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Unit 1. Atomic Structure & Properties
o Bemewa  AVisualizing the Atom: TEM

Properties

o 1 o= A Measuring Orbitals in
wremmEE e Quantum Mechanical Model

e  AXPST core electrons

— AUPS i valence electrons

wamesmenens A (Saneral Applications of

1.6 Photoelectron

Spectoscony |Isotopes

1.7 Periodic Trends

1.2 Mass Spectroscopy of
Elements

1.8 Valence Electrons and
Ionic Compounds
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How do we know atoms exist?

Atom: smallest particle of an

element that reta|ns |tS Transmission Electron Miciroscope
] . . images of graphene ".'.'.:

chemical identity
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A Can we see it? CEOLECOCTRERE LR

Sur, U. Inter J of Electrochem. (2012) 10.1155/2012/237689.
H. Kuang, et al, ACS Nano (2015) 9, 5, 47861 4795.
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How do we measure energy of

electrons In orbitals?
X-ray and Ultraviolet photoemission spectroscopy
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How do XPS & UPS work?
h3 ‘/4KE
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XPS UPS:
A Study core electrons A Study valence electrons
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XPS of Phosphorus on Gold

Phosphorus, P XPS of phosphorus
A Electron configuration: A Might see 1s, 2s, 2p
1s2 252 2p® 352 3p3

XPS Spectrum
Thin Black Phosphorus Film Au 4f
on gold substrate

Zn 2p
A_l A\

Increaéing Energy
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Why are Isotopes significant?

= T s o Ry
| CARBON DATING & '

|
i
|

|
|
i
|
|
|

S NN P .
@ le%E‘ - L;’? W J H u/[!'“w""’
2 g 1 _— at . ak
A S "Ehar A
—_— {;-}-_I\M:j;_1 | 22 by H,A:H,:._/ Sof 5
© ,,;" w2 https://www.healthline.com/health/
Wy .
9 N TN thyroid-scan#uses
- |
e 1) | Y
Vg (1 & 4
Cote AW U g

T

https://en.wikipedia.org/wiki/File:Ben
zyneconversioncolouredlabels.pn



Department of Chemistry

COLLEGE OF SCIENCE | THE UNIVERSITY OF UTAH

Unit 2: Molecular & lonic Compounds
= mcemems A Can we see bonds? Can we

Structure and
Properties

235 - s measure them?

Weighting

e A Effects of hybridization

2.2 Intramolecular Force
and Potential Energy

2.3 Structure of Ionic
Solids

2.4 Structure of Metals and
Alloys

2.5 Lewis Diagrams
2.6 Resonance and
Formal Charge

2.7 VSEPR and Bond
Hybridization
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Measuring Bond Length

Atomic force microscopy (AFM)

laser beam

Photodiode
detector

cantilever

Sample

piezo-electric
SCanner

Graphene: a single layer of graphite

Sur, U. Inter J of Electrochem. (2012) 10.1155/2012/237689
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lonic vs. Covalent

|l oni ¢ ABondi ngGoyvalent Bonding

Ice, H,O(s)

Shiotariy A., Sugimoto, Y. Nat Commun 8, 14313 (2017).
https://doi.org/10.1038/ncomms14313
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What is the C hybridization?

Graphite (aka pencil lead) Diamond
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Unit 3:

Intermolecular
3 Forces and
Properties

UNIT

m 3.1 Intermolecular Forces
4

m 3.2 Properties of Solids
4

3.3 Solids, Liquids, and

Gases
3.4 Ideal Gas Law
3.5 Kinetic Molecular

Theory

3.6 Deviation from
Ideal Gas Law

Chromatography

EX :.10 Solubility
4

w 3.11 Spectroscopy and
the Electromagnetic
Spectrum

4
E 3.12 Photoelectric Effect
i 3.13 Beer-Lambert Law

3.7 Solutions and Mixtures
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Intermolecular Forces

A Shape of snowflakes

A Research: Non-Newtonain fluids
A Research: Janus particles

A Types of solids in everyday life
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Snowflakes are shaped by IMFs!

Consider a single water molecule. How
many water molecules can it hydrogen bond
to (ignore crowding effects)? *

~_ Hydrogen bond

A snowf | ak
shape is determined
by the interactions

of hydrogen bonds

Ice Liquid water during its
Hydrogen bonds Hydrogen bonds .
are stable constantly break and re-form formatl on.
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Super hydrophobic surface

Hydrophobic surface
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How does Gore-tex work?

