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MULTIPLE CHOICE:

1. In the following equation,
HF + NO; < HNO: + F
the HF is a Bronsted-Lowry

A. acid accepting protons
B. base accepting protons
C. acid donating protons

D. base donating protons

2. The conjugate base of HSO3 (aq) IS

HZSO3(aq)
HSO30H)
SOs(q)
SO3* (aq)

OCOw>

3. In the following equation
N2Hs + (CH3)sHN® < NzHs* + (CH3)sN
a conjugate acid-base pair is
A. N2H4 and (CH;;)gNHJr
N2H4 and (CH3)sN

B
C. NzHs* and NoH4
D. (CHs)sNH* and N2Hs*

4. In the equation
ClOs~ + HNOs — HCIO4 + NO3z~

the order, from left to right, for Bronsted-Lowry acids and bases is

A. acid + base < base + acid
B. acid + base < acid + base
C. base + acid < base + acid
D. base + acid < acid + base

5. The equation showing the acid form of an indicator reacting with a basic solution is

A. In"a) + OH @g < Hlingg)

B. HIn@gy) + OH (aq < H20q) + In"ag)
C. In@g + HO%@g) < HIn@g + H2Oqq)
D. HiIn@g + H200) < H3O%@g) + In“ag
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Note the following reactions involving water

6.

10.

H20() + HBr@ag) < H3O%(ag + Brag)
H20q) + CN (ag) <& HCNe@g) + OH (ag)

Because of this behaviour, water is classified as

A

B.
C.

D.

neutral

a salt
amphiprotic
a solvent

0.200 moles of hydrogen chloride gas (HCI) is dissolved in water and made up to a
volume of 4.00 L of solution. What is the molarity of the H30™ ion?

A.

B.

C.
D.

0.200 M
20.0M
5.00x 102 M
1.37 x10° M

The [H30"] in an aqueous solution of 2.0 x 103 M NaOH (strong base) is

A.
B.
C.
D.

5.0x 102 M
50x10°M

20x 1012 M
50x 101 M

Given:

HPO4* (aq) + NHa"(ag) <> H2PO4 (ag) + NHa(ag)

the strongest acid in the above equation is

COow>

NH4*
HPO4%
NH3
H2PO4~

Which of the following gases will give the most basic solution on dissolving in water?

COow>

H2S(g)
NHz(q)
CO2()
SOz(g)
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11.

12.

13.

14.

15.

16.

A formula for a salt is

A. NaHPO4
B. H3POq

C. Ce¢HsCOOH
D. Cu(N H?,)42+

The salt which will undergo hydrolysis in water is

Kal*
KNO3
KCN
KCI

COow>

Which of the following equations best illustrates the hydrolysis of Na>CO3?

A. NaxCOszi + H20(y < Na2Ogg) + CO2q) + H20q)
B. COs? g + H20() <> HCO3 (ag + H30%(ag)

C. NaCOss — 2Na‘(ag) + CO3% (ag)

D. NaxCOsi) + H2Oq) < NaxCOsaq) + Hog)

Which of the expressions given below illustrates a correct expression for pH?

A. log [H307]

B. —log [H30%]?
C. —log [H30"]
D. -log (1/[Hs0™])

What is the hydronium ion concentration, [H3O*], of a 0.00100 M sodium hydroxide
(NaOH) solution?

A. 1.00x103%M
B. 11.0M

C. 1.00x10% M
D. 0.00100 M

What is the pH of a 0.00100 M perchloric (HCIO4) acid solution?

0.00100
1.00 x 1073
3.00
13.0

Cow >
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17.  The [H30"] in a hydrochloric acid solution is 1.00 x 10 M. What is the pOH of the
solution?

3.00

11.0
0.00100
1.0x 1073

Cow>

18.  Which of the following equations represents an acid-base titration?
I Na'@y + OH @) + H'@g) + Cl@ay — H200) + Na'@g + Cl g
II.  CHsCOOHg) + H20(q) — H30%@g) + CH3COO (ag)
1. 3Cuw) + 2NO3 (aq) + 8H'(ag) = 3CU%(aq) + 2NO() + 4H.0q)
IV.  Ag'ag *+ Bragy — AgBrg

I

1

I
v

OCOw>

19. 100 mL of a 0.100 M NaOH solution are titrated with 200 mL of a 0.0500 M HCI solution. The
approximate pH of the resulting solution is

A. 5.00
B. 6.00
C. 7.00
D. 8.00

20.  During a titration reaction 80.0 mL of a 0.100 M HCI solution are added to 100.0 mL of
a 0.100 M NaOH solution. The [OH"] of the resulting solution is

11.1 M

1.11 x 102
11.11x 101 M
1.11 x 102 M

Cow>»
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21.

22,

23.

