AP Chemistry
Unit Xl Learning Targets
Acid-Base Equilibria (Ch. 16)

At the end of this unit | will be able to . . .

# | Target Book

section

1 | list the general properties that characterize acidic and basic 16.1,
solutions and identify the ions responsible for these notes
properties.

2 | define the terms acid and base using the Arrhenius Theory, 16.2 &
the Bronsted-Lowry Theory and the Lewis Theory of acids 16.11
and bases.

3 |identify the conjugate base associated with a given Bronsted- | 16.2
Lowry acid and the conjugate acid associated with a given
Bronsted-Lowry base.

4 | explain what is meant by the autoionization of water and write | 16.3
the ion-product constant expression for the process.

5 | calculate pH, pOH, [H+] and [OH-] for a strong acid or a 16.4 &
strong base. 16.5

6 | make calculations associated with weak acids. This includes | 16.6 &
solving for the K,, % ionization and pH of the weak acid. 16.8

7 | make calculations associated with weak bases. This includes | 16.7 &
solving for the Ky, % ionization and pH of the weak base. 16.8

8 | predict whether a particular salt solution will be acidic, basic, |16.9
or neutral and write the associated hydrolysis equation. Using
the equation, | can calculate the pH of an acidic or basic salt
solution.

9 | explain how acid strength relates to polarity and the strength | 16.10
of the H-X bond.

10 | predict the relative strengths of oxyacids. 16.10

11 | define an acid and a base in terms of the Lewis concept. 16.11




Target 1: list the general properties that characterize acidic and basic
solutions and identify the ions responsible for these properties.

General Properties of Acids and Bases
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Target 2: define the terms acid and base using the Arrhenius Theory, the
Bronsted-Lowry Theory and the Lewis Theory of acids and bases.

There are three common ways to define an acid or a base . . .
1. Arrhenius acid = substance that ionizes in water to produce H+ (HCI, HNO3)
Arrhenius base = substance that ionizes in water to produce OH- (NaOH, Ca(OH)2)

2. Bronsted-Lowry acid = substance capable of donating a proton/H+ ion
Bronsted-Lowry base = substance capable of accepting a proton/H* ion

3. Lewis acid = substance capable of accepting an electron pair
Lewis base = substance capable of donating an electron pair

* The Bronsted-Lowry definition of acids and bases is a much more comprehensive
definition of acids and bases than the Arrhenius one. The Arrhenius definition, although
still commonly used, has 2 serious flaws in defining acids and bases. First, it only
applies to acid-base reactions in aqueous solutions. Secondly, it cannot explain why
NH3 is base even though it doesn’t contain a hydroxide ion. The Lewis A/B definition is

even more general. We'll look at it later in section 16.11.




Target 3: Identify the conjugate base associated with a given Bronsted-
Lowry acid and the conjugate acid associated with a given Bronsted-Lowry
base.

The conjugate acid is the substance formed by the addition of a proton to a Bronsted-
Lowry base.

The conjugate base is the substance formed by the loss of a proton from a Bronsted-
Lowry acid.

A conjugate acid-base pair is an acid and a base, such as water and OH-, that differ
only by the presence of a proton, H".

Water is an example of a substance which is said to be amphoteric . . . that is it can act
as an acid in some reactions and as a base in others.

R e
Example: HCI(g) + NHz(@ << CI(g) + NH4*(g) h
(acid) (base) (conjugate (conjugate Cl —> H’ C(

L base) ac%gl)

Practice: Determine the acid, base, conjugate acid and conjugate base.
cA B

a) HNOs + < HO + NOs
Lj [00 7o

b) Crfi’NHﬁ HED s Gy + OFF HC (———-) Cl1~

«
c) C%—i#HF?O‘; @I—%+PO\2 NAOH‘» Nwl } OH-‘

L/.JE/_—i_T

Relative Strengths of Acids and Bases: The stronger an acid, the weaker its
conjugate base. The stronger a base, the weaker its conjugate acid.

Target 4: Explain what is meant by the autoionization of water and write
the ion-product constant expression for the process.

