0 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?
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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.
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Solve...
Let X' equal the change in concentration of hydronium ion...
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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
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‘0" NOTATION

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

= CH30™ 300w ) = Looxio™

becomes ...

P[<w-; 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

- At pH =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>[ow™ ]/

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

| Aso , Tt I< Lou™]

The pH scale...
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pH AND TEMPERATURE

P]{W: PH T ‘DO\’\ = \LLOO

This equation is valid atf room temperature, specifically 250(3.

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 temperatures

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

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

Ay 37°C | YDXK\M =13.60
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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 bases 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
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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, N _
H,LO* Hfz_o — H50+TOH ;kw”— oxlo” 7

Consider a solution of 0.025 M nitric acid (a strong acid):
H Nog “H,O— ano"“—t—/{/o?;
Assume that all hydronium ion in solution comes from the nitric acid, since the
presence of the acid should suppress the self-ionization of water,

Sy} CHBO_fl: CH’JO}.IMM;AA] = O.oLsm H30+

~ - | * For logarithms, the significant digits are
P“l - ~log,, (0.05) '@lx BEHIND the decimal point. The numbers
in front of the decimal represent the

What would the HYDROXIDE concentration be EXPONENT of the original number, and
under these conditions? ~ 1Y are not significant.

Eff|30*3(0},]/3~;\.0\cf0 >
(0.025) (ou-) = 1.Ovl0
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Cov-1 = LD+ (D m ... This also equals the concentration of
HYDRONIUM PRODUCED BY WATER ITSELF,
and it's really small compared to the 0.025M
produced by the acid!
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Consider a solution of 0.0125 M sodium hydroxide (a strong base):
Mo 0F (t»q]_7 Me (ag) = Ok~ {ML]

Like the first example, we'll make an assumption. This fime, we assume all the
HYDROXIDE ION in solution comes from the NaOH. We expect the hydroxide
ion production from water to be suppressed.

Cou- 1= Choe Of/;lmw;ﬁ] Z 0.0t N ok~
We'd like to know the pH ... First, find pOH
POM - —~|99mLo,o!Lg) - 1,90

... then use the pH identities to find pH
PHJc POH 2 U, 00

PH-—E \ %0 ~ (&4, 00
PH"- }2.1\0

Let's check the concentration of HYDRONIUM ION, since that will equal the amount
of water that ionizes under these conditions. (We assumed this amount was very
small compared 10 0.0125 M ...) 4y 170

(Hy0 ™1~ = 10

e O’cl: g.0v107 "2 M

Since this number also equals the amount of hydroxide produced by water itself,
we can see that this number is ignorably small compared to 0.0125 M.