24,

Given that Ky = [NH3][OH] Ka = [NH4"][H30"]
[NH4™] [NH3]
and Kw = [H30*][OH]

the correct relationship between these expressions is

A. KW:KaXKb
B. Ku = Ka
Kb
C. KW: 1
KaXKb
D. Kw = Kp
Ka

An aqueous solution of aniline, CsHsNH, is in equilibrium with its conjugate acid,
CesHsNHas*. If the numerical value of Ky for aniline is 4.30 x 1071, the value of K, for its
conjugate acid CeHsNHz is

4.30 x 10*
2.3x10°
5.38 x 1010
430 x 1010

CoOow>

An aqueous solution of acetic acid, CH3COOH, is in equilibrium with its conjugate base,
CH3COO". If the numerical value of K, for CH3COOH is 1.80 x 107, the value of K, for
its conjugate base, CH3COO" is

A. 1.80x10°
B. 5.56 x 10710
C. 3.24x1010
D. 1.80 x 10°

Given that
NHs@g) + H200) < NHs"@g) + OHag) Kb (NH3) =1.8 x 10°
The equilibrium concentration of an ammonia (NHz) solution is 0.500 M. The pOH of

the solution is

11.5
8.95
2.52
2.00

COow>
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Which one of the following equations contains a conjugate acid-base pair from which a
buffer solution can be prepared?

25.

26.

27.

28.

29.

30.

A
B.
C.
D.

HCN@q) + H20() < H30%@g) + CN g
HCl@g) + H200) < H3O%aq) + Cl g
HNO3(@q) + H200) < H30"@g) + NOs (ag)
HClO4@aq) + H20() < H30%@aq) + ClO4 (ag)

Which one of the following equations contains a conjugate acid-base pair from which a
buffer solution can be prepared?

Cow>»

CH3COOH + H,0 < H3O* + CH3COO™
H.SO4 + H20 < H3O' + SO4*

HBr + H,O < H3O" + Br

HI + H,O < H30" + I

In the equation NHs* + H,0 < H3O" + NHa, how does the H,0 act?

As a Bronsted-Lowry acid donating protons.
As a Bronsted-Lowry acid accepting protons.
As a Bronsted-Lowry base donating protons.
As a Bronsted-Lowry base accepting protons.

Which one of the following is the conjugate base of H,PO4?

A. HPOs*
B. HsPOq
C. PO
D. HsPOs3
Which one of the following is the correct order for the Bronsted acids or bases in the
equation
HSOs + HPOs < HPOs + SO3%
A. acid + base < acid + base
B. acid + base < base + acid
C. base + acid < acid + base
D. base + acid < base + acid

Which of the following is the weakest acid?

COow>

0.010 M HCI
0.10 M HBr
0.10 M HI
0.10 M HF
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31. Which one of the following equation shows the basic form of an indicator HIn reacting in
an acidic solution?
A. In@y) + H3O @g) < HIngg + H20q)
B. HIn@g + H3O%@ag) < HaIn*ag) + H20q)
C. In@ag + H200) & HIn@g + OH (aq)
D. HIn@gy + OH (aq) < Inaq) + H20q)
32.  The indicator methyl red has a Ka value of 4.00 x 10°°. If a 1.00 x 102 M solution of the

indicator is used, what will be the [H30*] at the end point, where the colour is orange
(i.e. intermediate between red and yellow)?

A. 400x10°M
B. 4.00x10°M
C. 200x103%M
D. 400x10°%M

33.  Which one of the following salts will show the greatest amount of hydrolysis in water if
equal concentrations are used?

A. Nal

B. NaNO:
C. NasPOq4
D. NazSO4

34.  Which one of the following sets shows the order of increasing pH of the aqueous solutions of
the three salts if equal concentrations are used?
A. NH4CI, K2SOs, Na.CO3
B. K2SO4, NH4CI, Na2COs
C. NaxCOs, K2S0O4, NH4CI
D. NH4CI, Na,CO3, K2SO4
35.  Which one of the following statements about HNO3z and HNO: is TRUE, given that
HNO3 is a stronger acid than HNO>
A. NO; ion is a stronger base than NOs™ ion.
B. NOz ion is a better proton acceptor than NO2™ ion.

C. The bond between H and O in undissociated HNOg3 is stronger than the bond between
H and O in undissociated HNO».

D. Asolution of 1 M HNOs contains fewer particles than a solution of 1 M HNO: if
equal volumes are compared.
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36.

37.

38.

39.

40.

What is the hydronium ion concentration, [H3O™], of a solution whose pH is 6.00?

1.0x108M
1.0x10°%M
6.0 M

1.0 x 105 M

oOow>

What is the pOH of a 0.012 M solution of sodium hydroxide, NaOH?

A. 1.03
B. 1.9
C. 192
D. 12.08

What is the pH of the solution which results when 100.0 mL of a 0.050 M solution of
NaOH is titrated with 200.0 mL of a 0.025 M solution of HCI?

A. 6.00
B. 7.00
C. 80

D. 9.00

During the titration of 50.0 mL of a 0.200 M KOH solution with 0.200 M HNOs3, 20.0 mL
of the HNOz is added. What is the pH at this point of the titration?

