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Lesson 3: Hydrogen lons and pH

lon Product Constant for Water

Write the self-ionization equation for water. Compare the numbers of hydronium and hydroxide ions formed.

The ion product constant for water (Kw) is the value of the equilibrium constant expression for the self-ionization

of water.
The lon Product of Water
K. is the ion product constant for water.
- + OH— [H] represents the concentration of the
w [H ][ ] hydrogen ion. [OH™] represents the
concentration of the hydroxide ion.

Writing Aw

[H,0] does not appear in the denominator. Why? _ _ _ _
In dilute aqueous solutions, the product of the concentrations of the hydrogen ion and the

hydroxide ion equals K v.

Experiments show that in pure water at 298 K, [H] and [OH] are both equal to 1.0 x 10”7 M. Calculate Kw.

Kw and Le Chatelier’s Principle

Does Kw change when the concentration of hydrogen ions increases? Why?

Explain this change in terms of Le Chatelier’s principle.

Calculate [H*] and [OH] Using Kw

At 298 K, the H" ion concentration in a cup of coffee is 1.0 x 10> M. What is the OH" ion concentration in the

coffee? Is the coffee acidic, basic, or neutral?

The concentration of either the H+ ion or the OH- ion is given for four aqueous solutions at 298 K. For each

solution, calculate [H+] or [OH-]. State whether the solution is acidic, basic, or neutral.
a.[H1=1.0x10"M

b.[OH]=1.0x10"M

c. [OH]=1.0x10°M

d.[H']=4.0x10°M
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What is pH?

The pH of a solution is the negative logarithm of the hydrogen ion concentration.
A solution with a pH of 0.0 is strongly ......cccccccooooccceeee. ; asolution with a pH of 14.0/is strongly ......cccooovvvvvciiinnrrriii.

A change of one pH unit represents a tenfold change in ion concentration. Determine whether seawater

(pH=8) or detergent (pH=10) has a higher concentration of H* ions. How many times higher?

What is pOH? pOH — —10g [OH_]

The pOH of a solution is the negative logarithm of the hydroxide ion concentration.
pH + pOH = 14.00

HT 1 107" 107 107 107 107 107 1077 107 107 107 07" 107" 107 107
pH 0 1 2 3 4 5 6 7 8 9 10 N 1 13 14

pOH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[oH1 107 107 107" 107" 107" 10 107 1077 107° 10 107" 1072 1072 107

Increasing )t

Increasing
E— acidity — Neutral basicity <

What is the pH of a neutral solution at 298 K?

Calculate the pH of solutions having the following ion concentrations at 298 K.

a. [H]=1.0x10"M
b.[H]=3.0x10°M
c. [H]=0.0055M

d. [H'] =0.000084 M

Challenge Calculate the pH of a solution having [OH]=8.2 x 10° M.
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Atypical cleaner has a hydroxide ion concentration of 4.0 x 103 M. calculate the pOH and pH of a cleaner at 298 K.

Calculate the pH and pOH of aqueous solutions with the following concentrations at 298 K.

a.[OH]=1.0x10°M
b. [OH]=6.5x10*M
. [H]1=3.6x10°M
d.[H]=25%x10"2M
e. [OH]=0.000033 M
f.[H*] =0.0095 M

Challenge Calculate pH and pOH for an aqueous solution containing 1.0 x 10 mol of HCl dissolved in 5.0 L of

solution.

Calculating ion concentrations from pH

[H*] = antilog (—pH) [OHT] =

Calculate [H'] and [OH] in each of the following solutions.

a. Milk, pH = 6.50.

c. Milk of magnesia, pH=10.50

b. Lemon juice, pH =2.37

d. Household ammonia, pH=11.90

e.Blood, pH=7.40

Challenge Calculate the [H"] and [OH] in a sample of seawater with a pOH = 5.60.
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Molarity and the pH of strong acids and bases

Strong acids and bases are essentially 100% in the form of ions in solution.

If a flask contains 0.1TM HCl. What is the [H] in the fIask? .........c.coiiieeeee e
If a flask contains 0.1M NaOH. What is the [OHT] inthe flask? .......cccooooiiiiiiieeeee e
Explain why you cannot obtain the [H'] directly from the molarity of a weak acid solution.

