometric coefficients in a balanced chemical equation. Because the
concentrations of solids and liquids do not change measurably, both are not included in the equilibrium

expression. Therefore, when the concentration of gaseous or solution products are raised to their power you have a
aumerator of [CO)Y; likewise for reactants, when the concentration of gascous or solution reactants are raised to

f [Ni(CO)a). Combined, the numerator and denominator are Choice (A)

it includes a solid in the expression.

actants in the numerator and the products in the

Thinking it Through: The question asks you de
answer options are in K. therefore, you will con

their power you have a denominator o
Choice (B) is not correct because
Choice (C) is not correct because it has the re

denominator, which is reversed.

Choice (D) is not correct because ¢ inverse of the balanced |

it includes a solid in the expression and 15 th
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n as written.

chemical equatio
Q-l. PQ'Z. PQ‘-‘- PQ’40 PQ‘Sn PQ'6- PQ'74 PQ's’ PQ-9, PQ-]O. and

P

PQ-11 —
SQ-2. Given the reaction and ¢q 250,(@) = 250, (2) + 03(8) K. = 23%10”

{ for this reaction at the same temperature?

S0, (g) = SO, () * 10,(g) K= 9

Practice Questions Related to This:

What is the equilibrium constan

(A) 12107 (B) 4.6x107 (C) 4.8x10™ (D) 4.3x108

Knowledge Required: (1) The relationship between a balanced equation and an equilibrium constant.

asks you to determine an equilibrium constant for a given balanced chemica

equation given a constant for a related balanced chemical equation. You note that the chemical equation for whjcp,
vou are to determine an equilibrium constant is halved compared to the chemical equation for which the
y is known. You can write the equilibrium expressions then for both equations and compare:

equilibrium constant 1 ;
_[so.][0.]

[so.]'

Y

] [s0,][0,]* ..x
= -0, K=t 222 _=K72=yK

SO, (g) = S0,(g) + 20.(3) [50,] J

Thinking it Through: The question

250, (g) = 250,(g) + 0,(2)

When the reaction is halved, the equilibrium constant is raised to the 0.5 power (or the square root). Thus, the
equilibrium constant needed is (2.3 10-7)%5 or 4.8x10~*, Choice (C).

Choice (A) is not correct because it is the known equilibrium constant divided by 2.

Choice (B) is not correct because it is the known equilibrium constant multiplied by 2.

Choice (D) is not correct because it is the inverse of the known equilibrium constant.

Practice Questions Related to This: PQ-12

SQ-3. Consider the equilibrium reactions:
250,(g) + O,(g) = 250,(g)  Ki
2C0(g) + 0,(g) =2CO,(g) K
What is the equilibrium constant, K, for this reaction?
250, (g) +2CO,(g) = 2S0,(g) + 2CO(g)

K K
Pou | 2L =|2 —K x =x .1
(A) (Kz ] (B) [ K, ) (C) K=K, xK, (D) K=K+ B

Knowledge Required: (1) How to combine multiple chemical reactions and their respective equilibrium constants
to form a new reaction and constant.

Thinking it Through: The question asks you to determine the equilibrium constant for a chemical reaction that
rcsull§ from the combination of two reactions with given equilibrium constants. First, you note that in order to
combine the given reactions, the second reaction must be reversed; therefore, the value of the equilibrium constant
for the reverse reaction is the inverse of the given K or Ky "

250,(g) + 0,(g) = 250,(g) K
2CO, (g) == 2CO(g) + O, (g) K
250, (g) + 2CO, () = 2S0,(g) + 2CO(g) K, x Ky

!hc desired reaction is now the sum of the first reaction and the inverse of the second reaction; when reactions are
summed, the new equilibrium constant is the product of the two known equilibrium constants or K% K>' for the
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‘ ¢ the reactants and pmfiuc(s reach equilibrium, th
50“ C et ﬂf‘:i\lic cquilihrium constant, K, for the reaction? , the flask contains 6.00 moles of
what ¥ o
0.
o 03 (B) 0667 (©) 150 ®
. — ) 3.00
) ) How to d tcnmn.c‘an. equilibrium expression fr
e e Rtl'qb'::l’l ‘;ﬂ ounts from an equilibrium expression. om a balanced equation. (2) H
| (s equil! : i
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alov gestion asks you to determine th ilibri
pongh TS L P .
e T e species present before equilibrium, and the amount of 0 nstant given a chemical reacti
of the e told {hat there ar¢ 12.0 moles of Z initially, and 6 ne species after equili il
nts will change becausie 'OO'mOIeS ai¥at eq“i(:'bI !b"Um "
you begin with only productl (num, You then
so the chan
ge for

sli"v‘.o . negall"c g
Z\‘,I:io ey of the palanced €4
40 gized 112 table X
o 2 + 2Y =
[nitial 0 0 =
et 8 i 12.00
Fquilibium ¥ 6.00 =
: 12.0 - 2x
oW you " see that YO have an equivalency of 2x = 6.00 or x = 3.00. Using thi
| values in the table: g this value for x, you
X + 2Y i » you can complete
Initial 0 0 o L
Change +3.00 2(3.00) 200
I 3.00 6.00 _2é3630)

younow have
divide eac

ofthe produc
you can then

7T :

o GOMP

Practice Questions Related to This: PQ-15 and PQ-16
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: g 10t © " rect bect e
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i 1 of the two constants; however, wh

, when reacti
actions
s are

- X:(g) TR = 27(g). 12.00 moles of Z are pl
placed in an evacuated 2.00

v the amou
11 be positi
positive) and the amounts of these changes f
es from the

ou knO a
e for Xzor Y Wi
uation (an i
ation (an increase of 2x because the coefficient for Y is 2
is 2, etc.). Thisi
.). This is best

Equilibrium
all of the molar amounts of the substan
p i ces at S H o
h value bY 200 L (g“’e"f'[? the problem):  [X2] =eﬁlslgl:;um.[$f obtain the molar concentrati
e of K, you write 2 s =3.00M e ations, yo
n equilibrium expression for this reaCIio,[,Zu]S.— 3.0}:) M you
ing the concentrati
on

he valu
its coefficient divided b i
y the concentrations of the reactants raised
sed to their coeffici
icients;

he equilibrium concentrations and calculate K:

To determine t
{ raised to
substitute t
K=———3"
XY s
Choice (A) is not [ 2][b] s M08 M)2 1.50 0.667  Choice (B)
: correct because it is d ; :
Choice (C) is not correct bec P etermined using mol
5 : ause it is determi : es and not mola ;
Ch D | ermined . r COnc
oice (D) is not correct because it is determined 32:22 tr:gllensverze zf K. entrations.
and the inverse of K

0.