A. 0.92.
B. 1.07

C. 12,93
D. 13.08

In which of the following buffer solutions will addition of H3O* cause the equilibrium to shift
to the left?

. HF + H0 < HO* + F

. HPOs + H3O* < H3POs + H0
. HPO#Z + OH & PO + H0
IV. HSOs + OH & SO + Hz0

A. lonly.

B. Ilonly.

C. Hland IV only
D. ILllland IV.
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Refer to the following information when answer in questions 41 and 42.
HNOz(@q) + H200) < H30"@g) + NO2 ()
Ka (HNO2) =5.1 x 10

41.

42.

43.

44,

45.

What is the pH of an aqueous solution of nitrous acid, HNO, when its equilibrium
concentration is 1.0 x 10 M?

A. 3.00
B. 3.15
C. 6.00
D. 6.29

What is K, for the nitrite ion, NO2~, the conjugate base of nitrous acid?

A. 20x10M
B. 51x10*
C. 20x10°3
D. 2.2x107?

Which one of the following statements explains why oxalic acid, H2C204-2H-0, is useful
as a primary standard in acid-base titrations?

A. It contains two replaceable hydrogen ions.

B. It can be obtained very pure, and is a crystalline solid.

C. Ithasa large Ka and so gives better results in titrations.

D. A stoichiometric point of its titrations is on the basic side of neutral pH 7, which is
better for titrations involving strong bases.

What is the pH of a 0.0025 M solution of lime water, Ca(OH),?

2.30
2.60
11.40
11.70

COow>

Which one of the following equations contains the conjugate acid-base pair from which a buffer

solution can be prepared?

Hl@ag + H200) < H3O%@g) + IT(ag)

W

HBr@g + H20() < H3zO%@aq) + Brag
H2SOusaq) + H20() <> H3O%(aq) + HSO4 (ag)
H2COzag) + H200) < H3O"(aq) + HCO3 (ag)

O O
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46.  Which one of the following equations could represent a titration reaction?

CH3COOH@q) + H200) — H3O%(aq + CH3COO (ag)

2HBr@g) + Clyg) — 2HCl@ag) + Braag

KHCO3(aq) + HBr@g) — KBrag + H200) + COz)

3Zni) + 2NOz(ag) + 3Haq) = 3Zn**(aq) + 2NO() + 4H:O0q)

Cow>

47.  The following equation represents the dissociation of acetic acid, CH;COOH, in water:
CH3COOHg@g) + H20¢) < H30%@g) + CH3COO (ag)

Which one of the following is the expression for the K, of acetic acid?

A. Ka = [HsO*][CHsCOO]

B. Ka = [HsO*][CHsCOO ]

[H20][CHsCOOH]

C. Ka = [CHsCOOH][H:0"]
[CH3COO]

D. Ka = [Hs0*][CHsCOO]
[CHsCOOH]

48.  Which one of the following species is the weaker base in the equation
H202@q) + H200) < HO2 @) + H3O"(ag) ?

HO2 (aq)
H20()

H202(aq)
H30"(ag)

oo wp

49.  Which one of the following orders is correct for the Bronsted-Lowry acids and bases in
the equation

CsHsNH2@q) + H20q) < CeHsNH¥@aq) + OH (ag) ?

acid + base < acid + base
acid + base < base + acid
base + acid < acid + base
base + acid < base + acid

Cow>
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50.

51.

52.

53.

54.

Which one of the following statements BEST describes a Bronsted-Lowry base?

A. It will accept an H".
B. It will donate an H*.
C. Itwill accept an OH".
D. It will donate an OH".

The indicator quinaldine red has a colourless acid form and a pink base form. Its Kj is
2.5 x 1072, Which one of the following descriptions of a aqueous solution of quinaldine red at a
pH of 6 is correct?

A. The solution is pink

B. The solution is colourless

C. The [acid form] > [base form]

D. The[acid form] = [base form]

Which one of the following Ka expressions for the dissociation of hydrogen sulfide in water is
correct given that the equation for the dissociation is

H2S@q) + H20() < HS @) + H3z0"g)

A. Ki = [HS][Hs0']
[H2S][H20]
B. Ka = [H2S][H:0]

[HST][H30"]

C. Ka= [H2S]
[HST][H307]

D. Ka = [HS][H30"]
[H2S]

Which one of the following expression is the correct expression for pKw?

A. pKw = _1_

Kw
B. pKw = (pH)(pOH)
C. pKw = pH + pOH
D. pKw = antilog Kw

An aqueous solution of the base hydrazine (N2Ha4) is in equilibrium with its conjugate acid,
N2Hs*. If the Ky for N2H4 is 1.70 x 107 at 20°C, what is the Ka for NoHs* ?

5.88 x 10°°
1.70 x 1075
5.88 x 10°
1.70 x 108

CoOow>
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55.  Water at 25°C has a pH of 7 and the equation for dissociation is
2H,0qy + 57.3kJ < H3O%aq + OH (ag)
Water at 80°C could BEST be described as
basic.
acidic.

neutral with a pH less than 7.
neutral with a pH greater than 7.

