135 LEWIS THEORY

Example: ammonia and water

H'LO +.’/\/H3 ;:i }\/HJ‘“‘ OH

- Ammonia donates
¢ H ' a pair of electrons to
. Og 4+ 0 N-H o hydrogen on the water molecule,
\ \ forming a new covalent bond (and breaking another)
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¢ COMPARING THE THEORIES

- From Arrhenius to Lewis, the definitions get broader as you go along. In other woeds, the
later definitions include MORE SUBSTANCES under the acid/base umbrella.

If something is an Arrhenius acid, it is also an acid in the Bronsted or Lewis picture.
If something is an Arrhenius base, it is also a base in the Bronsted or Lewis picture.

All Bronsted acids are Lewis acids, and all Bronsted bases are Lewis bases.
... but not all Lewis acids/bases (like the metal ions) are Bronsted or Arrhenius acids/bases.

I
ARRHENIUS

BRONSTED-LOWRY

LEWIS

... We will primairily use the BRONSTED-LOWRY theory from this point in the course!




WATER CHEMISTRY

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

H O H+—£—OH

This is an equiilibrium reaction!

L H%D—\(] [OHF]

K = (X) = molar concentratfion of "X’
L
[H0]
In agueous solution, ( Hzo) is essentially constant, so we roll that
into K.

K= {H3D+] [:OH'] _1ow0

AN

— This is the value at 25C



]38 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?

1H'LO<" 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.

Kw=Cpyo* 1o )= | xlo
Solve...

Let /xlz Cugot L2 LoK™ ]
(x) (v) = Ixlo”

XL = Ixlp™'
% =[xId™ ] = Lhyot J= [oH’]/

I




'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
/u(‘)ll MQ’“”S_\OS‘D 3 !
S0, \
_P\-\
’ M= Ob\t“lao | [Lhao*) =
- POH

\ POI = — 03\{0‘4] [on-1= 10




‘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!



0 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...

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

OH =7 oH = 14
NEUTRAL

(nt] :l\uo"7

O
I
I
o



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
PH O(’ \(\e\)'\'f"h\ So\u‘\)’;OV\ :(9.%

P

o



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
RC) NoDH | alhall me bl
HN D2 \\/ on | Wy J\ro;\Ag&
Ho S0y ( only, “X‘Wfro%o V\) 0\4\ T
H e

mps



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.
H’LO*F'LO H&O +OH }(w"

Consider a solution of 0.025 M nitric acid (a strong acid):
H M03 {uq}) + H'LDC@) — HBO-*(.CMD )-’l- A/O‘:;'_CCA?/)

Assume all of the hydronium ion in solution comes from the acid, since
the acid suppresses the self-ionization of water (Le Chateleir's principlel)

So. (U071 = LHVO, Y i) = ©,025 I Hso™

P H~ ~| o9 ( D.015 fh) =, 60 <\For logarithms, the places
L0 AFTER the decimal point
What would the hydroxide ion concentration be under these | are significant digifs, while

-7

conditions? » the numbers in front are
+ ~l= 1.0x10 - not (they're essenftially the
E H3 0 —_1 iD}'f 1 exponent of the original
-1 number
(D.O’LS)EOH"] I PR :

Con-1=4H,0v10™"* M

.. This equals the amount of water that has
self-ionized
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Consider a solution of 0.0125 M sodium hydroxide (a strong base):
NaOR(ng)—> Na'(ag) + OB” (&g,)

Like before, we will assume that all the hydroxide ion in solution comes from
the sodium hydroxide.

Coy~ 1= LNaOH] = 0. 0L2S h O HT

We'd like to know pH. First, find pOH:
gOH = —lpg, (0 -0125)= 190

- and pOH is related 1o pH. Let's find outf the hydronium ion concentration
P _,| + P oH = | .00 here, since that will indicate how much water
has self-ionized. (We assumed that the amount
o4 X .40 < (4,00 of water that had self-ionized was insignificant)

pH= CHotl=2 10 =10

Ep{go‘t‘—] :7»?m!0ﬁ(3 m, H}OF}‘

... which is MUCH SMALLER than 0.0125 ...




Mé(A) What is the concentration of hydronium ion in an agqueous 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?

A) pH=10.50 [Hyot3= 7
~pH

0772 Tryot ]

(Ha0% )= T E ST 30|

B) Thyo 3o = Loxto™"

(3.2+v1p™") Conf=1.0 wp |
Con3 2314107 M oy |

C ) No O = Mo ™+ OW™ \C\, Sodium hydroxide is a STRONG BASE
lr) e bre o & Mao H* oK™ and should completely ionize.
< (7 ) °

] =

V\UMIM\,]
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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?

Nen6H¥ L H0 00 g mo) 1..50g (Y
Find the molarity of the NaOH solution Vac F‘
N\ -~ mol! MO H O.S000(, ool
L. splu H"W\/ @
mpl MaOH

= (5.062LS mo|l MaOH

7_1503 MNanOH x L‘|0-009Uﬁo}|

mop O}J
M = el MaoH _0.0608mol MaoH —  9e m vy on
L. 5plu tren O-SQOOL

Sodium hydroxide is a STRONG BASE, so we expect it to ionize completely in
solution and conftrol the amount of hydroxide present.

NaOH =7 Na* *OH" 5 COH™ ]2 INaCH nymin = O.128 M OH~
CHyot3{on " 1>1.0 417"
EV{;O*](O;ILS): .o xip~"
C Hqpt = 6.0 ot
‘ oH= 13,10