Polar water D

0 min

(b) 0 min

(c) 0 min

13 min

9 min

6 min

26 min

18 min

12 min

|

Hydrophilic surface m—‘ﬁ-—

Choi, Chang K., i E v a pcbaraeteristics of water dropletsonsuper-hny dr ophobi c

40 min

26 min |

sur f ac
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Non-Newtonian Fluids

Increasing kinetic energy (KE); increasing temperature (K)

! /.
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Crystalline solid Liquid Gas
-

Increasing intermolecular forces (IMF)

Fundamental differencéistance between particles


https://phys.org/news/2012-07-duo-non-newtonian-fluids-harden-impact.html
https://phys.org/news/2012-07-duo-non-newtonian-fluids-harden-impact.html
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Janus Particles

A Two-faced particles
A Hydrophylic vs. hydrophobic
A Self-assembly particles

A Solar cells: n-type vs. p-type

O Mo
Q@ 5
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Amorphous vs. Crystalline Solids

YOUR DADS BEEN
UNDER A LOT OF
PRESSURE LATELY.

Amorphous

.'_l‘l'..rr;.'“'__'.:':' £ :-ll':-?'r' ;"
1::”‘11;,%‘ L

Charcoal Diamond
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Properties of Types of Crystalline Solids

Types of Crystalline Solids and Their Properties

Type of Type of Properties Examples
Particles Attractions
ionic ions ionic bonds hard, brittle, conducts electricity as a liquid but NaCl,
not as a solid, high to very high melting points Al,O3
atoms of . shiny, malleable, ductile, conducts heat and i
. . metallic . ) . Cu, Fe, Ti,
metallic electropositive electricity well, variable hardness and melting
bonds Pb, U
elements temperature
ms of . . :
covalent atoms of covalent very hard, not conductive, very high melting . &
network electronegative bonds points (dl_amon_d),
elements SiO,, SiC
molecules (or variable hardness, variable brittleness, not H20, COy,
molecular IMFs . : . o,
atoms) conductive, low melting points
C12H22011




THE
U UNIVERSITY
OF UTAH"®

Department of Chemistry

COLLEGE OF SCIENCE | THE UNIVERSITY OF UTAH

General Guide for Bonding in Solids

H He

Covalent— ——

Li || Be B CI N | Ofl F | Ne
& ||l== R . : 4
P network maks s I o
Na || Mg Al || Si || P S || Cl || Ar
Sadwm Magnesium Aluminium
19 20 Pl 22 23 24 25 26 27 28 29 30 EX 32 33 34 35 36
K || Call Sc || Ti V || Cr|[Mn|| Fe || Co ([ Ni||Cul{Zn | Ga || Ge|| As || Se || Br || Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb || Sr{| Y || Zr |[Nb|[Mo|| Tc |[Ru|[Rh|[Pd|[Ag|[Cd|f In|/Sn | Sb| Te|| | | Xe
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs || Ba y Hf || Ta || W || Re|[Os || Ir [| Pt ||[Aul|lHg|l Tl |[|Pb |l Bi || Po| At | Rn
1sasasssiss [ | 137320 71| s || rooserss || resse 198207 19023 192217 ososs || 19ssseses || 2o0sm2 20038 wz || wesssie 2
Caesium Barium Hafium Tantalum Tungsten Rhenium Osmium Wridium Platinum Gold Mercury Thaltium Lead Bismuth
87 88 104 105 106 107 108 109 110 m nz2 13 14 15 116 nz 18
Fr || Ra |[87|| Rf || Db || Sg || Bh || Hs || Mt || Ds || Rg || Cn [|Uut|| FI |[Uup|| Lv ||Uus| Uuo
m 2 103|| = s s an 2o o - m as s W. s 1
S | - e | e e = e | | = | e | L = | e i et
Do it 57 58 59 60 61 62 63 64 65 66 67 68 69 70 n
anthanide
series | L@ || Ce || Pr [[Nd ||Pm [[Sm || Eu ||Gd || Tb || Dy || Ho || Er || Tm || Yb || Lu
Actinide 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
{
seies | AC || Th || Pa || U |[Np|| Pul|[Am|/Cm|| Bk || Cf || Es || Fm || Md || No || Lr
Actinium Thorium Protactinium Uransum Neptunium Plutonium Americium Curium Berkalum Californium Einsteinium Farmium Mandelevium Nabalium Lawrancium

lonic = metal + electronegative element
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Graphite:

