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Strong Acids Weak Acids {examples)

HCIO,4 perchloric acid CH3;COOH acetic acid

HI hydroiodic acid HCOOH formic acid

HBr hydrobromic acid HF hydrofluoric acid

HCl hydrochlaric acid HCN hydrocyanic acid

HNO; nitric acid HNO; nitrous acid

H2504 sulfuric acid HSO4 hydrogen sulfate ion

Strong Bases Weak Bases {(examples}

** All group 1 hydroxides and most group Il NH3 ammonia

hydroxides — Ca{OH),, Sr(OH);, Ba(OH): CHaNH, methylamine
CsHsN pyridine

Based on their formulas, acids can be defined as: Lesson b 5 Review + Hwlc
» Monoprotic: produce 1 H+ ion in solution (example: HCI (aq}, HNO;s (aq})
¥ ordiprotic: produces 2 H+ ions in solution (example: H250; {aq})
> orpolyprotic: produces several H+ ions in solution (example: H3POa (aq))
> and/or amphoteric: acts as either an acid or a base {(example: HO (1) }
Polyprotic acids ionize stepwise; that is, one H* at a time.
Review:

1. Write an equation for the dissociation {ionization) of the following acids in water: (follow example:)
a) HCIQ; —-> H* + ClOy ¢) H;S (complete ionization)

H2S,52 Wi + N S¥ wa)
HS ey — HWliayt S
b) HSO4 d) HC;H30;
HSO4™ cag) — qun + 8042";@) HC2H202 oy H‘}'(a‘p + C2H 302 gy

2. Write an equation for the dissociation of the following bases in water: (follow example:)

a) Mg{OH); & Mg*? + 20H c) KOH
.o ay —? K"'[aq) + OH—caq)
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b} NaOH d) Ba(OH), .. ~
NAOR @2y — Natamy + O™ cag) Ba(0H)y 40 Ba™ @yt 20H ag)

There are two main theories in chemistry that attempt to define acid and base behavior. They attempt to explain their
behavior in terms of ions that are either released or donated, or their ability to release or donate ions. Here is a summary:

Arrhenius Theory Bronsted-Lowry Theory
Acid Releases a H* ion in water Donates a H* jon in water to a Bronsted base,
Example: HCI forming hydronium ion, H30*
Example: HCI
HCl{aq) 2 H*(aq) + CI (aq) HCl (ag) + H.0 {l} € =2 H;0*(aq) + CI {aq)
Base Releases a OH- ion in water Accepts a H* ion in water from a Bronsted acid,
Example: NaOH forming hydroxide ion, OH-

Example: NH;

NaOH (ag) = Na* (aq) + OH (aq) NHa (ag) + H0 {l) €2 NHa+(aq) + OH' (aq)

You should notice some interesting things about the two theories:

» An Arrhenius acid {or base) can also be classified as a Bronsted-Lowry acid (or base}, BUT not all Bronsted acids
{or bases) are Arrhenius acids (or bases). The classic example is NHs. NH3 does cause hydroxide to form in solution,
but it doesn’t contain OHin its formula.

» Water is amphoteric: it is acting as a Bronsted base {accepting H*) in the first example and acting as a Bronsted
acid (donating H*} in the second. Generally any species that has more than one H* AND can accept at least one
more H* can be amphoteric.

Water can be amphoteric with itself in a process called the auto-ionization of water.

H20(l}) + H:0(l} <> H30*(aq) + OH" (aq)

When Bronsted acids and bases react, they form conjugate acids and bases:

\ - : H H
HA + B + H B | o |
# h—- -M -r-i‘" H""‘-N. + {_dq — H_N—H + .6.
Conjugate Conjugate - : OO
Acid Base Bioe Acid | | | |
H H H H
Reactants Products Hydrogen Hytrogen
lan acceptor: on donor
B-L base &L acid

Bronsted-Lowry Acid-Base Reaction
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Review:

1. Using your knowledge of the Brgnsted-Lowry theory of acids and bases, write equations for the following acid-base
reactions and indicate each conjugate acid-base pair.

a) HNOs+OH' > N0y, T H20 &
ac1|a\ base c.bfs[é“" c.acid (&
1

b) CHaNV/-Hz\+ H0 > CHaNH3
laa‘sc, C\‘cid c.a.c\id
|

. 2 —
c) Olli\:i'/HPOA > Hz’ocaq) + Poq_'& @a)
base ac‘id C.afid c.t\)ase,
hll i |

T o+ O ¢
(aq) c.busczaq)

Lesson 6.9: pH and pOH Calculations of Strong Acids and Bases

Recall that water is amphoteric, meaning that it will behave like an acid or base, and will to a slight extent dissociate.
H:0(l) + HO{l) €-> Hi0*{aq) + OH (aq)

The concentration of hydronium and hydroxide ions present from the dissociation of pure water at a given temperature
always multiply to give you a constant. This constant is given the symbol Ku and is often called the ion product
constant. K, does not have a given unit.

