Proton Transfer

HClis losing H*  H,O/is gaining H*

Proton Transfer

HClg) + H.0g = H;0'eq)+ Clig)

-/

HClis losing H*  H,Oiis gaining H*

ACID BASE
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Proton Transfer

AL T, S

NHyg) + HZO@ NH,*eq+ OHg)

-

NH, is gaining H* H,O is losing H*

Proton Transfer

P S

NHyg) + HZOG)# NH,* @+ OHq)

D g

NH; is gaining H* H.O is losing H*

BASE ACID
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Acid-Base Equilibria

CH,COOH + H,O==  H,0%u+ CH;C00)

[H,0+] [CH,COO]

Keg = [CH;COOH]

Acid-Base Equilibria

CH;COOH + H;Oq) é H3O‘(aq)+ CH3COO’(aq)

[H,0*] [CH,COO0]

1.8x105 = [CH;COOH] =K3

Acid Dissociation Constant

Acid Dissociation
Constants

® Smaller number (larger exponent) =weaker acid

- Name ofacid  Formula  Ka
Hydrofluoric acid HF 3.5x 104
Formic Acid HCOOH 1.8 x 10*
Carbonic acid H2CO3 4.3 x 107
Phosphoric acid HsPO4 7.5x 10°
Benzoic Acid CeHsCOOH 6.4 x 10°

Strongest acid? Weakest acid?

Water Auto-lonization

2H:0p —~ H30%eq) + OH%xg)

Keg = [H;0*1 [OH] =1x 10°% = K,
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Water Auto-lonization

——
2H,0p = H;0%q) + OH)

Keq = [H;0*] [OH]=1 x10'% = K,,

[H,0*] >107 ACID
[H;0*] < 107 BASE

pH

e Pouvoir hydrogéne

equilibrium with —__

pH = —log,[H;0*] atmor

freshly distilled water

baking soda
(NaHCO3 solution)

ACID pH <7
BASE pH >7

household lye —
(NaOH solution)

NEUTRALpH =7

battery acid

lemon juice

rain (H,0 in

spheric CO5) —E

seawater

E 3 milk of magnesia
household 11 (Mg(OH),) solution
aaaaaaa (NH3) £ E
Id bleach

ion)

pH

What is the pH of coffee if [H,0*] =1x10°%?

6
£ PLANET SHAKIN
& Z”n 18 IT JUST ME?

pH

What is the pH of coffee if [H,0*] =1x105?

pH = —log,,[H;0+]
=—l0gy(1 Xx10°9)

= 5 ACIDIC

ET SHAKING

E PLAN
15 T0% 15 17 JUST ME?
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pH

What is the pH of coffee if [H;0*] =1x105M?

What is [OH]?

6
£ PLANET SHAKIN.
L ro';e 18 IT JUST ME?

pH

Whatis thepH of coffeeif[H,0'] = 1x105M?
Whatis [OH]?

Ko =[H;0]1[OH]=1x120%

[OH 1=K, /[H,;0*]=1x10%/10"

_ 6
“1x10°M £ PLANET SHAKIN!
i ra'fe 1S IT JUST ME?

pH and [H,07]

o |f the pH of drain cleaner is 11.2, what is [H,0*]?

pH and [H,07]

o |f the pH of drain cleaner is 11.2, what is [H;0+]?

10PH = [H;0+]
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pH and [H;0°]

o If the pH of drain cleaner is 11.2, what is [H,0*]?

pH and [H;0°]
o If the pH of drain cleaner is 11.2, what is [H,0+]?
pH = -logi,[H;07]

A TN e

=6.3x10 M

g

pH and [H,07]

e What is the [H,0*] for milk (pH = 6.4)?

pH and [H,07]

e What is the [H,0+] for milk (pH = 6.4)?

pH = -log[H,0*] = 6.4

[H;0*] =10PH=10%4=4x 107M
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Neutralization

e Acid + Base --—--> H,0 + salt

H,SO, + Ba(OH), -->2H,0 +BaSO,

Antacids

e Neutralizing excess stomach acid

CaCO; + 2 HCl ->H,CO, +Caz*+2 -

l

H,O0 + CO,

Titration

Using neutralization to determine unknown
concentration of acid or base

§ * Usesanindicatorsolution to signalwhen
> 3 the

* ENDPOINT is reached

—la

Titration

Using neutralization to determine unknown
concentration of acid or base

§_<% * 36 mL of 0.25 M HCl used to
| g titrate 200 mL ? M KOH

—la
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Titration

e Adding base raises pH

12
"
4 e 10
9

z

ml of NaOH Added

Titration

e At equivalence point:

moles acid = moles base

MAVA = MBVB

pH

& " point
7
6
s
4
3
2

10

20 30 Q0
Volume of NaOH added (mL)

