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Acid — Base Equilibrium Cheat Sheet

um

Relationships

Equilibrium Expression
_[HO][A]
[HA]

o

K

a4

= Ei—]E—]-V«/he:re x=[H,0"]
M, ]

[x]

[}

0 =

K, - [HB'J[OH']
| [BI

[X][Xi] where x = [OH']

K, =

e}

X100  where x = [H,0" Jor[OH]

K, xK,=1x10"

pH = ~log{H+}

pH + pOH = 14

pOH = —log[OH ]

Ky =[H;0")[OH ] = 1.0x107"* @ 25°C

Acidic pH <7 [H;07]> [OH]

Neutral pH =7 [H;0']=[OH]

Basic pH>7 [H;0"] <[OH ]

Conjugate acids and bases

Kp=[MTIAT MA(s) OxM (ag)+ yA (aq)

Connections

Equilibrium

Buffers and Titrations

Precipitation and Qualitative Analysis

Bonding and Lewis Structures — justify oxyacid strengths

Potentia

1 Pitfalls

K, or Ky, with salt pH

Weak acids and bases — be sure you know what you are
using, acid or base — K, or K,,; solving a K, problem gives
[OH™] thus you are finding the pOH!

Weak is about JONIZATION not CONCENTRATION
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NH;(ag) + HyO(¢) [0 NHy"(ag) + OH (aq) K, =1.80% 107

1. Ammonia reacts with water as indicated in the reaction above.

(a) Write the equilibrium constant expression for the reaction represented above.

[NH;][OH] 1 point is earned for the correct expression
h —
[NH;]
(b) Calculate the pH of a 0.150 M solution of NH;
. 1 point is earned for the correct set up and for
K, = g where x = [OH ] calculating the concentration of hydroxide ions
b4
1805107 = x’ 1 point is earned for the correct pH
' 0.150
1.64x107 = x
—logx = pOH =2.784
pH=11216

(c) Determine the percent ionization of the weak base NH;.

[x] 1 point is earned for the correct percent
0/ . . .
Yo = x100 ionization

o

-3
0= LOPIO 100 = 1.09%
[0.150]

(d) Calculate the hydronium ion, H;0", concentration in the above solution. Be sure to include units with
your answer,

[H,0"][OH ] =1.00x107" 1 point. is ez‘;tmed for the. concentratioln of

Ho'R 10x10™" _ 1 00% 10~ e o10 s hydronium ions with units of mol L™ or M
[OH™] 1.64x107°

OR

[H,0"]1=10""
H,0°1=10"""° =6.08x10™"* M
3
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When a specified amount of ammonium nitrate (NH{NO3) is dissolved in water, the ammonium ions hydrolyze
the water according to the partial reaction shown below. The resulting solution has a pH of 4.827.

(e) Complete the reaction above by drawing the complete Lewis structures for borh products of the

hydrolysis reaction.

+
N o)
H/ \\H + H/ \\H
H H

1 point is earned for each correct Lewis
structure.

2 points possible

(f) Determine the

(i) molarity (M) of the ammonium ions in this solution

[H0" =10 =107 =1.49% 10"
K ) o
S8 LD g 6100
“ K, 1.80x10
[1.49%107°][1.49x107°]

[M]

5.56x107"° =

M =0.400

1 point is earned for calculating the X, for
ammonium ions

1 point is earned for calculating the
concentration of ions in the solution.

(ii) number of moles ammonium ions in 250 mL of the above solution.

M =0.400 1 point is earned for calculating the molar
x mol concentration and the number of moles of
0.400M = ammonium ions
0.250 L
x=0.100 mol
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AP® CHEMISTRY
2005 SCORING GUIDELINES (Form B)

5 Points

- [H;0"][OC1]
“ [HOC]]

=32x10"

Hypochlorous acid, HOCI, is a weak acid in water. The K, expression for HOCI is shown above.

(a) Write a chemical equation showing how HOCI behaves as an acid in water.

HOCl(ag) + H,O()) — OCIl(ag) + H;0"(aq)

One point is earned for the correct chemical equation.

(b) Calculate the pH of a 0.175 M solution of HOCI.

I 0.175 - 0 ~0
C -X — +x +x
E 0.175—«x - +x +x
_ [H07)0C] (o)
@ [HOCI] (0.175)
>C2

32x108 = —

0.175

¥r = (32x107%)(0.175) = 5.6 x 107
x = [H;0%] = 7.5x10° M
pH = —log[H;0%] = —log (7.5 x 107%) = 4.13

HOCl(ag) + H,0()) & OCl(agq) + H;0'(aq)

One point is earned for calculating the value of
[H,0"].