Cow>

56.  What is the pH of a 2.0 M solution of benzoic acid (CsHsCOOH) ?

A. 194
B. 2.24
C. 3.88
D. 448

57. A dilute solution of NazS will contain

A. undissociated Na2S

B. more HS g than S%(aq)
C. more H3O"aq) than OH (aq)
D. strongly hydrolyzed Na*(aq)

58.  When selecting an indicator for any titration, how should the indicator endpoint compare to the
titration stoichiometric point?

The endpoint and stoichiometric point should coincide.

The endpoint should be before the stoichiometric point.

The endpoint should be after the stoichiometric point.

The endpoint and stoichiometric point should both be at pH 9.

COow>

59.  Which one of the following describes the pH at the stoichiometric point in the titration of a
strong acid with a strong base?

A. pH =20
B. pH =7
C. 0O<pH <7

D. 7<pH < 14

60. 30.0 mL of 0.50 M HCI solution are titrated with 20.0 mL of 0.50 M NaOH solution. What is
the pH of the resulting solution?

0.00
1.00
7.00
13.00

COw>
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61.

62.

63.

64.

65.

66.

Which of the following equations represents an acid-base titration?

A. Ba**(ag + SO4% (ag) < BaSOa

B. CH3COOK) + H20p) < Kfag + CH3COO (ag)

C. Zng + 2H"ag) + SO4*(ag) & ZN*ag) + SO4*(ag) + Hz)

D. K'ag + OH @) + H'@g + NOs @y < H200) + K'ag) + NOs(ag)

In a titration, 20.0 mL of 0.50 M NaOH solution reacts completely with 30.0 mL of H2SO4
solution. What is the initial concentration of the H,SO4 solution?

A. 0.17M
B. 0.33M
C. 0.50 M
D. 0.67M

An acid buffer is a solution containing

A. astrong acid and its salt.

B. astrong acid and a strong base.

C. aweak acid and a strong acid.

D. aweak acid and a salt of its conjugate base.

Which one of the following will occur when NaF is added to a 0.5 M HF solution?

The pH of the HF solution decreases.

The pH of the HF solution remains the same.
The acidity of the HF solution decreases.
The acidity of the HF solution increases.

COow>

Which one of the following ions is the conjugate base of Al(H20)6*(ag)?

A. Al(H30)s* g
B. AI(H20)6* (aq)
C. Al(H20)s0H* 4
D. Al(H0)s0H )

Which of the following solutions will have the greatest [HzO"]

0.05 M HNO:2
0.10 M HCI

0.15M HNOs3
0.20 M HCN

COw>
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67. In which of the following equations is HSO3™ acting as a base?

A. 2HSO3 (aq) — S205%(ag) + H20¢)

HSO3 (ag) + H3O0%@g) — H2S03aq) + H20q)
HSOs3 (aq) + OH (ag) = SO3%(ag) + H20)

HSO3 (ag) + HPOs*(ay — SO3%(aq) + H2POs (aq)

O 0w

Use the following table to answer question 68.

68. In which area of the periodic table shown would you find elements which form the most basic
oxides?

|

]
Il
v

COow>

69. A common property of 6 M solutions of strong acids and bases is that they
A. are amphiprotic

B. conduct electricity well

C. have the same pH

D. change red litmus to blue
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70.  The equation for the ionization of ammonia is
NHs@g) + H20g) < NHs'@ag) + OH (ag)
The Kby expression for this reaction is

A [NHz]
[NH4*][OH]

B. [NH4'][OH]
[NHs]

C. [NH4[OHT]
[NH3][H20]

D. [NHs][H20]
[NH4"][OH]

71.  The pH of a solution is found to be 5.00. What is the value of pOH for the same solution?

A. 2.00
B. 5.00
C. 9.00
D. 12.00

72. The word “hydrolysis” in chemistry refers to the

reaction of water with substances
reaction of hydrogen with ions

removal of water from a compound
removal of hydrogen from a compound.

COw>

73.  Which of the following salts dissolved in distilled water will produce the most acidic solution if
all solutionsareat0.10 M ?

NH4CI
CrCl3
FeCls
AICls3

COow>

74.  What is the [H30"] in a solution with [OH] = 2.7 x 1074 M?

3.7x101" M
7.3x10°%M
2.7x10*M
3.7x10*M

>

OO0 W
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75.

76.

77,

78.

79.

The Ky volume for NHs is 1.8 x 10°. What is the [OH"] in a 0.1 M solution of NH3?
NHs@g) + H200) < NH4'@g) + OH (ag)

2.7x10°M
1.2x10*M
1.7x103M
42x10°M

OO0 w>

The Ka value for H,COg3 is 4.4 x 107, What is the Ky value for its conjugate base?