The autoionization of water is the process whereby water spontaneously forms low

concentrations of H+(aq) and OH"(aq) ions by proton transfer from one water molecule
to another. (B/L definition) The equilibrium constant for water, Ky, (called the ion-

product constant), can be written as follows:



H#—
s -
H20() & H*(aq) + OH-(aq); Kw=[H*] [OH]= 1.0 X 10-14 (at 25°C) 'b..

OR YRV

Hgm + HO() < H%Q*“(aq) + Ocl-{é(aq); Kw = [H30+][OH] = 1.0 X 10-14
R LA < 3

Approximately 1 out of every billion water molecules is actually ionized at any given

moment in time. It should be no surprise that pure water is a poor conductor of

electricity!

Target 5: Calculate pH, pOH, [H+] and [OH"] for a strong acid or a strong
base.

The concentration of H+(aq) can be expressed in terms of pH:
pH = -log[H*] or pH =-log[H30+]

Most pH values range from 0 to 14, but can be higher or lower. The pH of a neutral
solution at 25°C is 7.00, whereas an acidic solution has a pH less than 7.00 and a basic
solution has a pH of greater than 7.00. The pX notation is simply a mathematical
notation used to express smaller numbers as bigger numbers. We will encounter other
pX values such as pKj, pKp, pOH, and pKyw. The pH scale is a logarithmic scale.
Figure 16.5 (p 663) illustrates the fact that a change in pH of 1 corresponds to a change
in [H*] of 10!

pH meters and indicators are commonly used to measure pH. (see figure 16.7 on p 664)

Notes:
. pH + pOH =14
- pOH = -log[OH"]

- only count significant digits past the decimal point in a log scale (for ex?mple, a |
pH of 2.54 has 2 significant digits! ~251 -3 . >
=\ takrse g —» [0 = 29x07"m (2 3, Lﬁg'
Strong acids and strong bases exist entirely as ions in solution (strong electrolytes).
There are 7 common strong acids . . . please memorize! SNICI BrICI !l

HNO3 = nitric acid HCI = hydrochloric acid
H2S0O4 = sulfuric acid HBr = hydrobromic acid
HCIO3 = chloric acid HI = hydroiodic acid

HCIO4 = perchloric acid

There are few common strong bases . . . please memorize!

The ionic hydroxides of 1A metals (LiOH, NaOH, KOH, RbOH, and CsOH)
Plus, Ca(OH)z, Ba(OH)2, and Sr(OH)a. Se Balon
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The equations for strong acids and bases are written using single arrows as the
dissolution process is complete . . .

HCl(ag) — H*(aq) + Cl(aq)
(or... HCl(ag) + H20() = H3O*(aq) + Cl(aq))
Ca(OH)z(s) — Ca2?+(aq) + 2OH(aq)

example: Calculate the pH of an aqueous solution of 0.0022 M HNO3.

~log (0.0022) = 2.66

vo YA
-~ _0022M
o N9

example: Calculate the pH of an aqueous solution of 0.0022 M Ca(OH)2. —, ¢ A“‘ = ,0022M

——
—

~log (:0044) = 2.36 = M 5 H=jy-2.3¢ ™3 204" 2 20022

¥ Reaction Alert! = 1.6y [_D H:X =.o0uym
Metal oxides (such as Na20O and CaQ) are often used to make bases:
No, O + 4,0 — 723,04 CaO + b0 — CuloY),
(0% * %0 = 20H) (0% + 420 > 204-)

Target 6: Make calculations associated with weak acids. This includes
solving for the K, % ionization and pH of the weak acid.

The ionization of a weak acid is written as an equilibrium. The extent of ionization can
be measured by an equilibrium constant called an acid-dissociation constant, K.

HNO2(aq) ¢ H+*(aq) + NOz7(aq); Kz=4.5X104
The equilibrium can also be written showing the water in the equation . . .
HNO2(aq) + H20(l) < H3zO*(ag) + NO27(aq); Ka=45X10%

The larger the Kj value (the farther shifted to the right), the stronger the acid! See
Table 16.2 (p 667) or Appendix D for a list of some common weak acids and their K3's.