One point is earned for calculating the pH.

(c) Write the net ionic equation for the reaction between the weak acid HOCl(ag) and the strong base

NaOH(ag).

HOCl(ag) + OH(ag) — OCl(aq) + H,0())

One point is earned for both of the correct reactants.

One point is earned for both of the correct products.

Copyright © 2005 by College Board. All rights reserved.
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AP® CHEMISTRY
SCORING GUIDELINES - Modified
Short Free Response
5 Points

HC;3Hs03(aq) 2 H'(ag) + C3Hs037(ag)

1. Lactic acid, HC3H5O5 , is a monoprotic acid that dissociates in aqueous solution, as represented by the
equation above. Lactic acid is 1.66 percent dissociated in 0.50 M HC3HsO5(aq) at 298 K. For parts (a)

through (c) below, assume the temperature remains at 298 K.

(a) Write the expression for the acid-dissociation constant, K, for lactic acid and calculate its value.

[HJ[C3H05-] 1 point earned for equilibrium
a~ [HC,H,0;] expression

1 point earned for amount

0.50 M x 0.0166 = 0.0083 M =x of HC3H;0; dissociating

HC3H;05(ag) - H¥(ag) + C3H505(aq)

I 0.50 ~0 0
C —X +x +x
E 0.50—x +X +x
% [H"][C3Hs057]  [Q.0083][ 0.0083] 1 point earned for
4 [HC3H;05] [0.50] [H*] = [C3H5057] set up
and solution
K,=14x104

(b) Calculate the pH of 0.50 M HC;H;O5.

From part (a):

- 1 point earned for correctly
[H7]=0.0085 M calculating pH

pH = —log [H*] = —log (0.0083) = 2.08

(c) The structure of lactic acid is shown below. Circle the H that is ionized in HC;HO;.

%% I point for identifying the corvest hvifrogen

The virched hvdrogen is ¢ part of the carboxyliv
acid group (COOHE

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board.



AP® CHEMISTRY
2005 SCORING GUIDELINES

Question 1
HC;H;04(aq) 2 C3H;0,7(ag) + H'(aq) K,=134x107°
Propanoic acid, HC;H;0,, ionizes in water according to the equation above.

(a) Write the equilibrium-constant expression for the reaction.

k= IHTICHO; )
¢ [HC3H;0, ]

_ . ) One point is earned for the correct equilibrium
Notes: Correct expression without K, earns 1 point. expression.

Entering the value of K, is acceptable.
Charges must be correct to earn 1 point.

(b) Calculate the pH of a 0.265 M solution of propanoic acid.

HC;H;04(aq) =2 C3Hs0,(ag) + H'(aq)

I 0.265 0 ~0
C —-X +x +x
E 0.265-x +x +x
[H*][C;H.0,” ] (x)(x) One point is earned for recognizing that [H"] and
e = [HC i{ z) 2] = (0.265—1) [C3H;0,™ | have the same value in the equilibrium
3 ' expression.
Assume that 0.265 - x = 0.265,
x° One point is earned for calculating [H'].

then 1.34 x 107 =

0.265
ol -5 — 2
(1.34>107)(0:265) = x One point is earned for calculating the correct pH.
3.55x 1076 = x?
x =[H'] = 188x107° M
pH = —log[H'] = —log (1.88 x 107%)

pH = 2.725

il

il
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AP® CHEMISTRY
2005 SCORING GUIDELINES

Question 1 (continued)

(c) A 0.496 g sample of sodium propanoate, NaC;HO, , is added to a 50.0 mL sample of a 0.265 M solution
of propanoic acid. Assuming that no change in the volume of the solution occurs, calculate each of the

following.

(i) The concentration of the propanoate ion, C;HsO, (ag) in the solution

1 mol NaC;H.O
mol NaC,H,0, = 0.496 g NaC3H;0, %moo Na AT One point is earned for
Vg NabsHsty calculating the number of
mol NaC;H;0, = 5.17 x 1072 mol NaC;H;0, = mol C3H,0," moles of NaC3H;0,
- molC{H;0,7 5.17x107* mol C3H;0," One point is earned for the
[C3HO, 7] = volume of ;olution - 0.050 L = 0.103 M molarity of the solution.