A. 46x10M1
B. 23x10°%
C. 23x10°
D. 2.1x10™*

What type of reaction does the following equation represent?
Ba(OH)2ag) + H2SO4@q — BaSOasi + 2H20q)

hydrolysis

decomposition

neutralization
oxidation-reduction

COow>

What volume of a 4.00 x 10-2 M HCI solution is needed to neutralize 2.00 x 10~ L of a 1.00 x
102 M LiOH solution?

5.00 x 102 L
1.00 x 10 L
2.00x101L
5.00 x 101 L

Cow>»

0.45 g of an unknown diprotic acid required 4.5 x 10~° mol of NaOH for complete
neutralization. The mass of one mole of the acid is

4.5 x 10 g
1.0 x 10%g
2.0 x 10% g
4.0 x 10% g

CoOow>
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80.

81.

82.

83.

84.

When methyl red (Ka = 1.0 x 10-°) is used as an indicator in a titration, it will change colour at
a pH of approximately

COw>
= © ~ Ul

0
Which of the following combinations will make a buffer solution?

A. HNOsand NO3z~

B. H2SOsand HSO4~

C. HCIO4and ClO4~

D. CH3COOH and CH:COO~

Which of the following equations represents the buffer equilibrium present in an aqueous
solution containing NHz and NH4CI?

NHsaq) + H200) < NHa'@ag) + OH (ag)
H30%@g) + OH @y < 2H20q)
C. NHs'@g + Cl@g < NHiClg
D. NHs@g + Cl'@ag) < NHz2"@g) + HClag)

w

Which of the following compounds is a base when in solution?

A. HCI
B. NH3
C. NaCl
D. CH3COOH

Which two substances act as the Bronsted-Lowry acids in the following equilibrium?
0% + HSOs < OH™ + S04

0? and SO4*~
0% and OH-
HSO,4~ and OH~
HSO4~ and SO4*

o o w >
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85.

86.

87.

88.

89.

Which of the following compounds is a strong base in solution?

A. LiOH
B. NaHS
C. KoCOs
D. NH4CI

Consider the following equilibrium reaction for the indicator propyl red, HPr:
HPr + H,0 < HsO" + Pr-
If NaOH is added, this equilibrium shifts to the

A. leftas [HPr] decreases.
B. right as [HPr] increases.
C. leftas [H3O"] increases.
D. right as [H3O"] decreases.

Which of the following reactions will favour reactants at equilibrium?

A. HF + HS" < F + HS
HF + OH- < F~ + H0

C. HF + SO < F + HSO4

D. HF + CH3COO~ < F~ + CH3;COOH

@

The expression for the ionization constant of water is
A. Ky = [H30"]

[OH]
B. Kw = [H30][OHT]

C. Kw = [H30'][OH]
[H20]

D. Kw = [H30'] + [OHT]

At 40°C, Kw = 3.1 x 10~%*. Water at 40°C may be described as

A. acidic with [H30"]=3.1 x 10" M.
acidic with [H30*] = 1.8 x 10" M.
neutral with [H30*] = 1.8 x 10~" M.
neutral with [H30*] = 1.0 x 10~" M.

O O w
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90. In a solution at 25°C where [H30"] = b2.0 M, the [OH] is

5.0x10°*M
2.0x 107 M
50x 1078 M
12 M

oSO w>

91.  Consider the following equilibrium constant expression:

Keg = [HCO3][OH]
[COs*]

This expression represents

Ky for COs?
Ka for CO3*
Kp for HCO3~
Ka for HCO3~

O 0 w

92.  The net ionic equation for the hydrolysis that occurs when KF is dissolved in water is

A. KFg = K'@g + Fag

B. Fay + H20q0) < HF@g) + OH @)
C. KFy + H20qp) < HKF'ag + OH (ag)
D. KFg + H200) —» HF@ag) + KOHag)

93.  Which of the following 0.10 M salt solutions is neutral?

A. KI

B. SrS

C. NH4CI
D. Na)COs

94.  The pH of two solutions is measured as follows:

SolutionA  pH = 2.0
SolutionB  pH = 6.0

The data suggest that the [H3O"] in solution A is

A. 3 of that in solution B.

B. 3times that in solution B.
C. 0.0001 of that in solution B.
D. 10,000 times that in solution B.

95. A substance which undergoes a colour change with a change in pH is known as
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an acid-base buffer.

an acid-base titration.
an acid-base indicator.
a salt which hydrolyzes.

COow>

96. A student uses several indicators to determine the pH of a solution and obtains the following
data:

Indicator | Thymol blue | Methyl orange | Methyl red | Phenol red | Phenolphthalein

Colour yellow yellow red yellow colourless

The pH of the solution is

2.8
4.6
6.3
8.1

OCOw>

97. In a solution of pH 9.52, the [OH] is

A. 3.0x100 M
B. 1.7x10°M
C. 33x10°M
D. 4.48M

98.  The pH ofa 0.1 M Na2SOs solution is approximately

1
4
10
14

COow>

99. property that is exhibited by acids and bases in solution is that they both

A

A. taste bitter.
B. react with Zn.
C. conduct electricity.

D. turn methyl violet to blue.

100. The conjugate acid of PO4* is

H;O*
HPO4*
H3PO4
H2PO4~

oOwp
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101.