Phosgene decom 2
; poses into carb .
COCh(g) is 0.50 M, what is theilﬂiﬁﬁﬁﬁ'f and elemental chlorine. If the initial
concentratio g itial concentrati
COCl S n of CO(g)? ion of
2(g) v—CO(g)+C|2(g) K. =i)_6x|0 8

(A) 1.8x10*M
(B) 9.1x10°M (€) 1.7%10*M (D)
6.6¢10° M
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e Required: (1) How to write an equilibrium expression from a
An:r‘m \fm expression to find equilibrium amounts.
equ

it Through: The quv.:slio_n gsks you to determine l‘h,: equilibrium CONCentray:
only the reactant is present before it is nllqwcd to reach cqmllbrlum, You can b Tatiop, apy

' ‘olume and therefore concentrations are propom.olnnl to amount, me thy, Oy,
constant ;cgi“ by setting up a table of initial-change-equilibrium conce,

balan
Ced cqumio“. Oh
R o toy,
Thinking

trationg, Initi

e : i sed to determine the changes ; ong ¢
i n the question. Mole ratios are used to ¢ ges in con ial cop, ' e
src\l\::xjﬁv;d by tge addition/subtraction of the initial and change valyes: Centratiop, Equeiri:a.t")ns g i
cos: e - cl " Vg
Initial 0.50 M 0 02 g
Change =X +x s
Equilibrium  0.50 —x X xx
The equilibrium expression for this reac}ion is the conc.entratign of products raised tg .
divided by the concentration of the starting material raised to its respective coefficien;. eir resptctive
K = [COJ[CL,] : i
©[cocl,) Iy
You then substitute the values obtained into this expression:  6.6x10™* = m
0.50- x
2
-8 _ X
And simplified further to: 6.6x10™ = 050—x
At this point, you may be inclined to continue the algebra to set up the e, uati
equation. However, you also know you may be able to simplify the process. Tht:l v:I::;n 10 Use e QUadryy:
constant is very small. You know this means that most of the species at equilibriym, i of the eqUilib,ium"c
small quantity of products if you began with oply reactants (which you did). Thorefire T€actantg ith gny
change to the initial concentration of COCl will be very small, leaving the initial COnce’n):ou~ N note lhaty Bvery
essentially unchanged or: Tation (0.50 M) any
COCl, = CO a1
2
Initial 0.50 M 0 =
Change -X +x b4
Equilibrium  0.50 —x= 0.50 x
Which then makes the equilibrium expression: 6.6x107% = m o m
0.50-x 0,50
Which can now be solved without the quadratic equation:
_(WE_~ J6:6x10%)(0:50) -
66x10% == (6.6x10°)(0.50) = x x=18x]0
Of course, you also know there is nothing wrong with continuing from before and setting up the equar:
using the quadric equation: quation ang

6.6x10(0.50-x) = x* X' +6.6x10™ (x)=3.3x10 = ¢

The quadratic equation can then be used to determine possible values of x: +1 8x ]
concentrations of the products cannot be negative, x must be equal to +1.8x 104
CO is 1.8x10* M, choice (A), which was the same answer you obtained using t

- Given that the

and thus the final ¢

he approximation,

Note:  You can check your approximation by using the value of x you calculated and using this in the
equilibrium expression to calculate K. ~ the value will be the same as given if the approximation can be
used. You can also approximate in the reverse if the value of K. is very large and you only begin with
product (so the change to the product concentration will be small).

Choice (B) is not correct because it would be the answer if *(2x)*” was the numerator of K.
Choice (C) is not correct because it would be the answer if “2x” was the numerator of K.
Choice (D) is not correct because the final concentration of CO is not the value of K..

Practice Questions Related to This: PQ-17, PQ-18, and PQ-19

oncentration of
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— w
—— - with Bra(g) and Clx(g) at 25.0 °C: \
T equilibrium 2BrCl(g) = Br,(®) + Cl(g)  K,=0130
prl

) °C, I(g) has a partial
tainer at 25.0 °C, BrC .
> Iy, in 8 clos;:‘;(;T pressures of 0.800 atm. What is the p,
ally: e
~h hav ebeum?
ce c::aches equilibriu . .
gyste™ g atm R 10 %m (D) 121 atm
04!
A

1y How 10 determine K, from a balanced equation. (2) How to calculate equilibrium partial
ired: (1) )

pressure of () 4

00 atm
artial pressure ¢ A Brz(g) and

- fBrCi(g) once the

g™ fro :on asks you to detcrmine.lh.e partial pressure of a

! ‘“é“"‘ ongh: The ?:rci;:l:ﬂd products. Because this is a'closcd system, p.
. ying i ot qarting M3 es in partial pressures are proportional to changes

;““m s o:nd “herefore ;h::$ the reaction proceeds, you calculate a value of Q
- oant 2 hic

o™ 7o decide ™

estion” (P, )o(Fa,)o _ (0.800)(0.800) -
q =

—2=16 (K. =0130
P (040) (K, =030

i i the left.
.. the reaction will go to t e g
is greater ‘h?“ut'by setting up a table of initial-change-equilibrium (ICE) partia) pressures, Initia
you then contint ded in the question. Your decision earlier that the
rovl

Your. r reaction will proceed to the left is
il preﬁurfslcE table by the negative (-) signs in the change line for the producs ang e Positive (+) sign for
part od in the
t

Species given iitial partia|
artial pressures are proportiona]

gIVen species.
al pressures given in

in moles of 3
using the initj

indica ¢ to determine the changes in partial pressures (so *+2x for 2BrC] ang ~1x fi
e rtaf";:o]e mﬁi’;l aur:s u:;dde‘emined by the addition/subtraction of the initial and change valyes. Sas
hAum
o) Equilion” 2BrCl(g) = Bro(g) Clyg)
Initial 0.400 atm 0.800 atm 0.800 atm
Change e — -t
Equ“ibﬁum 0.400 + 2x 0.800 — x 0.800 - x

ion for this reaction is the partial pressures of products mised_ o their respective coefficients
K expression ial pressure of the reactant raised to its respective coefficient:
s the part
dmed by

P, Br, F Cl
P - PZ
Bl
‘tute the values obtained into this expression:
you then substitute o (0.800- x)(0.800 - x)