(ii) The concentration of the H"(ag) ion in the solution

HC HO4(aq) 22 C3H;0,(ag) + H(ag)

I 0.265 0.103 ~0
C -X +x +x
E  0.265-«x 0.103 +x +x

_[HIICHS0,7 ] (x)(0.103+x)
a [HC,H0,] (0.265—x)

One point is earned for calculating the
value of [H'].

Assume that 0.103 +x = 0.103 and 0.265 —x = 0.265

(x)(0.103)
0.265

5, 0.265
= [H'] = (1.34 x 107) x ——=
x = [H]=( T

K,=134x107 =

=345%x107° M

The methanoate ion, HCO, (aq) , reacts with water to form methanoic acid and hydroxide ion, as shown in the
following equation.
HCO, (ag) + H,O()) = HCO,H(aq) + OH (aq)

(d) Given that [OH] is4.18 x 107® M in a 0.309 M solution of sodium methanoate, calculate each of the
following.

Copyright © 2005 by College Board. All rights reserved.
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AP® CHEMISTRY

2005 SCORING GUIDELINES

Question 1 (continued)

(i) The value of K, for the methanoate ion, HCO, (ag)

HCO, (aq) + H,0() = HCO,H + OH™(aq)

I 0.309 - 0 ~{)
C —x - +x +x
E 0309-x - +x +x

x = [OH] = 4.18x 10°° M

_ [OHJIHCOH] _ (¥)(x)
[HCO,™] (0.309-x)

_ (4.18x107°%)?
(0.309-x)

Ky

x is very small (4.18 x 107 Af), therefore 0.309 —x = 0.309

_ (4.18x107°)?
0.309

b = 5.65x 107"

One point is earned for substituting

4.18 x 107 for both [OH7] and
[HCO,H], and for calculating the

value of K,

(it) The value of K, for methanoic acid, HCO,H

Kw = Kabe
K, 00x1071
K, =Ko - 100><()H
K, 5.65x10”

K =177x10"

One point is earned for calculating a value of K, from
the value of K, determined in part (d)(i).

(e) Which acid is stronger, propanoic acid or methanoic acid? Justify your answer.

K, for propanoic acid is 1.34 x 107, and K, for methanoic acid is

1.77 ¥ 10™*. For acids, the larger the value of K, , the greater the
strength; therefore methanoic acid is the stronger acid because
1.77x107% > 1.34 x 1075,

One point is earned for the correct
choice and explanation based on
the K, calculated for methanoic

acid in part (d)(ii).

Copyright © 2005 by College Board. All rights reserved.
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AP® CHEMISTRY
2007 SCORING GUIDELINES

Question 1
HF(aq) + H,O(l) & H;0%(aq) + F (agq) K,=172x 1074

Hydrofluoric acid, HF(aq), dissociates in water as represented by the equation above.

(a) Write the equilibrium-constant expression for the dissociation of HF(ag) in water.

K = W One point is earned for the correct expression.

¢ [HF]

(b) Calculate the molar concentration of H;O" ina 0.40 M HF(aq) solution.

R ‘
_HOTIETL - (00 gy g One point is earned for the correct setup

K(l
[HF] 0.40 - x (or the setup consistent with part (a)).

Assume x << 0.40, then x2 = (0.40)(7.2 x 107

x = [H0%] = 0017 M One point is earned for the correct concentration.

HF(aq) reacts with NaOH(aq) according to the reaction represented below.
HF(ag) + OH (aq) — H,O(]) + F(aq)

A volume of 15 mL of 0.40 M NaOH(ag) is added to 25 mL of 0.40 M HF(ag) solution. Assume that
volumes are additive.

(¢) Calculate the number of moles of HF(ag) remaining in the solution.

i

initial mol HF(ag) — mol NaOH(ag) added One point is earned for
determining the initial number
(0.025 L)(0.40 mol L—l) —(0.015 L)(0.40 mol L—l) of moles of HF and OH— .

mol HF(aq)

I

I

0.010 mol — 0.0060 mol = 0.004 mol One point is earned for setting up

and doing correct subtraction.

(d) Calculate the molar concentration of F7(ag) in the solution.

One point is earned for
mol F~(ag) formed = mol NaOH(ag) added = 0.0060 mol F~(ag) determining the number
of moles of F(ag).

0.0060 mol F~(aq)

— = 0.15M F(aq) One point is earned for dividing
(0.015+0.025) L of solution

the number of moles of F7(ag)
by the correct total volume.

© 2007 The College Board. All rights reserved.
Visit apcentral .collegeboard .com {for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® CHEMISTRY
2007 SCORING GUIDELINES

Question 1 (continued)

(e) Calculate the pH of the solution.