Graphite o
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Graphene is:
The thinnest material

The strongest material (by weight)
The most conductive material
The most flexible material
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Gypsum Chalk, Plaster of Parls Sheet Rock

Qloct |- aldala’ ailaYalalalla

/1
A.E. S Van Dnessche et al. (eds.), New Pe rspectwes o] Mlneral Nucleation and Growth, DOI 10 1007/978 -319-45669-0_12

between planes)
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Rahman, F. (2013). Calcium sulfate precipitation
studies with scale inhibitors for reverse osmosis
desalination. Desalination. 319. 7971 84.
10.1016/j.desal.2013.03.027.




unit  Chemical

TRA

Reactions
~14-15 e | T=9% o
WY 4.1 Introduction for
% Reactions
WY 4.2 Net Ionic Equations
5
WY 4.3 Representations of
3 Reactions
TRA

4.4 Physical and
Chemical Changes

4.5 Stoichiometry

4.6 Introduction to
Titration

4.7 Types of Chemical
Reactions

4.8 Introduction to
Acid-Base Reactions

4.9 Oxidation-Reduction
(Redox) Reactions
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Unit 4: Chemical Reactions

A Precipitating lead (very
relevant in Utah)

A Combustion of Gasoline
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Precipitation Reactions

Precipitation reactions occur when two solutions containing soluble salts are
mixed and an insoluble salt is produced. The solid is called a precipitate.

For example: What happens when potassium iodide and lead (ll) nitrate react?
Be sure to include states of matter in the balanced chemical reaction.

CO@OYR OV ) (OGDRO ¢L U6 (Y ovw'd

2 KI(aq) + Pb(NO3),(aq) 2 KNOj(aq) + Pbly(s)
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D-Lead® Paint Test Kit from ESCA Tech, Ir

Leadbasedoaint was banneiih 1978 due to its toxic effects.

1. Lead in the paint is likely to have oxidized in air and formed lead (ll) carbonate

PbCQ,. A sample of paint is first placed in a basic solution (% ¥ NaOH).
PbCQ,(s) + 4 OH (ag) Y Pb(OH)?Z (aq) + CO% (aq) K,

2. Then, ammonium sulfide (NS (< 2wt%) is added to the previous mixture. If
any lead cations are present, the following reaction will occur, producing brown
lead (II) sulfide.

Pb(OH)? (aq) + (NH,),S (@aq) RbS(aq) + 2 NH,OH (aq) + 2 OH (aog) K,

Given that each of these reactions occur spontaneously at room temperature, what c
be determined about the standard Gibbs Free Esé@yfor these processes (positive,
negative, or zero)2(pt9
1) What can you determineaboutthe equilibrium constantK,, for thesereactions
(Keq™ 1, Keg < 1, K = 1)? Briefly supportyouranswer (2 pts)

A
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D-Lead® Paint Test Kit from ESCA Tech, Ir

1. Given that each of these reactions occur spontaneously at room
temperature, what can be determined about the standard Gibbs Free
Energy3O for these processes (positive, negative, or zero)?

2. What can you determine about the equilibrium constaptdk these
reactions (K,> 1, K,,< 1, K= 1)? Briefly support your answer. Write
the equilibrium constant KO for

3. How i s KO calgand8t ed based on K

The first reaction can only occur in basic conditions where the pH > 12.
Calculate the pH of the <Wt% NaOH. Approximate the density of this
solution as 1 g/mL at room temperature.

5. The detection limit of this reaction if 400 ppm Pb. What is the limiting
reactant in this test: NaOH, (NHS, or PbC@Q?
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Combustion of Gasoline

Gasoline used in vehicles is a mixture of
hydrocarbons that can be approximately
represented by the formula CgH,5. When this
hydrocarbon combusts in an engine, it produces
energy that can then be used to move a vehicle.
Write the complete combustion reaction of
gasoline in a car.