Example: Niacin is a vitamin which is a weak acid. A 0.020 M solution of niacin has a
pH of 3.26. What is the percentage of the acid which is dissociated? What is the Kg for

niacin? (Hint: use the made up formula HNia for niacin.)
¢ #1L M) o lue 'pm/ l“t

{ ~ f+ i~ . = - s =
PNl ) = ["(“P¥ pitiep) ;- ka [ Bnial Lrom ICE data
.o20m 2 o e Y
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- oY
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}Zq - 010 O
= 2725
HwPractice: Calculate the pH of a 0.20 M solution of HCN at 25°C. The Kj for HCN is
" 4.9 X 1010 at 250C, : xx
¥ ( enl _
HeN(ag) == Waq) +CR7(ag)  Ka= CvaCend -y quis® = -
= (ixen] =X
| .20 o e \
C  -x e +X Sinee oy s so small we il i not
E V20X X x L'.QXlO-lo = 1&
2
% L =_g_'ff_§_-xloo x=2Laxip-Cpm = [ ]
N

p = ~log (44x10°¢) =[§.00

- q.9xi5® R
n xtoa~’,005'02 ‘

Polyprotic acids are acids which have more than one ionizable proton such as HaSO3
and H3PO4. We picture the hydrogens ionizing in successive steps as illustrated by:

HQO + H3PO4 - H30+ + H2PO4' Ka1=7.1x 10-3
HoO + HoPO4~ — HzO* + HPO,2 Kaz=6.3x 108
HQO + HPO4-2 - H30+ + PO4-3 Kaz=4.5x 10-13

The first proton is always easier to remove than successive protons as indicated by the
magnitudes of K7, Kazand Kaz. Ka1 will always be larger than Kzo. Kao will always be
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larger than Ka3. When solving a pH problem involving polyprotic acids, the pH can be
estimated by considering only K57 as long as K1 is 1000X larger than Kzo. What'’s in

Appendix D?

Example: Calculate the pH and the oxalate ion concentration in a 0.020 M solution of
oxalic acid, HoC204. The Kz1is 5.9 X 102 and the K2 is 6.4 X 10-5.
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AP Chemistry Review Targets 1-6

Directions: Answer each of the following questions. Place your answers on the
provided blanks. This is an open note quiz.

1. List the conjugate base of CH3COOH. ¢ l'/ 2C60 -

2. List the conjugate acid of HoAsOg4".

Consider the following reaction for Questions 3 and 4:
HCOs (aq) + HPO4?-(aq) < H2COsz(aq) + PO43(aq)
2 A cA 2- 08
3. Identify the acid in the above reaction. HP0y

3
4. Identify the conjugate base in the above reaction. ?0 Yy

5. Select all correct answers. According to Arrhenius, an acid is a substance that
@) is capable of donating one or more protons .~
@) causes an increase in the concentration of the H* ions in solution ¥~
c) can accept a pair of e- to form a coordinate covalent bond not+ Actheaio s
d) reacts with the solvent to form a cation formed by the autoionization of water
of that solvent no} Acrrhenivs
e) tastes bitter

6. A substance is said to be amp\no leric if it is capable of acting as
both an acid and a base.

7. In an acidic solution, the [H30] 2 [OH]. Fillin the blank with <,>, or =.

8. HSO3"(aq) is an ion which is amphoteric. In the space below, write an equation for
the reaction in which HSO3"(aq) acts as a base in HoO(l).

40, + MO = B0, + OHT

9. In the space below, write an equation for the reaction in which HSO3"(aq) acts as an
acid in H2O(l). ;
— Z -
HSo;™ + K0 = s0; ¥ ko

10. Predict the products of the following reaction:
H3O*aq) + F(aq) < 20 + HF




-~
11. A solution has [H+] of 0.00032 M. The [OH] is 3.13x10 M and the
solution is acidic . (acidic, basic, or neutral)

-1
12. What is the value for K,y at 25°C? 1x10~M

For #13-23, show your work and then circle your final answers.

13. How many times more acidic is a solution with a pH of 3.00 than a solution with a
pH of 5.50?

s
234y —> §+430 10x10 X5 = gpoXx
|o 10 |10
-§
14. If a solution has a pH of 4.52, then its [H*] is __2-0Z X 10 M.
-ys
i 7
| e
15. If a solution has a pOH of 10.80, its [H+] is __ (31 X 16 M.