Titration

Using neutralization to determine unknown concentration of

acid or base

%o <
<
(0.036 L)(0.25M)=0.009moles HCI

@I]@ =0.009 moles KOH

—la

mL ? M KOH

MucVher = MkonVion

oo

i i o

0.009 moles KOH/o.1L =0.09M KOH

36 mL of 0.25 M HCl used to titrate 100

Indicators

e Choose indicator based on expected endpoint

Bromthymol Blue
Litmus

Methyl Orange

Methyl Red

Phenolphthalein

Phenol Red

Thymol Blue -I

pH

8 9 10 11 12 13
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Buffers

e Solution designed to resist pH change

e Combination of conjugate acid/base pair

a 88
;::1‘170.‘01 ’pﬁ?&/ ;;187@

uffer || Buffet

Thermo.
Therma

Buffers

HA + H,G= H0* + A

add hydronium  conjugate base
HA (weak acid) A (weak base)
= © %9 09
[H;0"][A”] °° e e %
K = m& Q o 630
a
[HA]

Oxidation-Reduction

Electron Transfer

Oxidation: electron loss X ----> X*+ e~

Reduction: electron gain Y + e ------- > Y-

Oxidation

Examples of redox reactions:

corrosion biochemical

Oxidation-Reduction

batteries

Figure 1




11/29/16

Electron Transfer

Oxidation and Reduction must occur together:
------------- > Cut+ 2e
2Agt + 26 -----—----- -> Ag

Formation of Silver Crystals

Cu -

Electron Transfer

Oxidation and Reduction must occur together:
_____________ > Cu2t + 2e oxidation
P Y R gl —— —> Agreduction

Formation of Silver Crystals

Cu -

Electron Transfer

Voltaic Cells
g P —— > Zn% + 2e~ oxidation
CU2* + 20 —cmmccmemeee > Cu reduction

Batteries
Ni-Cad rechargeable batteries
(o7 [ > Cd?*+ 2~ anode
NI ) o —— —> Ni cathode

Gasket
Positive terminal

= -
Gas release vent
Positive tab
= Ed
& 2
= 2 Positive electrode (NIOOH)
& g Separator
8 g Negative electrode (Cd)
B3 A Case (Negative terminal)
é w Jacket

|
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Alkaline batteries:

Batteries

Batteries

Lithium ion batteries:

LiCoOy ----------—- > x Li* + Li1xCo0O, + e
Li+ + LiCoO, + & ---------—- ->Li,O + CoO

Corrosion

Destructive electron transfer

Corrosion

Destructive electron transfer

10
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Activity Series

Predicts the strength of metals as reducing agents

oxidizi ng agents Metal Oxidation Reaction
Lithium Li>Lit+e-
Potassium K> K +e-
Barium Ba > Ba?* + 2e-
Calcium Ca=> Ca*+ 2e-
Sodium Na = Nat+e-
Magnesium Mg > Mg2* + 2e-
Aluminum AL AP+ 3e-
Zine Zn = Zn?t+ 2e-
Chromium Cr=> G+ + 3e-
Tron Fe > Fe2*+ 2e-
Cobalt Co = Co?*+ 2e-
Nickel Ni = NiZ* + 2e-
Tin Sn> St + 2e-
Lead Pb > Pb2* + 2e-
Copper Cu > Cu?+ 2e-
Silver Ag™ Agtte-
Mercury Hg > He?* + 2e-
Platinum Pt P* + 2e-
Gold Au=> Awt 4 3e-

o
1©]

Increase in Ease of Oxidation

Activity Series

Which metal will be oxidized? Which one reduced?

Al, Ni
Ag, Mg

Pb, K

Activity Series

Which metal will be oxidized? Which one reduced?

Al is oxidized, Ni is reduced
Mg is oxidized, Ag is reduced

K is oxidized, Pb is reduced

Unit 4 Review

e Types of Chemical Reactions
e Molarity

e Acid/Base pH=- log,[H;0+]
e Acid/Base strength pKa

e Oxidation/Reduction

e Metal Activity Series

11
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Unit 3 Review

Electromagnetic Energy Av=c, E=hv
Electron configurations

Periodic properties, ionization energy, size, electron
affinity

Valence Electrons, Lewis dot structures
Molecular Shapes
Polarity

Gas Laws; Ideal Gas Law, Partial Pressures

Unit 2 Review

Balancing chemical equations

Types of chemical reactions

Mass percent, empirical and molecular formulas
Molecular mass and the mole

Mole <-> gram conversions

Reaction Stoichiometry; Yield; Limiting Reagent

Energy of Reaction

Unit One Review

Units of Measurements: Sl units, interconversions
Scientific Notation & Significant Figures

Density

Temperature Scales

Elements, Compounds, Atoms

Atomic symbols, atomic mass calculations

lons and lonic Formulas, Names

Molecular compounds and Formulas, names

Acids and their names

12