2CH (1) +250(0) Y 1L(@ € BHO(g)
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Technology Highlights
A Oxidation
A Ag vs. Al mirrors
A Al,O, vs CuO
A Selective adsorption
A Scrubbing CO,
A Surface functionalization
A Sensors

A New material discovery & characterization
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Unit 5: Kinetics

¢ wae  ALifetime of medicine

=t A Elephant toothpaste:
Decomposition of H,0O,

S A How yeast catalyzes this is still
T:A 5.4 Elementary Reactions N OT KN OWN !

Wy 5.5 Collision Model

WY 5.6 Reaction Energy Profile

WLy 5.7 Introduction to Reaction
Mechanisms

WY 5.8 Reaction Mechanism
and Rate Law

WY 5.9 Steady-State
Approximation

WLy 5.10 Multistep Reaction
Energy Profile

5.11 Catalysis

E
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Kinetics & Pharmaceuticals

The chemotherapy drug Platinol is used to treat
a variety of cancers. The change in
concentration vs. time for Platinol is plotted
below. Based on the graphs, is the hydrolysis of
Platinol a zeroth, first, or second order reaction?

A. Zero
B. First
C. Second

D. Impossible to tell

In[A]
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Half-life & Pharmaceuticals

The rate constant for Platinol is 1.5 x 103
min-t under physiological conditions. If the
starting concentration of Platinol is 0.89 M,
what Is the half life of the drug?

A. 410 minutes O'i%

B. 440 minutes
C. 460 minutes
D. 520 minutes

=1y
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Prooc &t net i cs

A cat has a daily dose of fluoxetine (Prozac) to treat her
severe anxiety. When her owner goes out of town, the
pet sitter is unable to get her to take her medicine. After
missing five days of medicine, what percentage of the

t herapeutic | evel r e ma-lifen s

IS 55 hours. Assume the drug is metabolized according t
first-order kinetics.
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Unit 6: Thermodynamics

x ThermodynamicsAﬁ Kitchen chemi st
101 m|7— = A Phase Changes of NaCl

A Supercritical fluids

o A Research: Supercooled fluiids

6.4 Heat Capacity and Ve

A Research: Solid Phase

6.5 Energy of Phase
Changes pu

-msanomes A RE@SEArCH: 2D solids
A Calorimetry

6.7 Bond Enthalpies

6.8 Enthalpy of Formation

6.9 Hess’s Law
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Instapot: Chemistry or Hoax?

The Instapot” is an electric pressure cooker
that claims to reduce the time necessary to
prepare foods. How does it work?

A. The Instapot™ decreases the pressure in the cooker, thus decreasing the boiling point
(BP) of water. As the water is heated, it boils more quickly and so cooks the food
more quickly.

B. The Instapot™increases the pressure in the cooker, thus increasing the BP of
water, and the food is cooked more quickly because it is cooking at a higher
temperature.

C. The Instapot”increases the pressure in the cooker, thus decreasing the BP of water,
and the food is cooked more quickly because it reaches the BP more quickly.

D. Although the Instapot™ changes the pressure inside the cooker, it only affects the vapor
pressure, not the BP, of water. Food is cooked faster because all the heat is kept in
the cooker.

E. The Instapotis a gimmick.
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High Altitude Recipes: WHY?

Many recipes have different instructions for baking at higher
altitudes, including using a higher temperature. This Is due to
the differences in atmospheric pressure and its effect on
cooking conditions.

At a higher altitude, atmospheric
pressure Is , therefore water bolls e g up S
—— BAKING INSTRUCTIONS: ater Vegetable Ol ' Eggs
at a te m p e ratu re . . a PREHEAT oven to 350°F for metal and glass pan(s),
—————————— w 325°F for dark or coated pan(s).*
E g GREASE sides and bottom of pan(s) and flour lightly.
- Use baking cups for cupcakes.
" < 1 atm ) h I g h e r STEP g A BLEND cake mix, water, oil and eggs in a large bowl at
9 ! ( ;Q low speed until moistened (about 30 seconds).
=

BEAT at medium speed for 2 minutes

n < 1 a-t l I l ] I O W e r ‘» POUR batter in pan(s) and bake immediately.
. STEP BAKE m center of oven at 350° F following chart below.
. > a l I l ; I g e r 9 § % 'Add 3-5 minutes to bake time for dark or coated

YOU WILL NEED:

pan(s). Cake is done when toothpick inserted in
center comes out clean.