102.

103.

104.

105.

106.

Consider the following:
S04~ + HNO; < HSOs + NO2~

Equilibrium would favour

the products since HSO4™ is a weaker acid that HNO».
the reactants since HSO4™ is a weaker acid that HNOx.
the products since HSO4™ is a stronger acid than HNO:..
the reactants since HSO4™ is a stronger acid than HNO:

CoOow>

The strongest base that can exist in water is

0%
NHs
NH2~
OH-

COow>»

Which of the following acids will have the greatest [OH"]?

1.0 M HI

1.0 M HF
1.0 M HCN
1.0 M H2S04

COw>

When either HCI or NaOH is added to water at 25°C, the fraction of water molecules ionized is

less than in pure water.
greater than in pure water.
equal to that in pure water.
always equal to 1.00 x 104,

Cow>

The value of Ky, for Fis

1.5 x 10~
6.7 x 110~
1.5 x 1073
1.5 x 10°

Cow>»

A substance has a Ka = 4.0 x 10~*2. From this information it can be concluded that the
substance is a

weak base.
weak acid.

strong base
strong acid.

COw>
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107. A student heats a sample of water and measures the [H30"] at various temperatures giving the
following data:

Temperature (°C) 0 20 40 60

[H30%] 44x108M | 82x108M | 1.3x107'M | 32x107" M

These data show that as water is heated

A. the pH increases.

B. it becomes more acidic.

C. itisionized to a greater extent.

D. [H30"] increases while [OH"] decreases.

108. 25.00 mL of a solution of HCI was titrated with 0.4500 M NaOH using bromthymol blue as
indicator. Successive readings of the burette gave the following data:

Volume of NaOH (mL) | Colour
16.35 yellow
16.40 yellow
16.45 green
16.50 blue

Based on these data, the original [HCI] was

A. 0.06839 M
B. 0.2948 M
C. 0.2957 M
D. 0.2970 M

109.  Which of the following oxides, when dissolved in water, will produce the most basic solution?

SO,
CO;
BaO
CIO

COw>
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In comparison with a strong acid — weak base titration, the equivalence point of a

110.

111.

112.

113.

strong acid — strong base titration

A. occurs at a higher pH.
B. is more difficult to detect.
C. gives more reliable results.

D. occurs within a narrower pH range.

Page 23 of 32

The indicator Congo red, HiInd, ionizes according to the following equation:

Hind@ag + H200) < H3O%@g) + Ind~(ag)

When added to solutions of HCI of various concentrations, Congo red displayed the following

colours:
[HCI] Colour
0.10 M red
0.010 M orange
0.0010 M yellow

When the colour orange is observed,

A. [HInd] = [HCI]
B. [HInd] =[Ind]
C. [HInd] =[H30"]
D. [HInd] = Ka[HInd]

The pH of 0.60 M HCIOg is

A. -0.60
B. 0.22
C. 0.60
D. 13.78

The approximate Ka value for the indicator thymolphthalein is

A. 1x101%
B. 1x10*
C. 4
D. 10
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Consider the following 1.0 M solutions:
NaOH, HCI, and NaCl

114.

Page 24 of 32

Which of the following lists these solutions in increasing order of pH?

COow>

NaOH, HCI, NaCl
HCI, NaOH, NaCl
NaOH, NaCl, HCI
HCI, NaCl, NaOH
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WRITTEN RESPONSE QUESTIONS

Your steps and assumptions leading to a solution must be written. In questions involving calculation,
full marks will not be given for providing only an answer. Students will be expected to communicate
the knowledge and understanding of chemical principles in a clear and logical manner.

10.

11.

12.

13.
14.

Calculate Ky, for HpBO3, the conjugate base for boric acid, H3BO3. (2 marks)

Write the net ionic equation for the following reaction : potassium hydroxide neutralized by
acetic acid. (2 marks)

A 0.10 M solution of a weak acid HX has a pH of 4.26. Calculate the value of K5 for HX.
(3 marks)

Calculate the pH of a solution made by dissolving 3.75 g of RbOH in
79.8 mL of 0.18 M HNO3. Assume no volume change. (5 marks)

Write the equilibrium equation for the reaction of the HS™ ion with water to produce a basic
solution. State whether the reactants or products are favoured. (2 marks)

The K and Kp, values for the HPO42- ion in water are given below :

HPO4§:(aq) Kq=4.4x 10-_%3
HPO4% (aq) Kp=1.6x10

Indicate whether an aqueous solution of NapHPOy is basic or acidic, and explain your answer
with reference to the K5 and Ky, values given above. (2 marks)

Calculate the mass of NaOHgS that would have to be added t010.0 mL of a
2.00 M HNO3 solution to obtain a pH of 1.00. (4 marks)