16. If a magnesium hydroxide solution has a [OH"] of 1.00 X 10-11M, then its pH is 3.0b
MyloH), CH¥] =1ooxt0” M pH=3.00
17. Calculate the pH of a 0.0034 M solution of nitric acid.

< ]
I‘H\)OS 19 & 6’!1*01\5 aucl , PH': _‘05 (.003‘4\ :@
Cwrl= 0.0034m

18. Calculate the pOH of a solution made by dissolving 2.50 grams of HCIO3 in enough
water to make 2.50 L of solution. H= *lbﬁ (ong) = 1.92%

2.905 (mole HC[Dg _ H.,.
2.50L g 34. §4g He103 = o.ongm = [#] poH = Y- 1928 = )12.072

19. Calculate the pH of a solution made by dissolving 14.0 g of strontium hydroxide in
enough water to make 3.00 L of solution. Sl 0“’)2_

lﬂf)é . [mol Se(0H), - ,0384M y2 = .0768M = [0H"]
300l 121 .61 9 POH: '[39 (.0763) = 1.1s

PH: 4= s =




Lim 4t reac o~ preblem \
bé. Assume that you added 4.73 lite's of 1.50 M HCI to_1.80 liters of 2.00 M Ca(OH)s.
. R w\/
What would be the pH of the resulting solution?

© T '
Lk I_Z’uc_\j-!- Calolf)y — 21Lb 0 + Cull,y 5.60mol orighen

8O —;.fs‘ MU) u‘bl
4‘4-731- ;(_—‘-'SDM"‘ % Z ol = 72,09 mol 05 mo) Cu(OU)z_ rema s
4 L Z ol HEL X2
{\ 1.80L _7.-;2-0-'-"—0.’ 2 __Z-L".Q‘_!L’-'Q- = 7,200mo| ,100 mol O H~
NN t Lol CaloHh S l ‘ -
A 160 mal o
@g 7.095mol BEL, _tmol CaloW)y _ 3,86 mol CaloH), vsed m
¥ d el 4 e poH= 1.2l

21. Assume you wanted to make 50.0 L of a sodium hydroxide solution that has a pH of , Pﬁ= 12,19 '
10.00. How many grams of sodium hydroxide would this require?

pH =10.00 so [W]= Looxio™OMm wnd [on-]= 1.0ox10™Im

-y
L‘ 'Mo‘ NuOH

22. Whatis [H+] in a 0.10 M solution of HX, a weak acid, at 25°C?
[#f(xT (KaforHx=40x10™")

fux]

HX 2= H* + X~ K=
[wfl=] x-]

s0, yoxwo! =

)(7.
Y~

X = z.ox:o"('m

23.  What is the % ionization of a 3.00 M acetic acid solution at 25°C? For acetic
acidthe is K, = 1.8 x 10>,

00735
X ° ~
LEx™5 = - 2L 2 e Tl
= ,0073¢
8 i :.Z“‘g_?o



Target 7: Make calculations associated with weak bases. This includes
solving for the K, % ionization and pH of the weak base.

Weak bases dissolved in water will always produce the OH- ion. There are 3 different
kinds of weak bases:
(1) The hydroxides of most metals: Zn(OH)2, Mg(OH)2, Al(OH)3

(2) Ammonia, NHz, and amines such as methyl amine, NH2CHs.

(3) The anions of weak acids such as CoH3z02", F-, CN-, and S-2. (The
corresponding weak acids are HC2H302, HF, HCN, and H.S, respectively.)

NHsz(ag) + H20(l) < NHg*(ag) + OH<(aq)

The extent of ionization of a weak bases can be measured by its base-dissociation
constant, Kp.

Example: Write the K, expressions for (a) NH3 and (b) NH2CHs.
+ -
@ (put]fon] (D pu,cHy + HO 2 HNWCH + ol
K

-
-

Cuod e ] Con]
[N \'\'z,c H'Z.l

Practice (Book problem 16.76): Codeine, C1gH21NOg3, is a weak organic base.
A 5.0 X 10-3 M solution of codeine has a pH of 9.95. Calculate the value of Kj, for this
substance. What is the pKp for this base? (Use “Cod” as the abbreviation for codeine.)