COOL cake(s) in pan on wire rack for 15 minutes. Remove
> a I I l Owe r cake(s) from pan and cool completely before frosting.
- ’ LOWER FAT RECIPE:
PREPARE AND BAKE FOLLOWING THE DIRECTIONS ABOVE EXCEPT USING
3/4 CUP WATER, 1/3 CUP UNSWEETENED APPLESAUCE AND 3 EGGS.

. TWO 8-INCH TWO 9-INCH 13 x 9-INCH BUNDT™* 24 CUPCAKES

. 26-31MIN 24-29 MIN 26-31 MIN 33-36 MIN 18-21 MIN

HIGH ALTITUDE (OVER 3,500 FT): PREHEAT OVEN TO 350° F. ADD 2 TABLESPOONS OF FLOUR INTO CAKE MIX
ADD 1/3 CUP OIL, 1 CUP WATER AND 3 EGGS. BLEND AS DIRECTED IN STEP 2. BAKE AT 350°F. TWO 8-INCH PANS

26-30 MIN; 13 X 9-INCH PAN BAKED 26-30 MIN; 24 CUPCAKES 16-20 MIN.
**BUNDT IS A REGISTERED TRADEMARK OF NORTHLAND ALUMINUM PRODUCTS, INC,, MINNEAPOLIS, MINNESOTA

OO0l >
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R =8.314 J K1 mol?

Boiling Point of NaCl

Sodium chloride melts at 801°C. Molten NaCl
has a vapor pressure of 6.12 torr at 9/°C and
8.606 torr at 1003 °C.

What is its normal boiling point?

~

5 0 ) U
ch+ R ng L0
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Can you really boil NaCl?

Courtesy of Dr. Scott Warren, UNC
Department of Chemistry
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Supercritical Fluids

Behave like a liquid & gas:
Athe fluid fills a container completely (like a
gas)
Athe fluid is much denser than a gas (like a
liquid).

Supercritical fluids are produced when:
1. Temperatures are high enough to overcome
Intermolecular forces.
2. Pressures are high enough to achieve high
densities.
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Supercritical CO,

1. Non-polar.

I Dissolvesnon-pol ar substances. (
Enters materials like a gas.

Tunable density.

Cannot be oxidized.

. Volatile.

Non-toxic.

® Ul A WN

Superecritical fluids has replaced toxic solvents in certain
applications, including:

A a solvent for dry cleaning
A a solvent for extracting caffeine from coffee beans




THE
U UNIVERSITY
OF UTAH"®
Department of Chemistry
COLLEGE OF SCIENCE | THE UNIVERSITY OF UTAH

Research: Supercooled fluids

- H,0O
\ . Supercritical
102 quuld \ fluid
Critical point T /¢
10 (374.4 °C, 217.7 atm) = Stable water
q ol
= 1 solid P @400 | AN D
e < Supercooled
2 i
2 10 Gas | T .
E ; . il )
1072 100 No man’s\land
103 Triple point g
(0.0098 °C, 0.00603 atm)
10~* HDA
-200 :
—200 0 200 400 600 o =
Temperature (°C) o/GPa

Wynne Lab, University
of Glasgow
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Research: Different Solid Phases

lh T Hexaqgonal

Basal plane
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Link to different phasekere



http://www1.lsbu.ac.uk/water/water_phase_diagram.html

U g‘;* IVER Dy
Research: 2D Solids

A Black Phosphorus: direct gap semiconductor, sp3
A Blue phosphorene: indirect semiconductor, sp? hybridization
A Graphene: semimetal, sp? hybridization, honeycomb

Department of Chemistry
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(2) Black (b) Blue (©) Graphene

i
ifi

Jain, Ankit & Mcgaughey, Alan. (2015). Strongly anisotropic in-plane thermal transport in single-layer black phosphorene. Scientific
reports. 5. 8501. 10.1038/srep08501.
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Where do we use calorimetry and
enthalpy?