[HF] = 0.004 mol HF 0.10 M HF .
0.040 L.
R ‘
k - BLOTIFT] | [HFIxK, _ .0
[HF] [F~]

One point is earned for indicating
010 M (7.2x 10“4) 4 that the resulting solution is a buffer

- 0.15M = 4810 (e.g., by showing a ratio of [F~] to [HF]

ormoles of F~ to HF ).

= pH =—log (48 x 107% = 3.32

OR
pH = pK. + log [F~] One point is earned for the correct calculation
“ [HF] of pH.
0.15M
= —log (7.2 x 107% + log
g ( ) ToioM
= 3.14+0.18
= 3.32

© 2007 The College Board. All rights reserved.
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AP® CHEMISTRY
2009 SCORING GUIDELINES (Form B)

Question 1 (10 points)

A pure 14.85 g sample of the weak base ethylamine, C,HsNH,, is dissolved in enough distilled water to make
500. mL of solution.

(a) Calculate the molar concentration of the C,H;NH, in the solution.

1 mol C,HsNH,
45.09 g C,HsNH, One point is earned for the
correct number of moles.

nc,HgNH, = 14.85 g CoHsNH, X

it

0.3293 mol C,HsNH,

0.3293 mol C,H.NH One point is earned for the
My, = 0300 ‘L 22 = 0.659 M correct concentration.

The aqueous ethylamine reacts with water according to the equation below.

C,HsNH,(ag) + H,O()) & C,H;NH;(ag) + OH (ag)

(b) Write the equilibrium-constant expression for the reaction between C,H;NH,(ag) and water.

_ [C,HsNH;"J[OH ]

& [C,HsNH, |

One point is earned for the correct expression.

(¢) Of C,H{NH,(aq) and C,H;NH; (aq), which is present in the solution at the higher concentration at
equilibrium? Justify your answer.

C,H4NH, is present in the solution at the higher concentration at
equilibrium. Ethylamine is a weak base, and thus it has a small One point is earned for the

K, value. Therefore only partial dissociation of C,H;NH, occurs in | correct answer with justification.
water, and [C,HsNH;"] is thus less than [C,HsNH,].

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® CHEMISTRY
2009 SCORING GUIDELINES (Form B)

Question 1 (continued)

(d) A different solution is made by mixing 500. mL of 0.500 M C,H;NH, with 500. mL of 0.200 A/ HCI.
Assume that volumes are additive. The pH of the resulting solution is found to be 10.93.

(i) Calculate the concentration of OH (aq) in the solution.

pH = —log[H']
[H] = 107199 = 117 x 107!
o _ K, 1.00 x 107" .
[OHT] = = = — = 85x107* M o )
[HT] 117 x 10 One point is earned for
OR the correct concentration.,

pOH = 14 -pH = 14-10.93 = 3.07
pOH = —log[OH]
[OH =107 = 85x 1074 M

(i) Write the net-ionic equation that represents the reaction that occurs when the C,H;NH, solution is
mixed with the HCI solution.

C,H{NH, + H;0" - C,H;NH;* + H,0 One point is earned for the correct equation.

(iii) Calculate the molar concentration of the C;H.NH,"(aq) that is formed in the reaction.
2MsiNEl {dg

moles of C;HgNH, = 0.500 L x 2200001 — 250 oy One point is eamed for the
correct number of moles of
moles of H,0% = 0.500 L 9-'-12-9(-5%%91 = 0.100 mol C;HsNH, and H;0"
[C,HsNH,] [H;07] [C,HNH; ]
initial value 0.250 0.100 ~0
change | —0.100 ~0.100 +0.100
final value 0.150 ~0 0.100
. One point is earned
[C,HNH;' = 0.100 mol C,HsNH;™ 0.100 M for the correct concentration.

1.00 L

© 2009 The College Board. All rights reserved.
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AP® CHEMISTRY
2009 SCORING GUIDELINES (Form B)

Question 1 (continued)

(iv) Calculate the value of K, for C,HsNH,.

One point is earned for the

_ 0.150 mol C,H NH, correct calculation of the
[CHsNH,] = 1.00 L = 0.150 M molarity of C,H;NH, after
2H5INR,
neutralization.

+ - ~4
- [CQHSNHg ][OH ] — (0]00)(85)(10 ) - 5.67)(10-4

[CyH NH,] 0.150 One point is earned
s for the correct value.

K

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.