L

ey =

CigWa®0p & U, 0 =2 BCgWa oy + OM- ky = L Heod]fou]
\ .oosom -©- = b [COA_]
-xX F3 +X
_ . Baxws)”
E .o0S0-x % * T ——
0050

\C PH: .95 fun ?OP}:L\-OS’ o~ d

\O’q'or: X.OHX\O—S. = EOH-‘] =X .
The relationship between K; and K,

The product of the acid-dissociation for an acid and the base-dissociation constant for
its conjugate base is the ion-product constant for water!

[#3ConA = looxio™ = ky,

10



As the strength of an acid increases (larger K3) the strength of the base decreases
(smaller Kp), so the product is always 1.0 X 10-14. lonization constants are usually only
listed for one member of a conjugate acid-base pair. This is because the Kp can readily

be calculated from K3 and visa-versa. .Y
Kw =<Kn )KKIQ = l.oexio
Example: Use Appendix D to calculate the Kj, for the fluoride ion.

~ ~(
Kﬂ = C.%XIO—H oo x4 - [[,.?“)((0-"0(/(‘0) m

Also note the following equation to be true: pKs; + pKp = 14.00

11



AP Chemistry Review for Quiz: Targets 1-7

Review the following materials:
e problem sets #1-3

* definitions: Bronsted-Lowry, Arrhenius and Lewis acids and bases, strong acid,
weak acid, strong base, weak base, amphoteric, K, Kj, K, autoionization of

water

» Finding pH and pOH of acids and bases (both strong and weak) when given

concentrations and K values.
e Finding K or K, when given concentrations and pH.

e Acidic and basic anhydrides (sponge method).

» Calculate the percent dissociation of an acid when given concentration and K,

e Calculate pH when given % dissociation and concentration.
e Calculate pH/pOH of a polyprotic acid.

Directions: Answer each of the following questions.

1. How is an Arrhenius acid different than a Bronsted-Lowry acid?

2. Which of the following is/are Bronsted-Lowry acids?

(3 (CHa)eNH*  (B)CHgCOOH  E)HF (dYHNO3

3. What is the molar concentration of the hydronium ion in pure water at 250C?

oo x 10" M

4. What is the pH of a solution at 25°C in which the [OH ] is 2.8 X 10-13?
pol = -log (2.8x10™%) = 1265 oH: ju- e

-

_\LHCS

5. What is the concentration (in M) of hydronium ions in a solution at 25°C with a

hydroxide ion concentration of 2.31 X 104 M?
-0
pooxio™ = (231 a0 x= d3BX10TT M

6. Which solution below has the highest hydroxide ion concentration?

solution # pH
1 3.21
2 7.93

7. What is the pH of a 0.053 M solution of Ca(OH)2?
EOH'] = 2(.053)= ,jo6M "("j("o"): .75

12
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8. What is the percent ionization of a hypochlorous acid solution (HCIO) with an initial

concentration of 0.015 M at 250C? (K= 3.0 X 10-8) o xlo-S
HCW0 —» W+ 4 elo- sx1o-F = A2 6L=21XC "~ 100
{ o1 o ] 3. [ - oS

.0 ‘Y—A

¢ -x R 4 :__]E
T osx x % Xx= 2.Ax10°° = [ H] SIS

9. What is the molar concentration of HPO42- in a 2.5 M solution of phosphoric acid?
(Ka1=7.5X 103, Kz2=6.2 X 108, Ka3=4.2 X 10-13)

X
7.€ xt6"% o X% . 2x107F 2 (1364+2) (XD
2.5 X% a369-X%
X=.1%364M X= (.2X10°3 M = [HPO,,{zj

(?(25.0 mL of 0.100 M Ba(OH)z is added to 25.0 mL of 0.100 M HCl. What is the pH of

this solution?
¥ ol 17 wakos\ ¥

Wor

11. Which one of the following is not a weak base in water? Br',)'CzH:;Oz'Z&%]

s.A./

té. Assume you have 10.0 liters of a 0.100 M solution of NaOH. How many liters of
distilled water should you add to this solution to lower its pH to 11.00?