Vitamin D Milk

Nutrition Facts
Serving Size 1 cup (236mL

Amount Per Serving

il
% Daily Value*

Total Fat 8g 12%
Saturated Fat 59 25%
Trans Fat 0g

Chol ol 35mg 11%

Sodium 125mg 5%

Total Carbohydrate 12g 4%
Dietary Fiber Og 0%
Sugars 129

Protein 89

Y |

Vitamin A 6% «  Vitamin C 4%

Calcium 30% . Iron 0%

Vitamin D 25%

* Percent Daily Values are based on a 2,000

calorie diet. Your daily values may be higher

or lower depending on your calorie needs.
Calories: 2,000 2,500

Total fat Less than 65¢ 809
Sat Fat Less than  20g 25¢
Cholesterol Less than 300mg 300mg
Sodium Less than 2,400g 2,400g
Total Carbohydrate 3009 375g
Dietary Fiber 259 30g

Ingredients: Grade A Pasteurized Milk, Vitamin D3

Food

s FAMILY
sx(\’*::“ AMERY

Fuel

Renewable

energy (9.9%) Petroleum

Nuclear (36.3%)

(8.6%) \

Coal \
(16%)

Natural gas (29.1%)
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Unit 7: Equilibrium

UNIT

Equilibrium
~14-16 Sise | T=9% Siiin

WY 7.1 Introduction to

. Equilibrium
WY 7.2 Direction of Reversible

. Reactions
WY 7.3 Reaction Quotient and

3 Equilibrium Constant
WY 7.4 Calculating the

5 Equilibrium Constant
Wl 7.5 Magnitude of the

. Equilibrium Constant
WY 7.6 Properties of the

5 Equilibrium Constant
WY 7.7 Calculating Equilibrium

3 Concentrations
WY 7.8 Representations of

3 Equilibrium
WY 7.9 Introduction to Le

. Chatelier’s Principle
WY 7.10 Reaction Quotient and

@

71

pry

7.13

714

Le Chatelier’s Principle

Introduction to
Solubility Equilibria

Common-Ion Effect

pH and Solubility

Free Energy of
Dissolution

A Haber process

A Ocean acidification

A Mining Quarries & Basicity
A Every day life: Ammonia
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Research: Haber Process
Haber Process

c'QdQ U (Qz ¢ Uo(Q
Exothermic: 3O 1t Keg = 6.8 X 10°

A We have not achieved a production yield
of ammonia above 15%.
A However, if we could improve the yield of

ammonia, we could produce sufficient
fertilizer to adequately address food needs



https://areweanycloser.wordpress.com/2013/06/21/dendritic-lithium-and-battery-fires/
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Research: Li-lon Batteries
A Li-ion Batteries

Li" (ions) \
SEI |
\

Liimeratiicy dendrites

Li" (ions)
\

SEI

ress.com/2013/06/21/dendritic-lithium-and-battery-fires/



https://areweanycloser.wordpress.com/2013/06/21/dendritic-lithium-and-battery-fires/
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Homework Question

In old mining sites, such as
this rock quarry, water can
collect. Over time, minerals
become dissolved in the
water and alter its pH.

If CaNO, dissolves into the
water, what would the pH
be?
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Question

For this agueous reaction in household ammonia
0’0 00z 00 0O
y p&tp 11 at 25°C. At equilibrium,

A. products dominate the system mixture.
B. reactants dominate the system mixture.

C. roughly equal amounts of products and
reactants are present in the system mixture.

D. only products are present.

E. only reactants are present.
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Unit 8: Acids and Bases

U§T Acids and Bases A Maklng Cheese/TOfU/etC
~14-15 5. | 11-15% &g, A Human Buffe IS

8.1 Introduction to Acids
and Bases

Toke bhis
And. that !

8.2 pH and pOH of Strong ,|"‘1 oy h
oahohohalkhahae

Acids and Bases

8.3 Weak Acid and Base
Equilibria

8.4 Acid-Base Reactions
and Buffers

8.5 Acid-Base Titrations

Bl 8.6 Molecular Structure of
Acids and Bases

8.7 pHand pK,

[/
>
hl

8.8 Properties of Buffers

8.9 Henderson-Hasselbalch
Equation

8.10 Buffer Capacity
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What Is a buffer?

{ o

.y | Buffers
are mixtures that resist
Strong acid | changes in pH.

If you add strong acid or
strong base to a buffer, the
pPH wonot <change

Our bodies function
because our blood is a
buffer with a pH of 7.45.