Strong polyprotic acid and Multiple OH"

The concentration of hydroxide ions ina 7.5 x 10* M solution of Ca(OH); IS ...eveecvvvrveeeceemmmnnneecccrrrereemmiiissseeccessseseesennns
Calculating Ka from pH

Write the Ka expression for HF(aq) = H* (aq) + F (aq)

Calculate Ka for HF if the pH of 0.100M solution is 3.20.

[HF] = 0.100M - ..o T e

The pH of a 0.100M solution of formic acid (HCOOH) is 2.38. What is Ka for HCOOH?

1.8x10%
Calculate the Ka for a 0.220M solution of H;AsO,, pH =1.50

5.4x1073
Calculate the Ka for a 0.0400M solution of HCIO,, pH =1.80

1.1x 1072
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Calculate the Ka of the following acids using the given information.

a. 0.00330M solution of benzoic acid ( CgH;COOH), pOH =10.70

8.9x10°
b. 0.100M solution of cyanic acid (HCNO), pOH = 11.00

1.0x10?
c. 0.150M solution of butanoic acid ( C;H,COOH), pOH=11.18

1.5x10?

Challenge Calculate the Ka of a 0.0091M solution of an unknown acid (HX) having a pOH of 11.32. Use

Table 4 to identify the acid.

6.3 x 10°*(HF)

Measuring pH

Figure 16 The approximate pH of a solution can be obtained by wetting a piece of pH paper with the solution and comparing the
color of the wet paper with a set of standard colors as shown in a. The portable pH meter in b, which is being used to measure the
pH of rain water, provides a more accurate measurement in the form of a digital display of the pH.
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What is the K; value of 0.0091 M solution of 0.0091 M 23S 5 HF sl y gl Qaaa J glaal K, Aadd ba
hydrofluoric acid HF with a pH =2.68? ‘pH=2.68 3

HF(aq) = H*(aq) + F(ag)

i Ks=6.3 X 10~ @)

b, Ko=7.6 X 1075 O

5 K;=9.9 X 10°5 O

d Ka=4.8 x 10~ (@)

If [OH] = 2.5 % 10~ Min a solution. Lo dsae A[OH 1=2.5 % 107 M S 13

What is the pH of the solution? T sl oll pH da8 Lad
4.7 @)
6.6 @)
7.4 O
3.5 @)

The pH of a 0.200 M solution of hydrofluoric acid HF Sliyglig gl imen (50 0.200 M Jsladl pH ag jagll 5500

is 2.15. What is the Ka value of HF acid? THF JawsiKa datle. 2.15 s HF
4.7 x 1071 O
3.2 x 107 O
1.8 x 107 O
2.6 x 107 O
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What is the pH value of 6.50 x 1072 M calcium

hydroxide Ca(OH), solution?

9.8

7.5

4.3

13.1

555 Ca(OH), asundi€ll 258 Jolad pH 28 L

£6.50 x 102 M

O O O

O

Which is the correct arrangement according to
the pOH values of the solutions (X), (Y), and (2)
which have the following characteristic?

3(Y) 3 (X) Jtaall pOH 4ad i ganall (saelualll s ) La
¢ Al padladdl 23 (2)

(X):pH = 10.5

(Y): [H*] = 10712

(Z): [OH"] = 107°

A. glowest) (Y) = (X) = (Z)nighest

ey (Z) « (X) « (Y) @3 .A

B. jowest) (X) — (Y) = (Z)(nighest)

(Y1) (Z) «(Y) «(X) (=) .B

C. gowest) (Z) — (X) = (¥) (nighest)

oy (Y) « (X) « (Z) @ .C

D. owest) (X) — (Z) — (Y)(nighest)

s (¥) « (Z) « (X) (4 .D

How many times increases the concentration
of hydrogen ions [H*] in the solution X than
in the solution Y according to the figure
below?

08 X dptaal b [HY] Oamg sl Sl 35 3030 83 8
oL e 1 aeaan Y (J plaall

Xglrs Y Jsine
solution X solution ¥

¢

¢

9 10 n n k) "

A. 2 times () 2.A
B. 10 times =i 10 .B
C. 100 times 334100 .C
D. 1000 times 33+ 1000 .D
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Which is the correct arrangement according to the
pH values of the solutions (X), (Y), and (Z) which
have the following characteristic?