¥l 7 medeod ¥

13. In a 0.080 M NH3 solution, what percent of the NH3 is present as NH4*? (K, for
. -5 - -
NH3is 1.8 X10°) N Uy + B, 0 = m\kwl Yy ol I, = E,, Mt:({ouj

2 0012 [ N \"rgj

X s
L€ x1o75 2 T 1= X[00

03
X> Lo M = [0 H—l ’SF% Ien'(zazi 50];3(4”%
13 -




14. A solution is made by adding solid sodium acetate, NaCoH3O», to enough water to
make 3.0 liters of solution. [f the solution has a pH of 9.00, how many grams of
NaCaoH30» were added to the water? (K for acetic acid is 1.8 X 1079)

{Hint: Ky x Kp = K} P*,.op.oo o po f=<
a0, B0 N+ Gho,

o] = \X\o’s-
(Wo," + 4,0 = H—CZ%O,_ + oh” [ ]

T 1 - - IS AL 2 L
+ x |'TXIO~

© X gl 10 (|xw.5~)2

€ - x Ixw S \10-8 CCEXl0™ = e

15. What is the conjugate acid for the following Bronsted-Lowry bases? y

i = L=
OA'L \f"? a) C7H502" b) NH3 N ¢) HoAsOg4” _— 130M x 5
Jon () He 02 N Wy Hahsdy Stom), 5%

16. Label the Bronsted-Lowry acid, base, conjugate acid, and conjugate base in the x lmo)

following equation:
HCHO2(aq) + Ho0() < CHO2(ag) + Hz0'(aq)
I B (8 Ch

17. Write 2 equations for the reaction of HoPO4™(aq) with water. One equation in which

HoPO4-(aq) acts as a Bronsted-Lowry acid and one equation in which HoPO4~(aq)
acts as a Bronsted-Lowry base.

Ho POy~ tH,0 < W;Po 45 PO ¢ ho <« WP4PT 4 w0t

+ oH~
18. Which of the following is a stronger Bronsted-Lowry acid? Why?
HNOz(aq) or HNO,(aq)

s @ k(k ‘}“’L\’es

19. Predict the products of the following acid-base reaction then explain on which side
you'd expect the equilibrium position to lie at 25°C.

HCOz'(@a) + Flaa) &7 (0> 4 IkF

LIHJ?

20. Write the equation which represents the autoionization of water. What is the
equilibrium constant for this reaction at 259C?

b0 + P20 = ot 4 or”

14



21. If the [OH] = 0.0067 M, calculate the [H*] and the pH.

-\
\xw0 = (0067)(x)  x= |u4qxi0”!
22. Calculate the pH of each of the following strong acid solutions:
a) 0.723 g of HCIO4 in 500.0 mL of solution plf= _707 [.01uu)
halry= oo el = .64y ph= 184

St
b) 5.00 mL of 1.00 M HCI diluted to 0.200 L

Ml‘ UVH[7L

a’{ Calculate the pH of a solution formed by mixing 5.00 mL of 0.500 M Ca(OH)2 with
20.0 mL of 0.100 M NaOH.

rett= o

24. Calculate the percent ionization of 1.00 M acetic acid. (Kz= 1.8 X 10°5) How do
you think the percent ionization would change for a 0.100 M solution of acetic acid
at the same temperature?

ol |
= LexloS X2 004U M = L]
: ~

. Y24 &
e Lloo = H2U 4
\
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Target 8: Predict whether a particular salt solution will be acidic, basic, or
neutral and write the associated hydrolysis equation. Using the equation, |
can calculate the pH of an acidic or basic salt solution.

We assume that when salts dissolve in water, they are completely ionized. Salt

solutions can be either acidic, basic, or neutral due to the fact that some ions from the
salt can react with water in order to produce an acid or a base. This type of a reaction

(a reaction of an anion or cation with water to produce either H* ions or OH" ions) is
called salt hydrolysis, or simply hydrolysis.

