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Kw: The Self-lonization of Water

Self-lonization of Water

¢ To understand whether a solution is acidic or basic, we use pure water as a neufl'fﬁ\ starting point.

e Inthe aulp-ionmz atidn, of water, a water molecule produces a hydronium ion, H;0", and a

I

hydroxide fon, OH'. Water acting as both |

an acid an-d a base I

H20(1)+ Hzo(z)&_ Hgmgag) + OH ™ (agq)

Add  Base
{proton donor) (pmton accept@r)f

M Lt I

A. The self-ionization of water produces 6% v ol amounts of hydronium and hydroxide ions.
e _Eachion has a concentration of | x (0™ % M. (in pute water at 25°C)

e Since each ion has equal concentration, we say that pure water is_Ne uhral

A o . -1
B. The equilibrium constant for the self-lonization of water, K, is | % 10 4

_ [products]

reactants] = [products] = [H*][OH™] (reactants get crossed out because reactants are liquids)

w

w=(1.0x107)(1.0x107)=1.0x10™  (at25°%)

Neutral, Acidic, and Basic Solutions: A solution is then determined to be acidic or basic depending on which ion is in

greater concentration.

Acidic: [H'] > [OH7] Neutral: [H'] ~ [OHT] Basic: [H'] < [OH]

Why is K, useful? If you know the concentration of H' in solution, [H'], you can caleulate [OH"] (and vice versa).

Example 1: Given an aqueous solution of 2.7 x 107%™ Ba{OH},: 5

- U _
a. Calculate [OH]: 2.7 E -4 M &“<'bHJ3~,4 %__.(?_\i_k "m M OH

! @w&o%\)

¥ -4 7 T
b. Calculate [H']: K = LU COH-1 = [urd= [OH{}: -:—S-:l-:— ‘"L q wl O lVl ﬂ

¢. Isthe solution acidic, basic, or neutral? lOGEJ:CI. (EC‘H”:] 7 LH&H)

Example 2: An aqueous solution of HNO; has an [OH7] concentrafion of5.1x 1071 M.

a. Calculate the [H]. EH*] = K - E:ﬁ_ﬁ@m
£0H~] 5.1e-N q
T e + y !.‘jt
b. What is the molarity of HNO;? {Q O x| 'HM H;\JU S‘Jlrphg 4(‘/16{ fo L H’ j L Gen

g ] - 1)
¢. Is the solution acidic, basic, or neutral? Ofc‘d’c' : ([H+j > L 0+ :‘f)
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The pH Scale

pH and pOH scale: Another way to express if a solution is acid or basic is to use the pH scale.

1. The letters pH stand for the French words pouvoir hydrogene, meaning “hydrogen {)ow EC

oo n

2. The letter “p

is short for “_— lo 9 " (just like “x” means multiply)

ion concentration, [H;0"].

3. The pH of a solution is defined as the negative \Og of the }“50\\‘(0"\'\ wnn

Ko wnite for pH

pH = -log [H*]

OR pH =-log [H30"]

VpH
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r”—] The pH Scale

] i
< 0 1 2 3 5 6 7 8 9 il e il e B T i 000 b > IYPH
Acidic pH Basic

2 2 +
g S v 5 el Vet 8 € i U ol e e B (e el B RS T R e Kt 10"4>:{ \\/T,HED J
[H*]

A LU, f<

©2014 Paargon ECu0n,

ns

.
| DX C\-\(/‘v‘ig}(’, .
4. The pOH of a solution is defined as the negative

| Oﬂ of the \ﬂk)( O\f())‘\'d € __ion concentration, [OH].

* ottt For N OH

2 wits pOH = - log [OH-]
— |
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The best part:

Why? It all comes back to the expression for K,,.

K = [Hs0"] [OHT] = A6 AFx107) = 1.0x 10%

Take the log of both sides!

~log[H;0"] + ~log[OHT] = 14

pH+ pOH =14

Yay math!

(at 25°C)
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pH Calculations Concept Map

Ky = CHPICon-3 ""‘:

Significant Figures and Logarithmic Scales w‘% ‘3 Vv
Sig. figs. are the digits O\»Pfe(r the decimal point in the log (\A g \%LSQ)G
‘ 2 gnificant diglm o 2 decimal pllacfé’s_é 351gmﬁcant dlglts . 3dec1malplaces ? (::*
f?g\l@:@ X 1077 = 300 | log@.00X 1072 = 31000
More Examples: log (2.25 x 10°%) = 6.352 log (0.03)=-15  10"*=15 10"° = 80
Nowyoutry! e _ | ‘I_Sf ' \ép ;__fs*?
1. log(4x10%) = 3.0 ' 3 10%%- G
2. log(6.6667x107) =+ 13409 4 10%8=_B3, 000
ssf S of 2sh T
5. Calculate [H'], [OH], pH and pOH of a 0.25 M Ca(OH), solution. : :
Lov-T=025MCalol) 200" o — Ko -4 {":2"“0‘":‘ !fM " j
fy S =[0.50M oH” (W= = L
! Caloll}, Lop-3 =P

T ——

pOoH) = ~logLotT = - fog (0.50) -[5-30) i?“a;og[%iﬂ - oy (2.06-4) -[370)

6. ThepHofa sample of human blood was measured to be 7.41 at 25°C. Calculate pOH, [H*] and [OH] for the

sample.
FOH 14 - pH - 1Y =6 ’ S

[ok3=10" "’DH 1o - LZ Cxlo ""O‘“‘]

A-pht - ul
Cptl = lo Moo 2129 x lo B MY