(0.400 +2x)’
The expression is then further simplified: (The perfect square is used in the simplification.)
“ (0.800-x)’ 0130_(0.800—::)2
130 = Ae—— 130 =
! (0.400 +2x)’ 0.400+ 2x
Jo.130 = (%‘T’) 0.361(0.400 + 2x) = 0.800 - x
g gt % 4

0.144+0.722x = 0.800 - x 1.722x = 0.656

x=0.381
Replacing this value of “x™ into the table, we determine the partial pressures at equilibrium;
2BrCl(g) = Bra(g) Cly(g)
Initial 0.400 atm 0.800 atm 0.800 atm
Change +2(0.381 atm) - (0.381 atm) -(0.381 atm)
Equilibrium 1.16 atm 0.419 atm 0.419 atm

Thus, the equilibrium
L Choice (A) i

partial pressure of BrC I(g) is 1.16 atm, Choice (C).
S not correct because it is the partial pressure of either product.
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orrect because the answer comes from adding one-half of x to the initia)

~ ¢ (B)1s not ¢ . F
Choice (B) confused with subtracting one-half of x from ejy

Partia]
of BrCl(g) instead of a full x; this is likely i
ressure to determine their equilibrium partial pressures. Producy

Choice (D) is not correct because Ky did not include the “2” exponent for the partial Pressure of 4,
e

prcuurc
partial p

reactant.
Practice Questions Related to This: PQ-20 and PQ-21

SQ-7. Which will drive the equilibrium to form more Cu(s)? \

Cu,O(s) + CO(g) = 2Cu(s) + CO,(g)
(B) remove COx(g)

(A) remove CO(g)
(C) add a catalyst (D) increase the volume of the Container

Knowledge Required: (1) Le Chatelier’s principle.

Thinking it Through: The question asks you to determine what wou[d influence the equilibrium such that more
product is formed. Le Chatelier’s principle would suggest that removing a reactant would lead to the formation
more reactants: therefore, choice (A) is incorrect. Adding a catalyst, choice (C). would result in the rate of the -
reaction changing without impacting the position of equilibrium. Le Chatelier’s principle would suggest that
increasing the volume would favor the side of the reaction with more moles of gas: however, there is the same
number of moles of gas for both the reactants and products of this reaction, and choice (D), therefore, is incorrect
Finally, Le Chatelier’s principle would suggest that removal of a product would lead to the formation of more
product; therefore, choice (B) is correct, i.e., “remove COx(g)” would lead to the formation of more Cu(s).

Practice Questions Related to This: PQ-22, PQ-23, PQ-24, PQ-25, PQ-26, PQ-27, PQ-28, PQ-29, and PQ-39

Practice Questions (PQ)

s PQ-1. When the reversible reaction Na(g) + Ox(g) = 2NO(g) has reached a state of equilibrium,
o"f (A) no further reactions occurs.

(B) the total moles of products must equal the remaining moles of reactant.

(C) the addition of a catalyst will cause formation of more NO.

(D) the concentration of each substance in the system will be constant.

PQ-2. Xenon tetrafluoride, XeFs, can be prepared by heating Xe and F» together:

Xe(g) + 2F, (2) = XeF,(g)
What is the equilibrium constant expression for this reaction?
) g XL ® g -XEl  (© g XE] () p _XeE]
© [Xe]lF] © 2[Xe][F,] T [Xel[R T © [XeE)

A PQ-3. What is a proper description of chemical equilibrium?
M (A) The reaction has stopped.
(B) The concentrations of products and reactants are equal.
(C) The rates of the forward and reverse reactions are zero.

(D) The rates of the forward and reverse reactions are the same.
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for this reaction?

/

E ll"ihl'lum

pQ-4. What is the Ke P,(s) +()C|z(g),—_h4pC|‘(g)

: ® k- pay
Ay K ey TR ] K =] .
‘ (CL.F [P.JIC1,] ar ™ k. %
1]
pQ-5. What s the Ky for this reaction? 250, () = 250,(g) + 0 (g
(A) P“:\ R’: ®) PVL R). (C) (2PV| )1 R (D
Ky =75 R K==l O 0 e
s0, 50 (zpm’ ) K = T
S0,
pQ-6. What is the equilibrium expression for this reaction? 20 o
[CO] [COf (5)+0,(g) = 2CO(g)
A) K, = ® k=0 p__[200] :
[€(0.] [CF[0,] “~Ra0] @) x _[CO]
2

[0,]
(A) extent of a reaction.
(B) direction of a reaction.
(C) time required to reach equilibrium.
(D) quantity of reactant(s) remaining at equilibrium.
PQ-8. Chemical equilibrium is the result of
(A) a stoppage of further reaction.
(B) the unavailability of one of the reactants.
(C) opposing reactions attaining equal speeds.
(D) formation of products equal in mass to the mass of the reactants,

PQ-9. The.ph({losymhetic Fonversion of CO; and O, can be represented by the reaction shown. What is the
equilibrium expression for this reaction? 6CO,(g) + 6H,0() = C,H,,0,(s) + 60,(g)
@A) g _ICOTICH,0,]

c ® g (0T
[0, F'(H,0F K="o.r
© k =IOl ™ g 10T
[CO, FIC,H,,0,] “~[co,T

PQ-10. Which statement best describes general equilibrium?
(A) Equilibrium is reached when the reaction stops.
(B) There is only one set of equilibrium concentrations that equals the K. value.
(C) At equilibrium, the rate of the forward reaction is the same as the rate of the reverse reaction.

(D) At equilibrium, the total concentration of products equals the total concentration of reactants.
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PQ-11. For this chemical reaction at 25 °C, the concentration of the product is the con
' | C,H,(g) +H,(g) =C.H Y °°mrntio,,
reactants at equilibrium. JH. (g @ =CH, @) K= 3xqu of

(A) less than
(B) equalto
(C) greater than

(D) s not able to be compared to

PQ-12. In which case does K. = X,,?
(A) 2A(g) + B(s)=2C(s) + D(g)
(B) 2A(g) + B(s) == C(s) + 2D(g)
(C) 3A(g) + B(s) = 2C(s) + 2D(g)
(D) K.and K are equivalent in more than one of the above
PQ-13. Given the equilibrium constants for these reactions:
dp’”ﬂ‘ 4Cu(s) + 0,(g) = 2Cu,0(s) K

2CuO(s) = Cu,0(s) + 10,(g) KX
What is the value of K. for this reaction?