Buffers soak up H* from
a strong acid or the OH-
from a strong base.
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Buffers In the body

The equilibrium system that buffers blood is:
‘060 (O 06(@z 08 (Of 006 (Gn

What is the ratio of [HCO;] to [H,CO4] In
blood at pH 7.457
K,(H,CO,) = 4.3 x 107
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Unit 9: Applications of Thermodynamics

w st A\ Batteries
0155 7-9 A Primary Batteries (1971)
B Ae.g. Car batteries

9.2 Absolute Entropy and

Entropy Change

A Secondary Batteries (recharge)

Thermodynamic
Favorability

4 [ ] [ ]
9.4 Thermodynamic and A e . g . L I = I O n

Kinetic Control

9.5 Free Energy and
Equilibrium

9.6 Coupled Reactions

9.7 Galvanic (Voltaic) and
Electrolytic Cells

9.8 Cell Potential and Free
Energy

9.9 Cell Potential
Under Nonstandard
Conditions

9.10 Electrolysis and

Faraday’s Law
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Galvanic Cells (or Voltaic Cells)

Galvanic cells have:

A oxidation-reduction reactions

A electrical energy can be utilized —

A the reactions occur spontaneously ] | GireLocE =

A ofG is negative (qE is positive)

2

[OURBLOCK]
2 B
c
gﬁ
A mMm
m ™

-
§DURACELL

Floor of Tesla
Model S

500 kg (1000
pounds) of batteries
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Car Batteries: 12V~ _

A 6 Galvanic Cells in series
A Approximate voltage from each &

O O (WO QE MY e £ Q0

Calculate the voltage produced by each cell.
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Car Batteries: 12 V

A 6 Galvanic Cells in series
A Approximate voltage from each cell:
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Disc_harge

O O (WO QE MY e £ Q0

0 ® (i) 0™ (B <O (@GN ¢Q O ¢b oiY(i) ¢OU a ¢ P&
0D WOY([i) ¢O(@WR ¢cQOoOVL@) O (® o ™ W
0@ () 0dQ) O (OR° ¢0 wiY(i) ¢O0 & (0} c81 T
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Car Battery: 12 V

0@ () O (O O ¢Q O cd lY(i) cOU & o P&
0 A0Y() ¢O (@R ¢QO0d) O (d) (o} & U
0@ () 0&Q) O (OR° ¢0 wiY(i) ¢O0 & (o) c81 10
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Car Batteries: Gibbs Free Energy

Calculate the standard Gibbs free energy 30
for the car battery.

0@ () O (@R O ¢Q O cd Vi) coL( O P&
0 A0Y() ¢ O ¢QOOE) O (O (%} & w
0@ () 0Q) O™ (ON° ¢cD V(i) ¢O0 & (0} C81 O

AG® = —nFE° '
/ \AG° = —RTInK
E°

o — RT
E%= nFan

1F =96,485 C/mol = 96,485 J/wol
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Car Batteries: Equilibrium Constant

Calculate the equilibrium constant K for the car
battery at ¢ 00.

D () O (O cO@R ¢Q O ¢ wYi) ¢OU & @) P&
0 OY([) c¢O@R ¢QOOd) O (GO (%} & U
D () 0Q) O™ (OGA° ¢l Y(i) ¢O0 & o) C81 0

AG® = —nFE° '
/ \AG° = —RTInK
E°

o — RT
E%= nFan

1F =96,485 C/mol = 96,485 J/wol
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When do batteries work best?

What happens to E_
Increases? Explain.

, as temperature

Often times, people store their batteries in the
fridge. Is this a good or bad practice? Explain.

AG® = —nFE° '
\AGO =—RT In K
E°

o — RT
E%= nFan

1F =96,485 C/mol = 96,485 J/wol




THE
U UNIVERSITY
OF UTAH"®

Department of Chemistry

E | THE UNIVERSITY OF UTAH

Car Batteries: Non-standard Conditions

What would happen to the value of K If the
battery acid were less concentrated?

What would happen to the voltage

produced?

D () O (O cO@R ¢Q©° ¢ wYi) cOU & (0} P&
0 Q0Y([i) ¢O(@H ¢QOOd) O (d) d & W
0@ () 0dQ) O (OR° ¢0 wiY(i) ¢O0 & (0} C81 T
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Nernst Equation

Recall, 30 30 YYD and 30O £ 00

So,
§ 00 ¢ O YYD

By dividing by -nF, we get

% o 2 4 .
SR B
At room temperature and converting In to log, we get
T8t U .
% % < FIml) 1 1C
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Car Batteries: Non-standard Conditions

Calculate the voltage produced if the
concentrations are changed and the reaction
guotient Q = 1 x 103 on a hot summer day at
38°C.

