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Course Title: Brown/Poon 6e
Chapter Number: 2

Question type: Multiple Choice

Section 2.1
Difficulty Level: Easy
1. Identify the Arrhenius acids:

L HCl IL NaOH IIL HNO; IV. Ca(OH),

a) LII
b) LIILIV
o ILIV
d) LI

Answer: d

Section 2.1
Difficulty Level: Easy
2. Identify the Arrhenius bases:

L. NH; IL NaOH IIL HI IV. Ca(OH),
a) LII
by ILIV
©) LII
d LILIV

Answer: b
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Chapter 2 - Acids and Bases

Section 2.2
Difficulty Level: Easy
3. Identify the Bronsted-Lowry acids in the following reactions.

. e .o@ .te
CH;—O-H + H-Cl: — CH;-O-H + :cIt
- L H ..
| ] 1l v
®..0 9D

CHy-CH,-O-H + Na H == CH3-CH,-O:Na + H—H

\' Vi Vil VI

a) L IILVI, VII
b) 1L, VI

¢) LIV, V, VIII
d) 11, 111, V, VIII

Answer: d
Section 2.2

Difficulty Level: Easy
4. ldentify the conjugate bases in the following reactions.

0: 0:
H Y t Y
CH;—N-H + CHs—C\_ — CH3—|;I—H + CHz;— \eeO
o O-H H 0.
.. | ne*:
. ®..0 .L.O®
CH;-CH,-O-H + Na H _— CH3'CH2‘9.N3 + H—H
i v
) - e .n@ ..@
CH;—0-H + H-Cl: =—= CHrcI)-H + Cl:
e L] H .y
v VI
a) I, III, VI
b) LIV, V
¢) LIV
d) I, IV
Answer: a



Section 2.2
Difficulty Level: Medium

5. Identify the conjugate acids in the following reactions.

0: o:
i / Ha /
CH;—N-H + CHs‘C\. = CH;-N-H + CHs*C\. o
o 0-H i 0.
te | I
.o s |o® l‘@
CH;-O-H + H-CI & E CH3‘?-H + JCl-
LY ‘e H L
v
. ®..0 O @
CH3-CH,-O-H + Na H = CH3-CH2-O:Na + H—H
VI
a) L1V, VI
b) L, III, VI
¢ ILIV,V
d) LILV
Answer: b
Section 2.2
Difficulty Level: Medium
6. Which are acid-base reactions according to Brensted-Lowry theory?
0 . o ..
L 8o o n
~UNG H3—NH;3 —_— C.-- + CH
CH3 so. CH3/ \0H 3
I AlCl; + Ic|. _— AICI4®
-e .. . @ . .. @
1} CHa_NHz + H—?J. - CH;—NH; + .Cl.
@ .o ..
IV CH3—NH; + y-o: == CH3—NH; + H,0
a) LTI
b) L IL II, IV
) L 11, III
d) LI, IV

Answer: d

Chapter 2 - Acids and Bases




Chapter 2 - Acids and Bases

Section 2.2
Difficulty Level: Hard
7. Which are acid-base reactions according to the Brensted-Lowry theory?

s ..o CHa |
I CHy—C® * -Cl- =  CH;—C—ClI:
CH | .e
3 CH,
Il !Br—Br: + FeBr; —_— Br@+ FeBry
. ol Fo
1] CH3;—NH, + BF, B CH3—|I\|—Bi—F
H F
_ --. @ ... @
v CH3 NHZ + H—.CJ. _— CH3_NH3 + ICIt
a) IV
b) L III, IV
¢) 1L, III
d) LIV
Answer: a
Section 2.3

Difficulty Level: Easy
8. Which of these has the lowest numerical value of pKa and is therefore the strongest acid?

a) CH,COOH
b) H,0
C) NH44r
d) HCI

Answer: d
Section 2.3

Difficulty Level: Medium
9. Arrange the following species in order of increasing basicity (weakest to strongest).

I. OH II. CI' 1. H,O IV. NH;

a) ILTIL IV, 1
b) 1L L, IV, 1T
) IV, I IL, III
d) LIV, L, 11

Answer: a



Chapter 2 - Acids and Bases

Section 2.3
Difficulty Level: Medium
10. Arrange the following species in the order of increasing acidity (weakest to strongest).

I. H,O II. H;O" II. NH4

a) I, TIL, T
b) LIL III
¢) 1L 1L, I
d) LIL 11

Answer: d

Section 2.3
Difficulty Level: Hard
11. Which ion is the strongest base?

