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WATER CHEMISTRY

- Water self-ionizes!
2 M0 == Ha07+ OH-
or

H,0 = HY «OH™

This is an equiilibrium reaction!

L H%D—\(] [OHF]

K = (X) = molar concentration of "X
L
[R0]
INn agueous solution, ( Hzo) is essentially constant, so we roll that
info K.

K= JHz0) (oK™ ] =10u0™

AN

— This is the value at 25C



130 WATER CHEMISTRY

- The self-ionization of water has a small equilibrium constant. What does this imply?

THE CONCENTRATION OF HYDROXIDE AND HYDRONIUM ION
IN PURE WATER IS VERY SMALL!

How small?

1P\'1_O<" H&,O « OM°

1\

In pure water, the concentration of hydroxide and hydronium
must be equal, since they are formed at the same fime and
at the same ratio from the ionization reaction of water.

- -1y
S - -« -
Kw=Cp0*200H ) = 1 41D
Solve...
Let X' equal the change in concentration of hydronium ion...

(YY) =t.oxo™"
= Loylo™"

X = loxio™ /M= CHg0" )= CoH |

I
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‘0" NOTATION

- "p" notation helps us deal with the very small numbers we encounter when working with
acids, bases, and water.

- based on log base 10 On a calculator, use
Lo K

|
- e
PH = ~log, L#307] LHa0%] = 10 P

/“(‘)H M CANS _\03‘0

So,

_ POH

\ POI :“\OS\EOH”J [O\'\'l = 10




"0" NOTATION

- Apply "p" notation to the water self-ionization reaction!

= CH30™ 300w ) = Looxio™

becomes ...

PKW: VH ~ pOH = |4.00

Taking the "p" (hegative log base ten) of the equilibrium constant
is often used for BUFFER SOLUTIONS, which we'll discuss
later!



133 ACIDITY AND ALKALINITY

-AtpH =7, pH = pOH. The solution is considered NEUTRAL
. -1/
\ Ao, Cufl > [on].
- At pH <7, pH < pOH. The solution is considered ACIDIC

| Aso , Tt I> Lo ]/

-AtpH > 7, pH > pOH. The solution is considered ALKALINE (BASIC)

| Also , Tt I< [ou™]

The pH scale...

ACIDIC ALKALINE
CH"‘E? |« 10”7 EH*’:&{ | «i0-7

pH =7/ pH =14
NEUTRAL

(Cnt] :l\uo“’7

O
I
Il
o
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pH AND TEMPERATURE

PKW: PH T PO\’\ = \LLOO

This equation is valid at room temperature, specifically 25OC.

Equilibrium constants depend on TEMPERATURE, and change with temperature.

So, the "neutral’ pH (where the concentration of hydroxide and hydronium ions are
equal) CHANGES with changing tfemperatures

o)
This change is important at temperatures greatly different from 25 C.

As an example, consider average "'normal” human body temperature: 37° C

AY 37°C | YDXK\M =13.60
PH O(' Y\euf\'f"h\ So\u‘\)’;OV\ :Q—é
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ACID-BASE EQUILIBRIUM IN WATER

- Like other ELECTROLYTES, acids and bases IONIZE to some extent in water

- STRONG electrolytes ionize completely. Acids and bbases that ionize completely in water
are called STRONG ACIDS and STRONG BASES

- WEAK electrolytes ionize partfially, remaining mostly non-ionized. Acids and bases that
ionize only partially in solution are called WEAK ACIDS and WEAK BASES.

- Most acids and bases are WEAK!

Common strong acids Common strong bases
RC) NoDH | olkall me bl
HN D2 \\/ on | Wy J\ro;\AAj&c
Hq S0y ( 0nly, “X‘Wfro%o V\) 0\4\ rof
H e

mp
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SIMPLE pH CALCULATIONS: STRONG ELECTROLYTES

- With strong acids and bases, the acid or base completely ionizes in water. So, we only
have to worry about the effect of the acid or base on the water equilibrium itself.

- Since the equilibrium constant for the self-ionization of water is so small, the strong acid
or base will. overpower the hydronium (for acids) or hydroxide (for bases) produced by

the water. L~ - _
0+ H, 0 = Hy0"tOH™ “ k=

Consider a solution of 0.025 M nitric acid (a strong acid):

HAO 2 + R 50— H3 6T +N6 3_ Nitric acid is a strong electrolyte, meaning that
effectively all nitfric acid molecules produce

nydronium ions...
The ionization of the acid will produce 0.025 M hydronium ion, and this hydronium ion
will suppress water's own ionization (by Le Chateleir's Principle). So we can effectively
ignore water's equilibrium here and assume the concentration of hydronium ion is
set by the hydronium production of the strong acid.

[Pgo* 3 = THN3 ) = 0.025m 55 gH = ~log ((0.016) =l ¢o |

Let's look at the amount of hydronium water would produce under these conditions and
see if it's really ignorable. Find (OH-), which will be equal to the amount of hydronium ion
the water itself makes (since each time water make a hydroxide it HAS to make a hydronium

jon!) ) . _
- (0-628) L 0H™ 3 = LLooNi K ( ot Yon~J=1oxio™™)

L UH‘.B - L)oO\”O’,?){V\ =z [H’SU-‘-:} P(‘u}‘\)(e(/\ B‘f WML(/"/

oxlo”'7
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Consider a solution of 0.0125 M sodium hydroxide (a stfrong base):
Mo 0F (t»q]_7 Me (ag) = Ok~ {ML]

The NaOH ionizes completely, meaning that essentially all NaOH is converted to
hydroxide ion.