G

€

2Cu(s) + 0, (g) = 2Cu0O(s)
A VK ® K, (©) (D)
K, Ve, VKo <k, Ko xk,,

PQ-14. Given the equilibrium constants for these reactions:
2CH,(g) = C,H,(2) + H,(g) K.=9.5x10-3

CH,(2)+H,0(@) == CH,0H(g) + H,(g) K. =2.8x]02
What is the value of K. for this reaction?

2CH,OH(g) + H,(g= C,H,(g) + 2H,0(g)
(A) 9.5x10°"3 (B) 2.9x10° (©) 3.4x108 D) 1.2x10%
PQ-15. Carbon monoxide gas reacts with hydrogen gas at elevated temperatures to form methano.

CO(g) + 2H, (g) = CH,OH(g)

When 0.40 mol of CO and 0.30 mol of H; are allowed to reach equilibriumina 1.0 L container, (.06(
mol of CH;OH are formed. What is the value of K.?

(A) 0.50 (B) 0.98 © 1.7 (D) 54

PQ-16. At equilibrium in a 10 L vessel, there are 7.60x10-2 moles of SO,, 8.60x10-2 moles of O, and
8.20x1072 moles of SO;. What is the equilibrium constant K. under these conditions?

280, (g) + 0,(g) = 250, (g)
(A) 125 (B) 135 (©) 125 D) 135
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i
:‘ e of 2.0 mol of CO(g) and 2.0 mol of H:O(g) was allowed to come to equilibrium in a 10,0-1_

| pQ-17: iT?E:: high tempfm“ff‘('fo(’\'cg;" }‘; (‘;’(hga: ; ﬂéeor:*(o:;rf;r:igmlmn of Hx(g) in the equilibrium
| A) 067M (B) 0.40M (©) 020M D) 013 M
pQ-18 :::dlignL ;3‘;;;2‘5&::&&7;3 (mK(:l:(f)T(z) :r:dz 80%% g;ol of O at 2000°C, what is [NO] after the
N. () +0,(g) = 2NO(g)
(A) 0.034M (B) 0.060 M (©) 0.079M i G
pQ-19. For the reaction, A(g) = B(g) + C(g),

5 moles of A are allowed to come to equilibrium in a closed rigid contain i
much of A and B are present if 2 moles of C are formed? £ er. At equilibrium, how

(A) 0O molesof A and 3 moles of B (B) 1 mole of A and 2 moles of B
(C) 2 moles of A and 2 moles of B (D) 3 moles of A and 2 moles of B

pQ-20. The equilibrium constant, K. = 3.8x105 for the reaction,

/’ 1,(®) = 2l(g)
What is the state of the system if [Ix(g)] = 1.0 M and [I(g)] = 1.0x10-3 M?
(A) The system is at equilibrium.
(B) The system is shifting towards products.
(C) The system is shifting towards reactants.
(D) There is insufficient information to describe the status of the system.

F(g) in their standard states. If K;, = 7.55x1072 at this temperature, which statement is true?
(A) Q < K, and the reaction proceeds towards the reactants.

B) 2<K and the reaction proceeds towards the products.

/ PQ-21. For the reaction: ;F,(g) = F(g), a reaction mixture initially contains equal amounts of Fx(g) and

(©) Q = K, and the reaction is at equilibrium.
(D) ©> K, and the reaction proceeds towards the reactants.

PQ-22. Consider this reaction at equilibrium.
/" 2S0,(g) + 0,(g) = 2S0,(g) AH=-198k]
Which change would cause an increase in the SO; / SO; mole ratio?

(A) adding a catalyst (B) removing Ox(g)

(C) decreasing the temperature (D) decreasing the pressure
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for this reaction

208 K. the equilibrium constant
y= H,0(D

23. At
(f‘"’m H,(g)+ 10.(8

£ 1.0 at equilibrium.

(A) hasa value ©
H,O(g) .

e K for Hy () * 10.®)=
¢ data on O; and H are not provided.

for H,(g) + +0:(2) = H,0(g)

(B) 18 larger than th

(©)
(D)

cannot be computed sinc

will have the sam¢ value as the K

both the position of equilibrium and the value of the equilibrium ¢
Onstany

pQ-24. Which factors will affect
N,(g) +3H; (@)= 2NH,(g) AH=-92KkJ

/ for this reaction?
sing the volume of the container (B) adding more nitrogen gas

(A) increa
(C) removed ammonia gas (D) lowering the temperature
PQ-25. Consider this reaction carried out at constant volume.
f 250, () + 0,(@) = 250,(8)  AH=-1981]
The concentration of 0Ox(g) at equilibrium increases if
(B) SO; is added to the system.

(A) SO:is added to the system.

em is lowered. (D) an inert gas is added to the system

(C) the temperature of the syst
equilibrium in the exothermic reaction

PQ-26. Oxygen and ozone are allowed to come to
20,(g) =30,(8)

Which change will increase the numerical value of the equili
(B) adding a suitable catalyst

brium constant, K?

(A) adding more Ox(g)
(D) increasing the volume of the container

(C) decreasing the temperature
osed container. What happens if the volume of the contaip
er

PQ-27. This reaction reaches equilibrium in a cl

/ is decreased at constant temperature?
CH,(g) + H,0(g) = CO(g) + 2H,(g)

(B) The equilibrium constant increases.

(A) No change occurs.
(C) The reaction shifts towards products. (D) The reaction shifts towards reactants

/ PQ-28. For this equilibrium, what changes will favor formation of products?
N,(g)+3H,(g) = 2NH,(g) AH=-92k]

(B) decrease temperature, decrease pressure

(A) decrease temperature, increase pressure
(D) increase temperature, decrease pressure

(C) increase temperature, increase pressure
PQ-29. The table to the right gives the relative concentration of reactants X + 7 =
— X

300K 0.7 0.3 0%

]

M and products at equilibrium for the generic reaction at two
temperatures. The equilibrium constant is S00K 1.0 0.6

(B) larger at 500 K than at 300 K.

(A) negative at 500 K.
(D) the same at 500 K and at 300 K.