What is the function of a buffer in a chemical system ? (1 mark)

Combustion of coal which contains sulphur produces a gaseous sulphur compound. This
compound, when released into the atmosphere, undergoes a series of reactions eventually
forming "acid rain". Explain this process, and support your answer with appropriate equations.
(3 marks)

A 0.60 M solution of the weak acid HX is found to have a pH = 4.30. Determine Ky for this
acid. (3 marks)

Calculate the [H30%] of a solution with a pOH of 3.86. (2 marks)
Give the formula for each of the following :
a) a third row amphiprotic hydroxide. (1 mark)
b) a third row basic hydroxide. (1 mark)
Determine the [H*] in 2.4 M HF. (2 marks)
If you were given two unknown acids of equal concentration, briefly describe how you would

identify the stronger acid. What testing material or instrument would you use, and how would
you interpret your results ? (2 marks)
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

In an acid-base titration, it was found that 18.4 mL of 0.200 M NaOH was required to
neutralize a 0.22 g sample of a monoprotic acid. What is the mass of one mole of this acid ?
(3 marks)

a) Compare the ease with which the first hydrogen ion (proton) is removed from a
diprotic acid in relation to the ease of removal of the second hydrogen ion. (1 mark)
b) Use an example from the table of acids to illustrate the above situation. (1 mark)

The weak acid, HCIO, has a Ky of 3.24 x 10-8. Calculate the pH of a
0.076 M solution of HCIO. (3 marks)

A solution with a pH of 4.20 is found to contain twice as much conjugate base as acid.
alculate the value of the acid dissociation constant (K) for this monoprotic acid. (3 marks)

Identify each substance in the following equation as either an acid or a base, and then state
hether the position of equilibrium favours the reactants or products. (3 marks)

HOOCCOO (3g) + H2PO4 (aq) < HOOCCOOH (5q) + HPO42- (aq)

Calculate the pH of a 0.40 M solution of benzoic acid, CgH5COOH.
Kg for CgH5COOH is 6.6 x 10-2. (3 marks)

25.0 mL of 0.025 M Ca(OH)» is completely neutralized by 28.3 mL of HCI solution. What is
the concentration of the HCI solution ? (3 marks)

Ca(OH)2 + 2 HCl — CaClp + 2 H»0

a) Write the equation for the acid-base equilibrium reaction that occurs when
aqueous solutions containing equal concentrationsof HCO3" and 8032‘ are
mixed. (2 marks)

b) What acid in the above equilibrium will be present in the greatest
concentration ? (1 mark)

Write a balanced equation showing the formation of a basic aqueous solution using the metal
xide SrO. (1 mark)

SO» is a waste product in some industrial processes. State the environmental problem
ssociated with SO» (g) write the equation that accounts for this problem, and give one effect on
the natural environmgnt. (2 marks)

a) Write the balanced molecular (formula) equation for the reaction between solution of
NaOH and H2SO4. (1 mark)
b) Write the net ionic equation for the above reaction. (1 mark)

Write an equation that shows HCIO> acting as a weak acid in water. (2 marks)

Calculate the pH of a 0.70 M solution of boric acid, H3BOs. Include the ionization equation of
H3BO3 as part of your answer. (4 marks)

The hydrogen carbonate ion ionizes as a weak base according to the following equation:
HCO3 (ag) + H20(¢) < H2CO3(aq) + OH(ag)
Calculate the value of Ky for HCOs™. (1 mark)
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29.  Calculate the volume of 0.185 M HCI necessary to neutralize 2.36 g of Ba(OH)2. (3 marks)

30.  Define the term “amphiprotic” and give an example of a chemical species that is amphiprotic.
(2 marks)

31.  Write the net ionic equation for the hydrolysis reaction that occurs when Be(CH3COO): is
dissolved in water. (2 marks)

32. Using KF as one of the reagents, describe how to prepare a buffer solution. Write the equation
of the equilibrium present in this buffer, and state the purpose of a buffer solution. (3 marks)

33.  Ammonia, a weak base, establishes the following equilibrium in water:
NHs@g) + H20g) < NHs'ag) + OH (ag)
Calculate the [OH"] ina 1.0 M solution of NH3. (4 marks) 91-6 #10



ACID/BASE REVIEW

ANSWERS

MULTIPLE CHOICE:

CoNoA~WNE

WOWXT>OWWP>PUTITIUTUPI>OOI>PTO>IPPTOOOTO>DTITO>>OOTTOTO

39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
75.

O>>O0O>O0OE>POTOOOT>PTO>>T>O>>O>>O0OE>>OOOTTTIPDWOTO

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
111.
112.

113.
114.
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ANSWERS

WRITTEN RESPONSE:

1.

o > w DN

© © N o

10.
11.
12.

13.

14.