Hao tHyo = Hso™ +0H
As before, The presence of one of the products of water's ionization will suppress water's
own ionization. (The strong base provides hydroxide instead of hydronium, but the effect
on water's ionization is the same!) We will assume that effectively all the hydroxide ion
comes from the NaOH and ignore water's own production.

ZOH‘X" UNuord] < 0.011¢M 0K~ Now we need to find pH

TJ&HT (o 01260) = 1.90 (g0~ —leg Con1)

e 100 - 100 (o < pOH = 14100)
()P\ \I2-10]

As before, let's check our assumption that the hydroxide concentration from the water itself
really *is* ignorable. Find the hydronium ion concentration...

- pH
£P|%0+’l - 1o 210 =79 Xloulrsﬂ'\ H'b()-{' (EH30T3 = lo P)

= 7,9\“\)—”5 N 0U™ male \,7 WLJ-{P

So the amount of hydroxide produced by water is indeed small enough to ignore compared to
0.0125 M hydroxide made by the base!




138(A) What is the concentration of hydronium ion in an aqueous solution whose pH
is 10.507? (B) What is the hydroxide ion concentration? (C) What molar concentration
of sodium hydroxide solution would provide this pH?

~ JL.,SO

A) EH?,U*} = 10 =

3,207 et | (Cigot) > 1077

B> (3'2*“)—"/“) iUH’l > ooy ™™ ((H%O*deh’l:I,oomo”’q_)

COH']:\B,’H 0" T m oF -

() Naokh = Mt €04~ -
Cov™ J 2 UneoH) :XBQ\(/U m N.0H /
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What is the pH of a sodium hydroxide solution made from dissolving 2.50 g of

sodium hydroxide in enough water to make 500.0 mL of solution? 1,50, N 0
NoOH * H0,0()@/VM'] 5 Ve 0 H

To answer this question, we'll need 1o find the

molarity of NaOH solution. o SOD.inL
’Z.S()g ValUH X mgl MaoH — 0.062S my| NaoM
L‘w’o()g NaOH
_ Mol NMavK 0.,062<mo) NaGH
m-= - Smol Te < 0.125 M NaoK
L Solodivn 0, Soo0OL

/2: (:"rUm SOO..O m L
Nooh = Not «0H™ 5o LNaon] = Con~) = 0120 MoK~

pOH = "]O@ (0, 12¢ ﬂ’\) - 0.90 (POH ‘—"loafoH'] )

pH+ 0.0 =100 (pH <poH = 1. 00)
PH = | .10 \
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For a WEAK ACID, equilibrium does not lie far to the right. The ionization equilibrium
of the acid itself is important!

)+ Ha0 2 HOTFAT

t W O*‘] EV,\“] B Again, water's concentrafion will
— 5 — not change significantly, so it is

Ko

CHAD folded into the ionizafion constant
acid - -
jonization— \
constant (HA) = concentration of undissociated acid

For a WEAK BASE, equiiliorium does not lie far to the right. The ionization equilibrium

of the base itself is important!
VAN

% 4 H’LD;”% BH* + OH "~ Values for Ka and Kb can

often be found in
data books / tables / or on

K - [BH*]EOH’] the web.
(3

base e LRI In Ebbing, this data s in the

ionization appendices, on pages
A-13 and A-14

constant




121 WEAK ELECTROLYTES

- In solutions of weak acids or bases, the UNDISSOCIATED form is present in significantly
high concenfration.

- The pH of a solution of weak acid will be HIGHER than the pH of a strong acid solution with
the same nominal concentration!

N ] <
HY (L (o Hy 0; Fewer molecules of the weak acid ionize,
At v \/ g so the concnetration of
. . ydrogen/hydronium ion is lower, meaning
H H™ (4307 | o higher pH!
H C’ | H C'L Hl 04

S}‘I‘umq ACIJ HC&,‘( ﬂ\(,ld

- The pH of a solution of weak base will be LOWER than the pH of a strong base solution with
the same nominal concentration!
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Consider a 0.100M solution of nitrous acid, a WEAK ACID { 4D+ )

N H, o0 — + -~ Found on page
H O‘l{_ ™ < H%O T NO’L /A-Min Ebbing
K - (Hago '[']U\JO'L'l i 2 10th edition. These
- -4 g\{\ [0 K values are
[H/VU '3 ! determined
' 1 experimentally like other
What is the pH of the solution? equlibrium constants.

This time, we'll need 1o solve the nitrous acid equilibrium to find out
the hydronium ion concentration. We know how to do that, since it's just like the problems
we worked in Chapter 14!

. v ’
SPQ("?S me\+'h| 1 - Eeq | It)fw/h'] Lex X" equal the change in
nydronium ion
()‘ |’50+ O + K X concentration
MO, O + X K
HNO o O.100 — X 0.1vo =X

(x) () < Y ,S\UD\L/

O.lpp — F
\/\'L

O.]00-x

:H.SX’DEL{
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‘I\l -y This is a quadratic, We can solve it with the quadratic
—4H.5%10 equation:
O.l0o-x oxtthx+c <D

We can solve this with the Yo —btm

quadratic formula, but there's
a simpler way ... A

1F Y L O,IUO,H\(A

When can we assume x is small enough to ignore in a
subtfraction? When the initial concentration of acid or base
is 1000 times (or more) Ka or Kb.

N/
2L
N e
@.lvo
W< LLS\HUFS

" 2 0.00670%2039 = CHz01)

'\ (Using the quadratic formula fo solve gives
pH= M[ a pH of about 2.19)