(C) smaller at 500 K than at 300 K.
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Chapter 12 — Acids ang Bases

Summary’ s on acids and bases including acid-base " .
- zcr.“‘l;'“::;c‘;‘“ and pOH for a given acid gissocration.m(’dels‘ determining an acig dissociation
. Cah:;p,cg covered in this chapter are:
Acid-base models (Arrhenius, Bronsted-Lowry, Lewis)
pH and pOH » .
Conjugate acid-base pairs
Titrations and neutralizations
e Buffers
jous material that s relevant to your understanding of questions in this cha
Prev o Solutions and Aqueous Reactions, Part 1 (Chapter 9
e Solutions and Aqueous Reactions, Part 2 (Chapter 9)
e Equilibrium (Chapter 11)

. and C2
L\’ns gra:ﬂlf

pter include:

n.prewnlarions used in questions related 1o this materiq]-
= ’
Commo

Used i quesions refaed ig

_ ; fitr
" Titration curves trations and buffers

1 T —
0 20 20 60

volume NaOH added (mL)

, this in your textbook: _ . oyl
%e;e'h’cor{:an:icﬁal in this chapter typically aligns to “Acid-Base Equilibria” in your textbook. The name of your

chapter(s) may vary.
Practice exam:

re are practice exam questions aligned to the material in this chapter. Because there are a limited number
: Th:i ons on the practice exam, a review of the breadth of the material in this chapter is advised in preparation
0 unS

for your exam.

 thi into the big picture: . . ‘ |
Hon‘l":: ﬁ;:l:; in thi;g cﬁxaptcr aligns to the Big Idea of Equilibrium (8) as listed on page 12 of this study guide.

Study Questions (SQ)

SQ-1. Which set represents a conjugate acid/base pair?
(A) HCIO/HCIO; (B) H,POs/HPOs  (C) H;0'/OH- (D) NCI/NCIly

Wi(;ar[v—l;dg; R;igiréﬂf ( l) Definition of conjugate acid/base pairs from the Bronsted-Lowry acid-base model.

ing i i tion to evaluate each answer option to determine which set is a
ing it Through: You are asked in the ques : ] . i g
gr;"zlkgmi acid/basfpair. Recall from the Bronsted-Lowry acid-base model that conjugate acid/base pairs differ in
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2 For ohe specie er by an oxygen atom; these are a set of ana| :

. ‘hoice (A). the two species differ by N oxyge . o800 sl ‘

.\'r;;‘ l: ‘I‘:\: < ::\\{:L‘: differ by an H'; therefore, choice (B) is correct. For chojce (C), the two For choice

(B). the Q § -

" < Al s Species (j
M tons. while these species are related by H', the difference in H* is one too many. For Choj er by two
1ONS,

ce (D), the t
v w
species differ by a chlonne atom. _ ' ' - 5
= Y ou can also conceptualize this question using the reaction of each species i water to f
base (and this 1s good practice):

nd the COnjugyy,

Choice (A): HC1O(aq) + H,0(1) = ClO (ag)+H,0* (aq)
acd conjugate base (nor }(, 102 as given in the problem)
Choice (B): H,PO, (aq)+H,0(l) = HPO?- (ag)+ H,0" (aq)
acid conjugate base
Choice (C): H,0" (ag)+ H,0(1) = H:O(l)*H,O'(aq)
acid conjugate base (not O~ 45 given in the problem)
Choice (D): NCl; would not behave as a ansted-Lowry acid
Practice Questions Related to This: PQ-1, PQ-2, PQ-3, PQ -4, PQ-5, p 6, PO-7, and p "
SQ-2. What is the pH of a 0.820 M aqueous NH; solution? Ky (NH) = 1.8% o= \
e ®) 925 (©) 11.58 &) D

Knowledge Required: (1) How to write a balanced équaitionifofr ana e —
; 0. . queous acid-base reaction, :

the base dissociation constant €xpression (Ky) for a balanced chemical equation. (3) How to ullse(tzl?e};?\: N b

10ns. (4) How to convert between pH and pOH.  “XPression

Thinking it Through: You are asked to determine the
known K. This problem has seve

that you are told that the reaction

_ PH of a given aqueous solution for a

fal‘ steps: First, you write a balanced equation for the acid-

1S In water, and thus water will act as an acid with the giv
NH, (aq) + H,O0() = NH; (aq) + OH'(aq)

Next, you use the 'bal.anced acid-base equation to determine the K; expression: concentrations of

power of their stoichiometric coefficients divided b

stoichiometric coefficients. Note: pure liquids and

known base and g
base reaction; recal|
en base:

- ! products raised to
Y the concentrations of reactants raised to power of their

solids are not included in the Ky expression (omitting water)
. —INHJ[OH']
e il |
[NH,]
Next, you construct an inilial-change-cquilibrium (ICE) table. Initial concentrations are
Stoichiometric coefficients from the balanced chemical equation are used to determine t
concentrations. Equilibrium values are determined by the addition/subtraction of the ini

NHi(aq) = NHi'(aq) + OH(aq)

provided in the qQuestion,
he changes in

tial and change valyes,

Initial 0.820 0 0
Change -X + X +x
Equilibrium  0.820 — x x x

Because acid and base ionization constants are only about 95% accurate, you can compare the ratio of the
equilibrium constant to the initial concentration of the acid or base. If the ratio is less than 2.5% 102, you can

. K .] Kh ']
' , L ) o y 10 —<2.5x107 .
approximate or: acid], <2.5x [base],

K,(NH,) 1.8x10°
[NH,],  0820M

Therefore, you can assume that x will be sufficiently small compared to the initial concentration (;fNH;: therefore,
the change to [NHy]o is small and the approximation is [NH;]o = [NH3]equitibrium 0or 0.820 - x = 0.820 .

: ) s fh ) -3 A :
For this question: =2.2x10" which is less than 2.5x10 (so you can approximate)

You now substitute the equilibrium concentrations into the Ky, expression:
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K// 1.8x10%= 21X e ——
0.820

The expression is then further simplified and solved:
| ” |.r5xl(‘1 r='.\“ r=4384x10"’
1e final concentration of each of the products and be: i
84‘ ]0 3 h1 \vhich is [NHlAlcthhmm and [O“ ]mmhhnu::usc ; conccn"n“()n c
mine the pOH from the concentration of [OH ]:
POH = ~log ([OH]) = ~log(3.84x10 =242
Finally, you convert from pOH to pH knowing that the sum of pH and pOH i
pOH +pH =14 pH =14 - pOH pH = 14- 2.42p= Illisxe
Choice (A) is not correct because it is the pOH of the solution
Choice (B) is not correct because it was determined usin .

determining pOH.
Choice (D) is not correct because it was determined usi P .
concentration of OH- when determining pOH. using the initial concentration of NH; as the

Because X is tl

is cql.lﬂl to +3. annot be negative, then x

Next, you detert

qual to .l4 for an aqueous solution.
Which is choice (C)

g the Ky, value as the concentration of OH™ when

Practice Questions Related to This: PQ-9, PQ-10, PQ-11, PQ-12, and PQ-13

SQ-3. 5 Which acid is the weakest in aqueous solution?