~

0/0/2—41].
6% 4

D@ (i) O (O cO(@@R ¢Q O ¢d iYi) ¢OU & o P W
0 OOY() ¢O (wn cQood) O (@0n (6) ® uw
D (i) D) ¢O™ (OH° ¢ wiY(i) ¢OU & o C8t T
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How to shrink down to small battery?

Same solution at the
cathode, anode, and for
salt bridge!

This solution must
conduct electricity and
must allow molecules to
diffuse (move) easily.

This is called an

electrolyte.
Q@(i) ‘0™ (G O (G ¢Q O ¢h 0 QOY(i) 00U a'C P&
0 WIY([i) ¢O(@WR ¢cQO°VLE) O (® (0) ™ W
0@ () 0@) O™ ©° ¢l aiYi) ¢OU & o C81 O
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State-of-Art Battery: Li-I
ale-0Ol-All ballery. LI-10n
Dhechorge Procoss of o Conventtong Libaen-on Dsttery Csf m

What things can be improved?
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Layered Structures of Anode & Cathode

®
LITHIUM ION 4 V
QZ/
ELECTRON
. S
/

Cathode Anode

{Transition rmetal oxides) (Graphite)

=

E f PETROLEUM COKE
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Li-ion Batteries: Flammable, Toxic

Short-circuits & gets really hot!

WHISKERS
METALLIC WHY LITHIUM-ION BATTERIES CATCH FIRE

I_lTH |U M Lithium-ion batteries have been in the news recently with reports of some of Samsung's phones

unexpectedly catching fire. Here, we examine how the batteries work and what can make them ignite.

SEPARATOR

FLAMMARLE

Common eléctrolyte substance

@ © C&EN 2016 Created by Andy Brunning for Chemical & Engineering News
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What things can be improved?

A Electrolyte
A Aqueous solutions
A Non-aqueous solutions
A Solid-state electrolytes
A Binder
A Binder-free
A Valency of the lon
A Materials: Anode/Cathode
A Expansion
A SEI Layer
A Size
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Research: Electrolyte

A Aqueous solutions (water: 1.23 V, non-
toxic, non-flammable)

A Non-aqueous solutions (current: 4V, toxic,
flammable)

A Solid-state electrolytes

Conventional battery - organic electrolyte All-solid-state battery

Anode Cathode
Anode /('%\ i

Electrolyte

Solid electrolyte
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Research: Different lons

Cathode Anode

A Single-valent: {Transition metal oxides) t}
ALi A Li*+e ' -

A |\/| u|tivalent: Higher Energy Density

é. but | arger radius!

AMg A Mg?* + 2e’
AAIA AR + 3e

Pillaring:

1.8

. " g 77K
1.5" .I s - . 3
? 12< '. . s * * - - *
o~ .'.t
2094y
<) - .
% 06{; Hzsorption
Q.

T 295K
0.34* e

0.01.‘00 w &Y :

0 20 40 60 80 100120

Pressure (bar)
Carbon vol120, (2017) 145156.



https://www.sciencedirect.com/science/journal/00086223
https://www.sciencedirect.com/science/journal/00086223/120/supp/C
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Materials: Anode/Cathode

Cathode Anode

{Transition metal oxides) (Graphite) E | e Ctrl d es: C a N

J. Am. Chem. Soc.2016, 138, 49,
1608971 16094
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2D Materials to Address Li Battery Challenge

Conductivity
Ew q'."i.'! Ev:m; e
condy ‘7"5' fl"-rf}.
q
Thermal Electrode g_%
EE‘.‘ stability pulverization & O
- D = W
)
EE e 2D materials : 1E
endri attery -
prevention II'I hattE"EE flexibility ﬂ E
Eah"yﬁu R-a’LB “‘;E
Ctivig, pertor™
Energy/power
density

ACS Nano2020, 14, 3, 2628 2658
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ACS Heroes of Chemistry (2022)

N andustrial chemical
scientists whose work has led
to the development of
successful commercialized
products ingrained with
chemistry for the benefit of
humanki nd. j