Let’s revisit how salts are formed . . .

acid + base — salt + H20

Example: HCI + NaOH — NO\C( + \4)_0

Acid Base pH salt solution Example
Strong Strong 7 NaC(
Weak Strong > 7 Na =
Strong Weak {7 N uq ¢l
Weak Weak /,7 N )'W F

Practice #1: Predict whether the following salt solutions would be acidic, basic, or

neutral.
= U8 acidic
a) A(NO3)3—, SA -7 :

b) KCN 5B + WA = basic

Practice #2: Assume you have 0.10 M solutions of each of the following salts:
Wwh sA 5B WA 8 SA B wA
Co(ClO4)2, RbCN, Sr(NO3)2, KC2H302

Aredic Rogic 1 Basi

List the solutions in order of increasing pH. Hint . .. 0
shroager ¥ase HON has a Ka=4.9 X 10710 ¢ oltiog), ) Selv 3)7-, kCZ ”302  RbCN

s HCoH302 has a Ka=1.8 X 105 . N
wesleey ba 2H302 a most atdic —— S mesk hag

Practice #3: Predict whether an agueous solution of >laHCzO4 is acidic or basic. For
HoCoO4, Ka7 =59 X 102 and Kazis 6.4 X 105. £\ -
58 WA gﬁs 1
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Calculating the pH of salt solutions!

Example #1: Calculate the pH of a 0.15 M solution of sodium acetate. The K of acetic
acidis 1.8 X 10°5.

step 1: Write the equation for the initial dissociation of @ the salt. Determine
which of the ions will hydrolyze (if any).

+, 0 -

step 2: Write the equilibrium equation for the hydrolysis of the acetate ion.
Construct a table summarizing the changes in concentration.

o o
\ 0.1 -
C - ¥ —_— R F X
E o.5-x - X X

step 3: Choose an appropriate equilibrium constant (Ka or Kp) to use. Solve
for either the [OH"] or [H). Proéuc-‘c\, OH™ 50 use Iy 1

ko= [wewol{on} . LI soxie'®
130,71 0.NC- X
-G
Ky = ey xe™ x= 4.20x10"°M :[oH-]
a [ EXI0S

step 4: Solve for the pH of the salt solution.

poth= —log (o -] sl 14- S04
= -log (4.2 x107®) = %.96
= §.04
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Practice: What is the pH of of a 0.10 M NH4ClI solution? The Ka for NH4t is

5.6 X 1010, th O
NHyClly —> uuq*(q) v LI tag) K.
¥
RN
NHit  + O = Nk v ot R
o -4 EN“"‘-W
| ©6.10 -
= X
¢ =X —_ X + X N0 =X
E oo — * * x= 1.5x10° ¢ = (i)

ph= -log (7.5x107%) 2@

Some salts contain small, highly charged metal ions (for example, A3+, Cr3+, Fe3+,
Bi3+, and Be2+) which produce an acidic solution. For example, when aluminum
chloride (AICI3) dissolves in water, the A3+ ions take the hydrated form Al(H20)g3+ .
Because metal ions are positively charged, they attract the unshared pair of electrons
from the water molecules. (How did we know to use é water molecules as ligands).

0 e 4, 0
at2 ) S My 34+
\ A\3+ = A [l-‘zO)(p
B07 1 S0

4,0

Let’s consider one bond between the metal ion and the oxygen atom of one of the six
water molecules.
14 \’&

0
/
w A
The positively charged Al3+ ion draws electron density toward itself, making the O-H
bond more polar. Consequently, the H atoms have a greater tendency to ionize than

those in water molecules not involved in hydration. The resulting ionization process can
be written as . . .

a3

¢ 2+ ¥ Note that the production of
A‘(Uz,o): y Ko = MOH (O + H,0"  H* by the hydrated meta

ions allows us to classify
these metal ions as acids.
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The equilibrium expression for the metal ion hydrolysis is given by . . . .

. - [ Mo (o) 2T [ H*]
’ [ A\ (—”'LO)(,3 +]

The complex ion could undergo further hydrolysis, although we usually do not consider
it. Also realize that the greater the charge and the smaller the radius of the metal ion,
the more polar the bond. The more polar the bond, the further it ionizes and Ka
increases. For example, Fe3+ is more highly charged and smaller than Cu2+ and is
therefore more acidic!

Target 9: Explain how acid strength relates to polarity and the strength of
the H-X bond.