vM (A) acetic acid (K, = 1.8x10°%) (B) formic acid (K, = 1.8x10)
(C) hydrocyanic acid (K, = 6.2x107'%) (D) nitrous acid (K, = 4.5x10%)

Knowledge Required: (1) How to write an acid dissociation equilibrium expression. ( e .
dissociation constants (K) values and acid strength. quilibrium expression. (2) Relationship between acid

Thinking it T_hrough: You are asked to evaluate the given acids and determine which acid is the weakest. You
recall that K is expressed as the concentration of product(s) raised to the power of their stoichiometric co;:fﬁcicnls
( frqm _the bal_anced chemical equation) divided by the concentration of reactant(s) raised to power of their
stoichiometric coefficients. Thus, larger values of K are associated with a larger product to reactant ratio.
Conversely, smaller values of X, are associated with a smaller product to reactant ratio. For all of the choices, the
values of K, are less than one (so for all of these, starting with only reactants, at equilibrium, [reactants] >
[products]). However, you know you can still determine relative acid strength when all K, values are less than one
by determining which value is the largest and how that corresponds to acid strength. Generically:

HA (aq)+H,0(l) = A" (aq)+H,0" (aq) K, = [—A—[]lg%(—)—]-

The larger the value of K, the higher [H ;07 ], the stronger the acid

value associated with the weakest

Thus, small values of K, are associated with weak acids with the smallest K
(6.2x107'?) and conclude

acid. You consider the answer options and note that hydrocyanic acid has the smallest K,
that it is the weakest of all the acids given as answer options; therefore, choice (C) is correct.

Practice Questions Related to This: PQ-14 and PQ-15

SQ-4. " Which anion is the most basic?

(A) ClO- (B) ClO; (C) ClOy (D) ClOs

Knowledge Required: (1) How to determine acidity and basicity from an analogous series of oxoacids.

question to evaluate a series of bases to determine which is the most

answer options from (A) to (D), each has one more oxygen than

Thinking it Through: You are asked in the
| trend for a series of oxoacids is that as the number of

basic. The bases are analogous, considering the
the previous; thus, this a series of oxoacids. The genera
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oxygens increases (or more oxygen atoms in the acid) the acid gets stronger. This is due to the increase in elect
withdrawing power of the added oxygens, which causes the O-H bond to weaken and the acid to get Stronger b

Acids and Bases

Increasing number of oxygen atoms

wealuat Increasing electron withdrawing o o
acid ‘0 ‘0! acid
: Gl——0—H O=C—0—H  9—C—0—H  :G—c—5__,
Weakening of O-H bond :0:
Increasing acid strength S =

You can use the relative strength of the acid to determine the relative strengths of the co

i ) njugate b
the value of Ky for the conjugate base is related to the K, value of the acid through: e aSES as you kngy,

a X Ky = K

Because K. is a constant, at a given temperature, the larger the X, value (stronger the acid) the smaller the K;

value (weaker the conjugate base). Therefore, the conjugate base of the weakest acid (fewest oxygen atoms)b .
wi

be the strongest base — choice (A). The next strongest base would be the conjugate base of th .
choice (B). The patten would continue. the ranking of the base strength is: ‘ € flext weakest acid -

strongest base weakest base
ClO™> ClO; > ClO5 > ClO~

Although not part of this question, when considering the structure of acids and relative str
: : ength,
provided with the same number of oxygen atoms, but differing halogens, for example comparingy:l‘a:g? :rl:s: s

HBrOs. Here, the difference in acid strength is due to the higher electronegativi of chlori
bromine — with HC1Oj as the stronger acid. gativity of chlorine compared to

Practice Questions Related to This: PQ-16 and PQ-17

e —

SQ-5. What is Ky, of F? (K, of HF is 6.8x10~%) =——
(A) 6.8%10" (B) 1.5x10° (C) 6.8x10+ (D) 1.5x10-

Knowledge Required: (1) Relationship between K, and Ky for a conjugate acid-base pair.

Thi(:king it Through: Yop are asked in the question to determine the K for a species given a known K, for the
conjugate acid of the species. To solve this problem, it is necessary to recall the relationship between

an acid and its conjugate base dissociated in water: St Kifer
HF(aq) = H" (aq)+F~ (aq) K,
F"(aq)+H,0(1) = HF(aq)+OH (aq) K,
H,0(1) = H" (aq)+ OH (aq) K, =K, xK,
K Ix 107"
Therefore: Ki= —~=—uw——=1, = ich i i
erefore v K T 6810 1.5x10 which is choice (D).

Choice (A) is not correct because it is determined by dividing K, by K., which is the inverse of K.
Choice (B) is not correct because it is determined by taking the inverse of K.
Choice (C) is not correct because it is the value of K,.

Practice Questions Related to This: PQ-18

SQ-6. N Which substance will dissolve in water to produce an acidic solution?
M (A) FeCly (B) Na;O (C) NaC;H;0; (D) NH;

Knowledge Required: (1) Dissociation of ions in aqueous solution. (2) Relative acidity/basicity of common
species and ions,
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: You are asked in the question to evaluate a series of
—ing it Through: . s 0 > 01 compounds to determ A
'td”:v'::n:“ scidic solution upon dissolution in water. The method yYou will use 1o do thig is (in T;lrl:cro‘:ththlll
P eac

comfl"‘ungl,:nsidcr the ions formed when the compound dissolves in water

" Consider the reaction of each ion with water (hydrolysis)
g. Consider the acidic/basic ions

. A) - FCC]‘
Choicc Step 1 FeCly(s) > Fe''(aq) + 3Cl(aq)

Step 2 Fe''(aq) + 6H:O(]) = Fc(H:O)b(aq) = FC(H:O)50H‘(aq) 4 H’(aq)

Cl(ag) + HxO(1) = no reaction (HC] is a stron

O g acid)
Step 3 Fe'" is an acidic cation and Cl" is a neutra) anion
FeCl; produces an acidic solution
Choice (B) —Na;:0 r
Step 1 Na:O(s) - 2Na‘(aq) + O (aq)
Step2  Na'(aq) + H:O(l) = no reaction (NaOH is a strong base) i

0%(aq) + HO(l) = 20H-
Step3 Na’ is neutral cation and 0% s 5 basic anion
Na;O produces a basic solution
Choice (C) — NaC>H,0,
Step1  NaC;H;0x(s) - Na'(aq) + C2H30;7(aq)
Step2 Na'(ag) + HO(l)= no reaction (NaOH is a strong base)
C:Hi0:7(aq) + H,0(1) = HC:H;0,(aq) + OH-(aq)
Step3 Na’ is neutral cation and C2H;0;" is a basic anion
NaC;H;0; produces a basic solution

L

Choif:c (D) - N}«!; isa mol'ecular compound and not a salt. Instead for this compound, you will consider the
reaction of NHj is water directly (omitting the dissociation into ions):

NHs(ag) + H;O(aq) = NHq*(aq) + OH(aq) which produces a basic solution.