Jellaall G JSI pH aﬁé%\meﬂdl e lalll qud il L
SR ailadd) i3 (2) 5 (Y) 3 (X)

(X): pOH = 9.5

(¥): [H*] =10"°

(Z): [OH7] = 107

A. iowest) (Y) = (X) = (Z)nighest)

s (Z) « (X) « (V) @) -A

B. (lowest(X) = (V) — (Z)nighest)

) (Z) « (¥) « (X) (o) B

C. tlowest) (Z) = (X) = (¥) (nighest)

(059) ¥) « (X) «(2) (&) .C

D. towest) (X) = (Z) — (¥)(nighest)

) (V) « (Z) « (X)) .D

How many times increases the concentration of
hydrogen ions [H*] in the solution X than in the
solution Y according to the figure below?

08 X Jstaall A [HT] g bl sl 385 3 8a a8
oL i ) G Y glaall

XJolxo Y Joglxo
solution x solution Y
pH 0 1 2 3 4 5 6 7

T
4

A. 2 times (Chx) 2.A
B. 10 times <l 10 .B
C. 100 times 52100 .C
D. 1000 times 5% 1000 .D

Which of the following aqueous solutions is acidic?

¢ penam 2050 3L el

298 K 2= 3150
( Concentrations at 298 K) HEE)
D Jsladl C sl B Jslaall A Jaladl
Solution D Solution C Solution B Solution A
[H*]- 4.0x 1074 [OH7]=1.0x 1077 [OH-]=1.0x 1073 [Hf]= 1.0x 1073

Solution A A Jaladl)
Solution B B Jalsdl
Solution D D Jelaall
Solution C C Jelad!
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What is the correct ascending order according to fald G masall saoleatl) sl L

the pH value for each of the following solutions? ¢ Al Jdlaadl e J<EpH
A il L gyl Sl e — —
Household ammonia Lemon juice Milk of magnesia Milk
pOH=2.10 pH= 2.37 [OH"]=3.2x 107 [H*]=3.2x 1077

Milk of magnesia — milk — lemon juice — household ammonia Ayl gl (el % Do Ll L

Milk — household ammonia — lemon juice — milk of magnesia .. 1 1. -0 = 2050 Lig ) )

Household ammonia — lemon juice — milk — milk of magnesia | .. y .. D e Gl juae — Adjiad Ligd!

Lemon juice = milk — milk of magnesia — household ammonia il g Luainal ! N e el

What is the value of K, of 0.0400 M solution of acid HCIO, 0.0400 M 2353 HCIO, ass Jolaal K, das L
¢pH=1.80
with pH=1.80? P 2
49%x107°
5.8x 1073
1.0x 1072
2.6x 107*
What is the value of K, of 0.0044 M solution 0.0044 M 5,5 CgHsCOOH aas Jsladd K, 40 L
of acid C4H;COOH with pH=3.307? *pH=3.30
3.8x 1072 @)
26x 10~* O
6.5x 1073 @)
4.9% 1077 @)
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What is the correct ascending order according

to the[OH ~] value for each of the following solutions?

dad g.unc__m‘a“ Eg&cbal“ gl Lo

¢ 2l (llaal) (e IS [OHT]

D Jgsall C Jslsall B Jsall A Jslsall
Solution D Solution C Solution B Solution A
[H*]= 2.5% 10~2m [OH™]= 4.0x 103Mm pH=7.40 pOH=5.60

Solution D = solution B = solution A = solution C

Solution B = solution € — solution D = solution A

Solution C — solution A — solution B — solution D

Solution A — solution B — solution C — solution D

Which of the following solutions is basic?

C Jsladl e« A Jsladll « Blsaall « D Joladl

A Jsal « D ading €kl B Jylaall

D Jssadll « B Jglsall « AJssall « C Jslsall

D Jshsdll « € Jslsall «— BUslsdll « A Jslaall

$sae 8 At Jdlaal) éi

298 K e 3150
( Concentrations at 298 K) ( 2S5 )
Q}‘-"m Hr J:g" cla g-;a_' 4 5,)65 uu
Lemon juice Seawater Pure water Coffee cup

[H*]= 6.0 103

[OH-]= 1.0x 10-6

[0H-]= 1.0x 10~7

[H*]= 1.0x 105

Pure water & sla
Lemon juice Osadll juac
Seawater adl ela
Coffee cup Bsgd (ylad
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