0
CHaCH,0° L o c®  cHienP

CH;” YO
I I n 1

a)l
b) I
c) 11
d)1v

Answer: d



Chapter 2 - Acids and Bases

Section 2.4
Difficulty Level: Medium
12. Which equilibria have equilibrium constants greater than 1.0?

o 0
' i I ©)
chy von * NS T o NG NH,
I (I? . ?
c._© H,0 = C S
cHy o T 2 cHy Son © O
® .
I NH, +®0H == NH; + H0
S
v HCN +@OH === CN .+ H;0
a) II, III
b) L 1L, IV
¢) IIL IV
d) L 11, III
Answer: b
Section 2.3

Difficulty Level: Medium
13. Which equilibria have equilibrium constants smaller than 1.0?

o 0
' (I,I; O I o
+ - C
CHy Son * CN cHy oo * HCN
I i1 ® , i1
cC._O - (od
cHy Yo~ * NHs cHy Son T NHs
©, .
Il NH, +@o|.| = NH; + H0
O 0
I S
AV c + CH3 —_— Il
CH3/ \0H CH3/C\0® + CH4
a) II
b) LIV
¢) 1L IV
d) 1
Answer: a



Chapter 2 - Acids and Bases

Section 2.4
Difficulty Level: Medium
14. What is the stronger acid in the following reaction if the equilibrium constant is approximately 10°.

©)
HC=CH + NH, _—— HcEce + NHj3

| Il ] v
a)l
b) II
c) I
d v

Answer: a

Section 2.4
Difficulty Level: Medium
15. What is the strongest acid in the following reaction if the equilibrium constant is much less than 0.01?

®
HN03 + H2804 - HzN 03 + HSO?

| Il n v
a)l
b) II
¢) 11T
dIv

Answer: ¢

Section 2.4
Difficulty Level: Medium
16. Which statements about acid-base equilibria are true?

I. The pKa is the negative logi of the acid equilibrium constant.

II. A stronger acid has a pKa with a smaller value than a weaker acid.
II. The stronger the base, the smaller the pKa of its conjugate acid.
IV. The Ka=K [HA].

a) L 11

b) L1I

) L 11, I
d) 1L 111, IV

Answer: b



Chapter 2 - Acids and Bases

Section 2.2 and 2.4
Difficulty Level: Medium
17. What is the role of water in the following reaction?

@
NH; + H0 H,0  + NH4®
a) acid
b) base
¢) conjugate acid
d) conjugate base

Answer: d

Section 2.4
Difficulty Level: Hard
18. Which is the stronger base if the equilibrium lies to the right? (Sec. 2.4, HARD)

0 0
¢ Sen — NS
-+ —
CH;” “OH CN CHy Yo HCN

| Il I v
a)l
b) I

¢) I
dIv

Answer: b
Section 2.5

Difficulty Level: Medium
19. List the bonds in order of increasing acidity (least to most).

C-H O-H F—H N—H a) ILILIV,I
b) 1L L I, IV
I Il 111 v © LIVILII

d) IV, 111, 11, T

Answer: ¢



Chapter 2 - Acids and Bases

Section 2.5
Difficulty Level: Medium
20. List the bonds in order of decreasing acidity (most to least).

F—H Br—H Cl—H [—H @ LILILIV
b) IV, IL III,
¢) IL IIL, IV, I
: . I v d) LIL 100, IV

Answer: b

Section 2.5
Difficulty Level: Hard
21. Which is the order of decreasing acid strength of the following compounds (greatest first)?

o 0o o) 0
C|—CH2‘< BI'—CHZ—{ F—CH2_< CH34<
OH OH OH OH

I Il 1] v

a) I, L, I, TV
b) 1L IV, L II
o) 1L L II, IV
d) IV, IL, I, TII

Answer: ¢
Section 2.5

Difficulty Level: Hard
22. Which is the order of increasing acid strength of the following compounds (least first)?

0 o} o}
CH3CHZCH2CHF< CH3CHZCHFCH24< CH3CHFCHZCH2% CHzFCHch2CHz—<
OH OH OH OH
| I 1] \Y]

a) LIILIL TV
b) IV, IIL, 11, I
o) IL L IIL, IV
d) IV, IIL I, 11

Answer: b



Chapter 2 - Acids and Bases

Section 2.6
Difficulty Level: Easy
23. Which substances are Lewis bases?

®

_CH_ ©
H,0 AICI, CH; ~ “CH, F
| Il 1l v
a) L1I
b) I, III
c) III, IV
d L1V
Answer: d
Section 2.6

Difficulty Level: Medium
24. What is the role of diethyl ether in the following reaction?

Ogr,

CH3‘CH2‘0@CH2‘CH3

CH3'C H2-6-0H2 C H; + BF3

a) Lewis acid
b) Lewis base
c¢) Bronsted acid
d) Bronsted base

Answer: b

Section 2.6
Difficulty Level: Medium
25. What is the role of methanol (CH3OH) in the following reaction?

o o
CH3—C|:® + CH30H CH3_C|:_0_CH3
CH; CH;

a) Lewis acid
b) Lewis base
c¢) Brensted acid
d) Bronsted base

Answer: b

10



Chapter 2 - Acids and Bases

Section 2.6
Difficulty Level: Hard

26. Which are acid-base reactions according to Lewis theory but not according to the Bronsted-Lowry theory?

o] CH;
i I - L9
& + .CHj CH;—C—0*
CH3/ \CHg (l_"Ha
o.ﬁ' .ooi.
I +  H,O- _ [
C... 2 —_— O + H,0-
CH;” “OH CHS/C\H:
n . @ FO
CH;—NH; + BF; R CHg—lTI—B—F
H F
v o + BF; —— @BF3
CHi ** “CH, 3 é@
CH; ** “CH,
a) LI
b) III, IV
¢) LIIL IV
d) LIL 1L, IV
Answer: ¢

11



Chapter 2 - Acids and Bases

Section 2.6

Difficulty Level: Hard

27. Which is the proper reaction mechanism for the reaction of boron trifluoride and diethyl ether?

Assume that the charges are correct and add electron pairs, if needed. Also consider how many electrons should be
in the outer shell of boron trifluoride to make it neutral.