Choices (B), (C), and (D) all lead to the formation of hydroxide anions and

! basic solutions. Therefore, Choice (A)
is correct because it leads to the formation of hydronium ion (H;0").

Practice Questions Related to This: PQ-19, and PQ-20

SQ-7. An acetate buffer contains equal volumes of 0.35 M HCH;0; (pK, = 4.74) and 0.55 M NaC;H,0,.
What is the pH of the buffer?

(A) 4.54 (B) 474 (C) 494 (D) 7.00

Knowledgé Rééuiied: (1) How to use the Henderson-Hasselbalch equation. (2) How a buffer works.

Thinking it Through: You are asked in the question to determine the pH of a buffer solut‘ion givcn the pK, of the
acid, concentrations of the acid and its conjugate base. The Henderson-Hasselbalch equation is used to relate pH,
pK., and concentrations of conjugate acid-base pairs,

[A7]
H=pK + log| —=
pH=pK, 8(“ 1A]
. . . . | ase (NaC,yH404, 0.55 M) in the
the concentration of the acid (HC;H30;, 0.35 M) and the conjugate base ( :
:lﬁ:ust?cr;).g l’:‘::ldilion. you are given the pK, of the acid (HC;H;0,, 4.74). These values are entered into the

Henderson-Hasselbalch equation and pH is determined:

pH = 4.74 + Iog(%—j—i) pH = 4,74 + log(l.57)
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pH=474+ 020=494 which is choice (C)

e sure it i ble. Because you have a higher con 4
s s answer to make sure it is n:at‘ona 3 g centration
e et :::;.:\r:‘dh‘m the acid ([NaC:H\O:] > [HC:H:O:]). you would predict the pH woqld b highcrrma
ASC OO n

conjugate
the pA, (which it 1s orrect Decause i termined using the inverse of the coniye :
d Choice (A) is not correct because it is de u Jugate base to aciq Molay

{ - Henderson-Hasselbalch. ‘ | - |
o ltth'j::(kml“ not correct because its value 1s the value of the pK, for the given acid.
s

Choice (D) 1s not correct because its value is the value of the pH for a neutral aqueous solution,

Practice Questions Related to This: PQ-21, PQ-22, PQ-23, PQ-24, and PQ-25

SQS. What volume (in mL) of 0.150 M NaOH(aq) is required to neutralize 25.0 mL of 0,100 M
) ”:S()J( aq)ﬂ’

(A) 167 mL (B) 333mL (©) 66.7mL (D) 75.0mL

Knowledge Required: (1) How to balance the chemical equation for a ansted~Lowxy acid-base reaction,
(2) Solution Stoichtometry.

Thinking it Through: You are asked in the question to determine what volume of a given solution with a kng
molar concentration is needed to neutralize a given volume of a solution with a known molar concentration. T,
begin, it 1s necessary to write a balanced equation for the acid-base reaction:

ZNaOH (aq) + H.50, (ag) -» 2H,0(1) +Na,50, (aq)
You note that from the stoichiometric coefficients in the balanced equation, two moles of NaOH(aq) are necessary
to neutralize one mole of H,SO,.
Next, you recall the relationship between concentration (M), moles (Msotue), and volume of solution (L):
mole (n,,,. ) = molar concentration x volume

Therefore, based on the information in the question, you determine the number of moles of H,SO, present,

5.0 ml_(0.100 mol H,SO, )( §°

L 1000 mL

To determine the volume of NaOH needed you use the stoichiometry from the balanced chemical equation:

2.50x10" mol H.SO, |.2Mol NaOH [ 1L ](lOOOmL
- 7\ mol H;S0, )\ 0.150 molNaOH \ 1L

): 250x107 mol H,SO,

) =333mL  Choice (B)

Choice (D) is not correct because it was determined using the concentration of NaOH with the volume of
H:SO. and the concentration of H2SO. when calculating the volume of NaOH.

Practice Questions Related to This: PQ-26, PQ-27, PQ-28, PQ-29, and PQ-30

Practice Questions (PQ)

M PQ-1. Which substance is acting as a Lewis acid? BF:(g) +F(g)= BFs(g)

(A) BF, (B) F
(C) BF, (D) This is not a Lewis acid-base reaction.
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02 What is a true statement about Lewis acids and bases?
(A) A Lewis acid must have a nonbonding (lone) pair of electrons,

(B) ALewis base must have a nonbonding (lone) pair of electrons

(C) Inalewis acid-base reaction, a pair of electrons is donated from the acid to the b
¢ base,

1s acid-base reaction, one species alw .
(D) Inalewisac pecies always goes from h ;
el g aving a charge to being electronically

PO What are the Bronsted-Lowry bases in this reaction?
NH, (ag) + H,0(aq) = NH, (aq) + OH (aq)

(A) NH; and OH" (B) H:O and NH,* (C) NH; and H,0 (D) NH.* and OH-

pQ4. What 1s the hydroxide ion concentration in an aqueous solution with a pH of 7.0 at 25

°Ct
(A) 00M (B) 1.0x10'"M (©) 1.0%10"M D) 7.0M
PQ-5. What is the pH of a 0.0050 M solution of Ba(OH);(aq) at 25 °C?
(A) 2.00 (B) 230 (©) 11.70 D) 12.00

PQ-6. The formation of a complex ion such as Cu(NH;)*( aq) can best be cate
Cu**(aq) + 4NH;(aq) — Cu(NH;)*(aq)

(B) Bronsted-Lowry acid-base

gorized as a(n) ___reaction.
(A) Arrhenius acid-base

(C) Lewis acid-base (D) oxidation-reduction

PQ-7. A 10.0 mL portion of 0.010 M HCI is added to 100.0 mL of water. What is the pH of the resulting

solution?
(A) between 3.02and 3.10 (B) between 2.90 and 3.01
(C) between 2.02 and 2.10 (D) between 1.90 and 2.01
PQ-8. The pOH of pure water at 40 °C is 6.8. What is the hydronium concentration, [H30"], in pure water at
this temperature?
(A) 1.0x10°*M (B) 63210*M (€) 1.0x10"M D) 1.6%107M
PQ-9. What is the pH of a 0.053 M solution of KOH at 25 °C?
(A) 0.89 (B) 1.28 (©) " 1272 D) 13.11
PQ-10. What is the equilibrium concentration of nitrous acid, HNO; (K, = 4.5%10%), in a solution that has a
pH of 1.65?
(A) 0.0032M (B) 0.022M (€) 049M M 1.LIM

PQ-11. The pain reliever codeine is a weak base with a Ky, equal to 1.6%10°%, What is the pH of a 0.05 M
aqueous codeine solution?