1.5x 105

H¥(ag) * OH"(ag) — H20 ())
3.0x 108

13.44

HS(aq) + H20 (1) <> H2S (aq) + OH-
I’eangﬂz ( ) (aq) (aq)

basic because K > Ky

0.76 grams

to prevent rapid changes in pH due to addition of H* or OH- ions.
S(s)*+02(q = 302

S%((j (g) + H%O (|) —> 5&?8304)(0

4.2 x10°9

7.2x10°11m

a) Al(OH)3 or Al(H20)3(0OH)3

b) NaOH

40%x102M

Use a pH indicator or meter. A lower pH indicates a higher [H*] which means

dissociation which means stronger acid.

15.
16.

17.
18.
19.

60 g/mol

a) It's much easier to remove first proton.

b) Ho)SO4 — HT + HSO4~ Kj very large
HSO4~ — H* + S042- K4 not as large

4.30

1.3x104

base, acid, acid, base
reactants

Page 29 of 32

greater
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20. answer: 2.29

CsHsCOOH = CeHsCOO™  + H*
I 040 M 0OM negligible
C -X +X +X (12 mark)
E 0.40 —x X X
T

assume X is negligible (1/2 mark)

Ka = [CeHsCOO[H'] (1/2 mark)
[CsHsCOOH]

6.6 x 107

x? (1/2 mark)
0.40

2.64 x 107

\2.64x107°

51x1073 = [H'](1/2 mark)

x
1

X

pH = —log[H'] = —log(5.1 x 1073%) = 2.29 (1 mark; subtract ¥ for
incorrect sig figs)

21. answer: 0.044 M

mol Ca?* = 0.025mL x 0.025 mol = 6.25 x 1074 mol (1 mark)
L
mol H* = 6.25x 10*mol Ca®* x _2molHCI__ = 1.25x1073 mol (1 mark)
1 mol Ca(OH).
[HCI] = [H'] = 1.25 x 107 mol = 0.0442 M = 0.044 M (1 mark)
0.0283 L

22.  a) HCO3(aq) + SO32(aq) < CO32~(4q) + HSO3"
b) Hcogiaq) (aq) (aq) (aq)

23. SO (5) + HpO (1) = Sr2*(aq) + 2 OH(aq)

24. SO» produces acid rain. This acidifies lakes which kills fish. (It also destroys plant roots and
damages leaves.)
SO OB H2O I — H2SO3 (aq) Of
2509 (g)t 092 (g) t 2H70 (I —2 2 Hp2SOy (aq)
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25. a) 2NaOH@q) + H2SOsaq — 2H20¢y + NazSOa(ag)
b) H'g) + OH @y — H20q)

26. HCIO; + H20 < HsO* + ClO2 [1 mark for correct reactants and products ]
1 mark for equilibrium
or HCIO; < H" + CIO2”

217. H:BO3ng + H0 — HiO'ag) + H2BO3 @y (1 mark for ICE table)
I 0.70 M negligible 0
C —X +X +X
E 0.70 —x +X +X
T

assume x << 0.70 (1/2 mark)

Ka = [H30"][H2BO37]
[H3BOs]
Ka = 65x101° = x? (1/2 mark)

0.70

x =4/(0.70)(6.5x107°)
X = [H30"] = 21x10° M (1/2 mark)

pH = —log[H30*] = —log(2.1 x 107°) = 4.67 (1/2 mark)
(1/2 mark for correct sig figs)

28. Ko (HCO3") = Kw
Ka(H2CO3)

Kp (HCOs7) = 1.00 x 107" (1/2 mark)
4.4 x1077

=23x107? (1/2 mark)
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29.

30.

31.

32.

33.

moles Ba(OH)2 used = 2.36 g x _1mol (1/2 mark)
17139

= 1.38 x 102 mol (1/2 mark)

moles HCI required = 1.38 x 1072 mol Ba(OH), x _ 2HCI
1 Ba(OH)2

= 2.76 x 1072 mol (1 mark)

volume HClI required = 2.76 x 102 mol x __ 1L
0.185 mol
= 0.149L (or149 mL) (1 mark)

A substance that is capable of accepting or donating a proton.
or A substance capable of acting as an acid or a base.

CH3COO ag) + H20g) < CH3COOHg) + OH ()
(1/2 mark for each chemical species above)
(If balanced molecular equation is given one mark awarded.)

To the KF solution add the conjugate acid of F~, namely HF } (1 mark)
or Add any weak acid

HF@g) + H200) < H3O@g) + F )
or  Fg + HO0p < HF@g) + OH ) (1 mark)
or an appropriate balanced equation using a different weak acid.

NHs@) + H20p < NHi'@y + OH g
I 1.0M 0 negligible
C —X +X +X
E 1.0 —x X X

/r

assume x is insignificant

Kb

Kw___ = 100x10" = 18x107 (1 mark)
Kao(NHs) 5.7 x 1070

Kb

[NHs*][OH] = P
[NHs] 1.0
T
(1/2 mark)

1.8 x 107 (1/2 mark)

X = [OH] = 42x103°M (1/2 mark)