Kw = [H30*] [OH ] =1.0x10%

This relationship till holds true even if additional hydronium or hydroxide ion is present from the ionization or
dissociation of an acid or base.

if [H30*] > [OH'], the solution is acidic,  If [OH-] > [H30], the solution is basic. If they are equal (that is, both are

1.0 x 10”7 M - the solution is neutral.

Review:

1. Find [H+] for solutions having the 2. Calculate [OH] of a solution when
following [OH-] value in molarity: its [H*] has the following values in molarity:
a) [OH-]=1x10" a) [H']1=1x10?
b) [OH-]=2.7x10°* b) [H’]=3.6x10%
c) [OH-]=1x103 c) [H1=1x10°

d) [OH-]=6.3x101 d) [H]1=7.8x10%
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Lesson 6.6

1. 65.0 mLof a 1.30 M KaPO, solution is evaporated. How many grams of solid should be recovered after all the water
hoils away?

2. Fill in the blank: To make orange juice from frozen concentrate, one usually mixes the can of concentrate with three
cans of water. This dilutes the concentrate to {what fraction?) its original concentration.

3. Describe each step of the preparation of a standard solution of 750. mL of 0.250 M CuSQ4, and include the necessary
calculations in detail.

4, Sketch a volumetric flask and explain precisely how you would use a 500.0 mL volumetric flask to make some 1.500
M NaNO; solution. {You have available some 2.000 M NaNO; solution and whatever other lab equipment you need)
How much 2.000 M solution is needed?

S. You need to make up some 5.0 M KCl solution but all you have is 125 mL of 3.0 M KCI. Explain what to do to make
up the 5.0 M solution. How much 5.0 M KCI will you get? Show calculations: (hint - calculate how much water to
evaporate)

lecean (-5 hwk

1. Write an equation for the ionization of the following acids in water.

a) HNO; HI\IOZ{M]—-‘) N();Cam'\'\‘\'r ¢) H2PO4 {complete ionization) 5
H2P04— —> Kt + HPO+_

b} HCO:- HCOS_Cﬂ.q') —y H+(aq) 1t C()szaq) H POA‘-_Z —> R t + POq- -

¥ Yo oA qually wiide: -
) R 3 M‘a) HNOZ(“O T HZO‘_Q)“"—"D NOa. (%) + HbOT(dfb)
b HC03 {nan + HLOM\ — H2,0+[atﬂ + C0227aay €Y HoPOs + H20 = Hant+ HEONGZ 2dc.
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2. Write an equation for the dissociation of each of the following bases in water.

a) RboH  PbOH = ALY +0H ™ c) Sr{OH) _
Se(oW), — Sr?' + Z0H

b) CsOH (sOH —> CeV + OH™

3. Using your knowledge of the Brgnsted-Lowry theory of acids and bases, write equations for the following acid-
base reactions and indicate each conjugate acid-base pair.

¢
2) ChsCHaNH; + HiO» € > CHaCHa NHa' + H20

lse, aa&. o). f*“‘d ‘1"“& Jbase.
b) NHY + HSOs € > NH4T tagy + 604- W\)
base acid c. actd base.
L ¢ 3
c) HGH:0; + H0 € CzHaoz gy t Hz0T (aq)
ocide bas% Cu'ud_Lba:L Cﬂ“d acid

L
d) OIHQ_-:/HNOB <« H?—D[‘ﬂ) + Noé—'ca%)

bast Qcic cow .acide Cawy . boror
Lesson 6.9 | L iy Wt\j

1} Complete the following table by calculating the desired quantities. All concentrations are in M.

[H*] [OH] pH pOH acid, basic, neutral
a |3.2x103
b 1.8x10%
c 10.23
d 6.78
e | 0.0050
f 0.000011
g 10.97
h 7.01

2. What would be the pH and pOH of each of the following solutions?

a) 0.0010 M HCl g) 1.0 M Ca(OH)

b) 0.0010 M HNO3 h) 0.075 M KOH

c) 0.010 M HCIO, i) 0.000034 M Ba(OH);