F
/_\0 F—I|3®—F
I BF;  CH,CHy” “CH,CH, < o2
CH,CH;”~  “CH,CH,
F
h o F—lBQF
Il BF; CH,CH; **“CHaCH; = (|J®
CH,CHy” ** “CH,CH,
F
A F—||3®—F

|

o

o
M :BF3  CH,CHy” “CH,CH; =<
CH,CHs~ “CH,CHs;

I

IV BF;  CH,CHy S)-“\cnzcm - ¢
CHzCHg/' °\CH2CH3
a)l

b) I

¢) III

d)1v

Answer: b
Question type: Fill-in-the-Blank

Section 2.2
Difficulty Level: Easy
28. Complete the following reaction.

0
Il I ©
CH;—C—OH + H,0 = CH;—C—0 +

Answer: H;O"

12



Chapter 2 - Acids and Bases

Section 2.2
Difficulty Level: Easy
29. Complete the following reaction.

I —

NH,Cl + <« NH; + +
CH3;—C—ONa

Answer: CH;COOH + NaCl

Section 2.2
Difficulty Level: Easy
30. Complete the following reaction.

+ HZO —h( NH; + H30 + CI

Answer: NH,C1

Section 2.2
Difficulty Level: Easy
31. Complete the following reaction.

0 0
I

CH,—C—OH + <= CH;—C—ONa + NaHCO;

Answer: Na,COs

Section 2.2

Difficulty Level: Medium

32. Complete the following reaction scheme with the appropriate equilibrium arrow (indicating the higher
concentrations at equilibrium).

T I

CH;—C—ONa + HCN CH;—C—OH + NaCN
-

Answer: —=

13



Chapter 2 - Acids and Bases

Section 2.2
Difficulty Level: Medium
33. Identify the acid, base, conjugate acid, conjugate base in the following reaction.

NaCN + NaHSO, — > HCN + Na,SO,

-

Answer: base, acid, conjugate acid, conjugate base

Section 2.2
Difficulty Level: Medium
34. Identify the acid, base, conjugate acid, conjugate base in the following reaction.

NH4C| + NaHC03 —- > NH3 + H2C03 + NaCl

-

Answer: acid, base, conjugate base, conjugate acid

Section 2.3
Difficulty Level: Easy
35. The weaker the acid, the the conjugate base.

Answer: stronger

Section 2.4
Difficulty Level: Easy
36. The higher concentration (reactants or products) at equilibrium will lie on the side of the acid.

Answer: weaker
Section 2.4
Difficulty Level: Medium

37. Complete the following reaction scheme with the appropriate equilibrium arrow (indicating the higher
concentrations at equilibrium).

NaH,PO, + NaHCO; —— Na,HPO, + H,CO,

I
Answer: =~

14



Chapter 2 - Acids and Bases

Question type: True/False

Section 2.2
Difficulty Level: Easy
38. Brensted-Lowry acids accept protons when reacting.

Answer: False

Section 2.3

Difficulty Level: Easy

39. The stronger acid has the larger (more positive) pK..
Answer: False

Section 2.3

Difficulty Level: Easy

40. Strong acids have weak conjugate bases.

Answer: True

Section 2.4

Difficulty Level: Medium
41. The equilibrium constant will be greater than 1.0 for the following reaction

®

0 X
NH,.Cl + I <= NH; + H,0  + ClI

CH;—C—ONa
Answer: False
Section 2.4

Difficulty Level: Medium
42. The equilibrium constant will be greater than 1.0 for the following reaction

HCN + NaH,PO, =—— > H,;PO, + NaCN

Answer: False

Section 2.2

Difficulty Level: Medium

43. Water acts as a Bronsted-Lowry base in the following reaction.
NH; + H,0 ——— NH,OH

-

Answer: False

15



Chapter 2 - Acids and Bases

Section 2.2
Difficulty Level: Hard
44. Ammonia acts as a Brensted-Lowry base in the following reaction.

NH,Cl + NaHCO; ————> NH; + H,CO;,

Answer: True

Section 2.3
Difficulty Level: Medium
45. The strongest acid in the following list is sodium bicarbonate.

NH4C| NaHCO3 HZO CH3CH20H

Answer: False

Section 2.5
Difficulty Level: Hard
46. The weakest acid in the following list is acetic acid.

7 T 0 0
I
CH,COH CICH,COH FCH,COH FCH,CH,COH

Answer: True
Section 2.6
Difficulty Level: Easy

47. Lewis bases donate electrons when reacting.

Answer: True

16

+ NaCl