There are several factors which determine the strength of an acid. Factors such as the
properties of the solvent, temperature, and molecular structure. We will focus our
attention on the relationship between the strength of an acid and its structure. We will
discuss the factors which affect both binary acids (contain only 2 elements) and
ternary acids (contain 3 different elements). Two of the major factors are bond polarity
and bond dissociation energy of the H-X bond.

Binary Acids- the major factor in determining acid strength for a series of acids which
all contain elements from the same family is the bond dissociation energy.

Bond bond diss. energy (kd/mol)
H-F 568
H-CI 432
H-Br 366
H-1 298

The strength of these acids are ... |4 F <& Hel € H3r < BT

The more tightly held the hydrogen, the weaker the acid.
Now let’s consider a series of hydrogen compounds in a particular period on the

periodic table. C”\«[ ¢ N\‘"g ¢ “ZO ¢ H’F

This trend can be explained on the basis of bond polarity. As the H-X bond becomes
more polar, the compound has a greater tendency to ionize. Note that relative
importance of bond polarity and bond energy is reversed when compared to the trend of
binary hydrogen compounds in a family.

19



Target 10: Predict the relative strengths of oxyacids.

Ternary Acids- Ternary acids will always contain hydrogen, oxygen, and a nonmetal
which will occupy a central position in the structure of the acid. The strength of a
ternary acid, sometimes called an oxyacid, depends upon the tendency for an O-H bond
to ionize.

| ..
,é—-o—-ﬂ- —> _z2-0 + W
\

Any factor that draws electrons toward the Z (central) atom strengthens the Z-O bond
and weakens the O-H bond. The easier it is to break the O-H bond, the stronger the
acid. There are 2 factors which can strengthen the Z-O bond:
1) Z having a high electronegativity, and
2) Z having a high oxidation state.
Both of these factors tend to pull electrons toward Z. g os  weaken Ko 0-H bond

Let’s divide the ternary acids into 2 groups:

group 1 - Oxyacids which have different central atoms from the same group of the
periodic table and have the same oxidation number. e Ghre ng ‘,\A ol He o.cu.i
. .t , :'0': '
. ? . .. "5 5 — | nCreaSes w\-\)\A on nifea Ce
:0—-01-0-t Oo—-BC~0 - .
2§ TN i eleckronegakiviky of Yo
FO: :0:
CI-O bond is stronger than the Br-O bond, therefore the perchloric acid has a weaker O-
H bond, and is therefore a stronger acid!

group 2 - Oxyacids having the same central atom, but different numbers of oxygens.

K stwnge st > \ oesliest]

\
H-o-tl=0 H-—o—-cll—-c) i4~0-C1-0 H-0-~Cl|
!
o
6, _.‘.,7 e\ = tg Cl= +3 C‘:*,

As you can see, as the number of oxygens increase, the oxidation number also
increases. The higher the oxidation number, the the stronger the CI-O bond in the
Cl-O-H group, and therefore the weaker the O-H bond.

20



Target 11: Define an acid and a base in terms of the Lewis concept.

Lewis acid = electron-pair acceptor
Lewis base = electron-pair donor

example: NH3 + BF3 — NH3BF3 F
(Bas) (Aud) b

o® = _ - -~ F
H-N-H PR~ F —> H-W b
M N LA

The Lewis definition of acids and bases is broader than the Bronsted-Lowry definition
as the Lewis definition includes reactions where there is no proton transfer. Everything
that is a base in the Bronsted-Lowry definition (a proton acceptor) is also a base using
the Lewis definition (electron-pair donor). The difference lies in the fact that a Lewis
base can donate electron pairs to other things besides H+.

Practice: Identify the Lewis acid and base in each of the following reactions.

1) SnCla(s) + 2CI(aq) < SnClg2(aq)

A 3

2)  Hg?*(agq) + 4CN-(ag) < Hg(CN)42-(aq)
A )

3)  6NHg(ag) + Co3*(ag) < Co(NH3)e3*(aq)
6 A

Keys to identifying Lewis acids and bases . . . .

Lewis acids = o&'hm +wmes C\v\argcl or afrt m&u\s

Lewis bases = o(—-\eV\ Hwes - C(A,uryec\, o Specves H«w\~

Can \DQCOMC + tong
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