(A) 7.1 (B) 10.5 (C) 111 (D) 127
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PQ-12. Besides water molecules, what species is/are present at the greatest concentration when NHa(g) is
a‘vﬂ",‘ bubbled into water? (K for NHi(aq) is 1.8x10°%)

(A) NHi(aq) (B) NH.OH(aq)
(C) NH.'(ag) and OH(aq) (D) NH;(aq) and H,0*(aq)
PQ-13. Which 0.10 M solution will have the largest concentration of hydroxide ion?

(A) NH; (Ki of NH; = 1.8x10%) (B) NaCN (K, of HCN = 4.9x107'°)

(C) NaClO; (K, of HCIO; = 1.7x 10%) (D) NaHCO; (K of HCOy = 2.3x10°%)
/ PQ-14. Which is the strongest acid in aqueous solution?

(A) acetic acid (K, = 1.8x10%) (B) benzoic acid (K, = 6.3x10°%)

(©) formic acid (K, = 1.7x10~) (D) hydrofluoric acid (K, = 7.1x10)
/ PQ-15. Which aqueous acid has the largest K, value?

(A) HBrO (B) HBrO, (C) HCIO (D) HCIO;

PQ-16. In non-aqueous solution, the trend in acid strength is observed to be: K, (HI) > K, (HBr) > K, (HCI)
/ Which periodic trend best explains this observed pattern?

(A) Atomic radius: as the bond between H and the halogen becomes shorter, acid strength decreases

(B) Electron affinity: as the halogen becomes more attracted to electrons, acid strength increases

© Electronegativity: as the bond between the two atoms becomes less polar, acid strength decreases

() !O"izmo" energy: as it becomes harder to remove an electron from the halogen, acid strength
increases

‘/} PQ-17. The reaction is observed to have a K> 1.
HSO, (aq) + HPO,* (aq) = SO, (aq) + H,PO, (aq)
What is the strongest acid present in this equilibrium?

(A) H.POs (B) HPO (C) HSOs (D) SOs*
PQ-18. What is the pH of a 0.400 M sodium formate (NaCHO,) solution? K. (HCHO,) = 1.8x107*
(A) 2.07 (B) 533 (C) 8.67 (D) 11.93
‘/ PQ-19. Which salt will form a basic aqueous solution?
(A) NaF (B) KBr (C) LiCl (D) NHiNO;

PQ-20. The pH of a 0.050 M aqueous solution of ammonium chloride (NH4CI) falls within what range?
(A) 0to2 (B) 2107 (€) 712 (D) 12to0 14

PQ-21. What is the pH of a buffer solution containing equal volumes of 0.11 M NaCH3COO and 0.090 M.
CH,COOH? K, (CH;COOH) = 1.8x10°*

(A) 242 (B) 483 (C) 11.58 (D) 1391
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pQ-12- Which pair of compounds would be the best choice to make a buffer solution with a pH around 5?
/ (A) HF and NaF K,=69x10* (B) C:HsCO;H and C;H«CO:Na K, = 13%10°5
) HC‘OlDdN'lC‘O K,=28x10"* (D) NH.Cl and NH, K.=5.6x10-0
po-23- Which pair could be used to make a buffer solution?

/ (A) acetic acid and sodium chloride (B) acetic acid and sodium hydroxide
(O) hydrochloric acid and potassium chloride (D) hydrochloric acid and sodium hydroxide

What is the pH of a buffer solution made by adding 0.010 mole of solid NaF to 50. mL of 0.40 M HF?
PQ-24- Assume no change in volume. K, (HF) = 6.9x10~

(A) 16 ®B) 1.9 © 29 (D) 32

pO-25. An aqueous buffer solution contains only HCN (pK, =9.31) and KCN and has a pH of 8.50. What can
/ be concluded about the relative concentrations of HCN and KCN in the buffer?

(A) [HCN]> [KCN]
(B) [HCN] <[KCN]
(©) [HCN] = [KCN]
(D) nothing can be concluded about the relative concentrations

PQ-26. Methyl orange is an indicator that changes color from red to yellow-orange over the pH range
from 2.9 to 4.5. Methyl orange would be the most appropriate indicator for which type of acid
_base titration?

(A) A weak acid titrated with a strong base

(B) A weak base titrated with a strong acid

(C) A strong acid titrated with a strong base

(D) Methyl orange would not be an appropriate indicator for any acid-base titration.

PQ-27. Which graph best represents the titration of ammonia with hydrochloric acid?
4

4

o

= =
a7 a7
(A) (B)
0 0
volume HCI added volume HC added
“ »
o L8
5 -8
(€) (D)
» o
volume HC! added volume HC1 added
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PQ-28. In the laboratory. 50 mL of 0.1 M HCl is mixed with 50 mL of 0.1 M NaOH and the solution i st
/ gently. At equilibrium, what jonic species, if any. will be present in large amounts in the reaction Ired

sure”’
UXIUre

(A) Na“and Cl" only (B) H;O" and OH" only

(C) H:0°,OH",Na",and Cl (D) No ions will be present

PQ-29. What is the approximate pK, of the weak

acid in the titration curve? =
19
z *
6
4

o ]

0 20 - j-o
volume NaOH added (mL)
(A) 20 (B) 48 (C) 88 D) 11.0

PQ-30. What is the pH of a solution that results from mixing 25.0 mL of 0.200 M HA with 12.5 mL of
0.400 M NaOH? (K, = 1.0x107%) ’ o

(A) 294 (B) 494 (©) 9.06 D) 11.06

e
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Answers to Study Questions
(. B 5D
2' C 6. A
3: C 7.C
4' A 8. B
Answers to Practice Questions
| 1. A 1.B 21.B
2.B 12. A 22.B
3. A 13.B 23. B
4. C 14.D 24.C
5D 15.D 25. A
6. C 16. A 26.B
”..A 17.C 27. A
8. D 18.C 28. A
9, C 19. A 29.B
10. D 20.B 30.C
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